WO 03/ 046187 PCT/ EPO2/ 13297 -1 Method for producing a reconbi nant

pol ypeptide Field of the Invention The present invention relates to

met hods fwo opneddszi ng host cells that express reconbi nantrcpa@Pypeyi des,
such as human erythropoietin, and nethods for the production of such
pol ypeptides. In particular, the invehtion relates to a two-vector
expression system conprising diverse selection markers and net hods for
usi ng such a system Background to the invention The regul ati on of

erythropoiesis is acqpiRbd fBFodRINY & rdd¥mBRantboigsaptigéei n  hor mone,
eryt hropoi etin (Epo), ch was di scovered I n . At that time, isolation

and purification of Epo was hanpered by the relative paucity of starting
material that is the urine of aplastic anem a patients. Only subm crogram
amounts of the purjified hornone were available for study. The first

puri f iFelgichihelpemioRhes were undertaken in the late 1970s using |ectins
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- sequence of . human _er.yt hr gpo C :
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appr oxdomriging dré@séléctionanarkérscami raetheds fonusiog sueh ayystessi dues that form
two intrachain disulfide bonds between Cys 7 and Cys 161 and between Cys

29 ang %s 33,! rﬁSEECt i!.vely. The disul fide bridge between Cys 7 and Cys
161 h n IOEUN i tical for bi ol ogi cal activity. Erythropoietin
i s heavily ] ' m&ﬁid?é@'%ta%béf fBhb@ nfHi¥y 8§ ohk Ylytep@edihar  nMass
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prepariation tromurine; It is affected by the method of preparation used.
The ol ofgizstic kaeiniepatientsc tQnly submicregraineeauats ¢f dhe PrEfiRd RAFRNBWEr] or s of
erythro\pqig]ti nrsaﬁ?%’ not been determ ned since these forns have not been

fpilable for siidy,

i sol at® oietin has three asparagi nes (Asn 38, Asn 24 and Asn 83)
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erythropoietin and a crude urinary preparation could be enriched by up to 100 times for
Epo.

By the early 1980s the DNA-sequence of human erythropoietin had been sequenced
and cloned. Erythropoietin is a single chain glycoprotein with a molecular weight of
approximately 30 to 34 kDa. It contains four cysteinyl residues that form two intrachain
disulfide bonds between Cys 7 and Cys 161 and between Cys 29 and Cys 33, respectively.
The disulfide bridge between Cys 7 and Cys 161 has been shown to be critical for biological
activity. Erythropoietin is heavily glycosylated; approximately 35 to 40% of its molecular
mass consists of carbohydrate. The amount of carbohydrate can vary between
preparations of urine, so this heterogeneity reflects not the state immediately after secretion
by the kidney, but the Epo molecule after preparation from urine; it is affected by the
method of preparation used. The oligosaccharide structure of the circulating plasma form or
forms of erythropoietin has not been determined since these forms have not been isolated.
Erythropoietin has three asparagines (Asn 38, Asn 24 and Asn 83) providing N-
glycosylation sites, and one serine (Ser 129) for O-linked glycosylation.

Recombinant human erythropoietin (rhEpo) has been expressed in a number of

mammalian systems including Chinese hamster ovary (CHO) cells, baby hamster kidney



manmal i an systens includi ng Chi nese hanster ovary (CHO cells, baby hanster
ki dney WD 03/046187 PCT/ EP02/ 13297 2* (BHK) cells and HeLa cells. The

gl ycosyl awpen/opast ern of rhEpo expressed in these differe®CT/EPe/I320Y pes
varies. (reviewed in Takeuchi and Kobata, 1991, .d ycobiology 1(4):

337-346). Commercial production of tAEpo requires high | evel expression of
protein that has high in vivo activity. One technique for increasing the

| evel s of expression is to transfect a vector containing the dihydrofol ate
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gene) ,Egdgene/ect ors being otherw se essentially identical, allows the
generation and sel ection of host <cells having desirable properties with
respect to expression of the reconbinant pol ypeptide. Accordingly, in a

first asRMaky éihBe PvesRIH 1 nvention provides a method for produci ng a
transf’orned_eukaryotic host cell which e sse corrbl na epti de
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Into cells having desirable properties with respect to expression of the recombinant polypeptide.
Accordingly, in a first aspect the present invention provides a method for producing a
transformed eukaryotic host cell which expresses a recombinant polypeptide of interest
which method comprises introducing into a eukaryotic host cell:
(a) a first polynucleotide vector which comprises (i) a first nucleotide sequence which
encodes a recombinant polypeptide of interest; and (ji) a second nucleotide
sequence encoding a selectable marker, which second nucleotide sequence is
amplified when the host cell is contacted with a selection agent, and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynucleotide vector except that the second nucleotide sequence is
replaced with a third nucleotide sequence which encodes a different selectable
marker;
the first polynucleotide vector and second polynucleotide vector being integrated into
the genome of the host cell.
Advantageously and preferably, the first and second polynucleotide vectors are
simultaneously introduced into the host cell. In the alternative, the first and the second

polynucleotide vectors are introduced into the host cell successively.



t he genone of the host cell. Advantageously and preferably, the first and
second pol ynucl eotide vectors are sinultaneously introduced into the host
cell. Inwbe3akdier nati ve, the first and the second pol ynkcirarn/deovect ors
are introduced into the host cell successively. WO 03/046187 PCT/ EP02/ 13297
-3 Preferably the host cell is a mam@&tian cell, nore preferably a Chinese
hanmster ovary (CHO cell. The sel ection agent can be any conpound or
conposi tion which is capable of causing anplification of the second
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vect orpaphoearsisans). ad \MII‘bb%pEé@t ubbsosikilkel is doat) cifferast anttibiotics st

pol ynucl eoti de vector except t gt t he nucl eoti de sequence encodi ng

di hydrtbﬁcﬁ‘leﬁt‘wcﬁ"‘élie%ﬁﬁ%qlsé’ ced with a third nucl eoti de sequence which
encodes any %@ﬁé@ﬂnb%ﬁdﬁﬁerﬁ hAé pReyehfingémiongRoviidcimetiddgosprodaciag ance to

G 418, neonycin different antibiotic of the neq roy the first
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encodes human erythropoietin, and (i) a second nucleotide sequence encoding

dihydrofolate reductase; and

(b) a second polynucleotide vector having essentially the same nucleotide sequence

as the first polynucleotide vector except that the nucleotide sequence encoding

dihydrofolate reductase is replaced with a third nucleotide sequence which encodes
an aminoglycoside phosphotransferase which confers resistance to G-418,neomycin
or a different antibiotic of the neomycin group;

the first polynucleotide vector and second polynucleotide vector being integrated into
the genome of the host cell.

Preferably, for all the methods according to the present invention, as disclosed
herein, the first nucleotide sequence, the second nucleotide sequence and the third
nucleotide sequence are operably linked to a strong promoter, typically a viral promoter
such as an SV40 early promoter. Preferably, each of the three nucleotide sequences is
independently operable linked to such a strong promoter, preferably to the SV40 early
promoter. However, the use of respective polycistronic expression units will also be
possible.

Likewise preferably, for all the methods according to the present invention, as
disclosed herein, the first nucleotide sequence, the second nucleotide sequence and the

third nucleotide sequence are operably linked to further control elements, like a transcription



nucl eoti de sequence are operably linked to a strong pronoter, typically a
viral pronoter such as an SV40 early pronoter. Preferably, each of the

t hree nucweamBiglassequences i s independently operabl e |inipea/RPo2/sizeh a
strong pronoter, preferably to the SV40 early pronoter. However, the use
of respective polycistronic expressidﬂﬂunits will also be possible.

Li kewi se preferably, for all the nethods according to the present

i nvention, .as disclosed herein, the first nucl eoti de sequence, the second

nucl eottérinatioaonee! mmehba In tipréferradi emdodintt m&mha éonBBPélambkit ik nked
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sequence € Ce% ac%d%vnth a third nucleotide sequence which encodes a different selectable

-marker.
Preferably the recombinant polypeptide of interest expressed by the host cell is
erythropoietin, typically hEpo. Preferably the host cell is a mammalian cell, more preferably
a CHO cell.

In a preferred embodiment, the second nucleotide sequence encodes a
dihydrofolate reductase polypeptide. Preferably the recombinant polypeptide of interest is
erythropoietin, typically hEpo.

In a specific embodiment, the present invention provides a mammalian host cell
comprising, integrated, in particular stably intergrated, into one or more of its chromosomes,
(a) a polynucleotide sequence which encodes a dihydrofolate reductase polypeptide and
erythropoietin, and (b) a polynucleotide sequence, which is distinct from the polynucleotide
sequence of (a) and which encodes erythropoietin and a polypeptide which confers
resistance to an antibiotic.

Preferably the host cell is a CHO cell. Preferably the antibiotic is G-418, neomycin
or a different (but similar) antibiotic of the neomycin group.

In a fourth aspect, the present invention provides a method for producing a
recombinant polypeptide-of interest which method comprises culturing a host cell according



di hydrof ol ate reductase pol ypeptide. Preferably the reconbi nant pol ypeptide
of interest is erythropoietin, typically hEpo. In a specific enbodi nent,

t he presewOD oo¥wdsti on provides a mammal i an host cell conmpCirgPnz 13297
integrated, in particular stably intergrated, into one or nore of its
chronosones, (a) a polynucl eoti de segiuence whi ch encodes a di hydrofol ate
reduct ase pol ypeptide and erythropoietin, and (b) a pol ynucl eoti de
sequence, which is distinct fromthe polynucl eotide sequence of (a) and
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to the second or .thi {hd asgects of the invention under conditions that
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causi ng sequence encodmg a selectable marker, which second nucleotide sequence is
amplified when the host cell is contacted with a selection agent capable of causing
amplification of the nucleotide sequence when the host cell is contacted with such
selection agent, and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynucleotide vector except that the second nucleotide sequence is
replaced with a third nucleotide sequence which encodes a different selectable
marker. "
Preferably the recombinant polypeptide of interest is human erythropoietin. Preferably the
second nucleotide sequence encodes dihydrofolate reductase. Preferably the third
nucleotide sequence encodes neomycin phosphotransferase.
The present invention also-provides the use of said composition in a method of
producing a eukaryotic host cell which expresses the recombinant polypeptide of interest.
In the context of the present invention, the preferred or particular embodiments as
described herein are capable of being combined with each other, thereby resulting in further

preferred embodiments thereof.

Detailed description of the invention




anplification of the nucleotide sequence when the host cell is contacted
with such selection agent, and (b) a second pol ynucl eoti de vector having
essent i alwQ oBlogs18ane nucl eoti de sequence as the first polpgnmEPhRG20e
vect or except that the second nucl eoti de sequence is replaced with a third
nucl eoti de sequence which encodes a di§ferent selectable marker.
Preferably the reconbi nant pol ypeptide of interest is human erythropoietin.
Preferably the second nucl eoti de sequence encodes di hydrofol ate reduct ase.
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Expression, as referred to herein, is the production of a polypeptide product from a
nucleic acid coding sequence, typically by transcription/iranslation of the sequence. Expressed
polypeptides may be secreted from the host cell or may accumulate therein; preferably,
expression according to the present invention includes secretion of the polypeptides from the
cells. Expression levels may vary, but are advantageously high; about 1%, preferably 10%, 25%
or 50% or even more of the total protein produced by the cell may be the expressed polypeptide
of interest.

A "recombinant polypeptide" may be any polypeptide which it is desired to produce by
recombinant nucleic acid technology. As used herein, the terms “polypeptide” and “peptide”
refer to a polymer in which the monomers are amino acids and are joined together through
peptide or disulfide bonds. Polypeptide refers to either a full-length naturally-occurring
amino acid chain or a “fragment thereof’ or “peptide”, such as a selected region of the
polypeptide that is of interest, or to an amino acid polymer, or a fragment or peptide thereof,
which is partially or wholly non-natural. “Fragment thereof” thus refers to an amino acid
sequence that is a portion of a full-length polypeptide, between about 8 and about 500
amino acids in length, preferably about 8 to about 300, more preferably about 8 to about
200 amino acids, and even more preferably about 10 to about 50 or 100 amino acids in



cell lines, such as CHO BHK, COS and HelLa cells. Expression, as referred
to herein, is the production of a polypeptide product froma nucleic acid
codi ng sewoeno#18t ypically by transcription/translation ofPCrhPoyeoence.
Expressed pol ypeptides nay be secreted fromthe host cell or may

accunul ate therein; preferably, expréssion according to the present

I nvention includes secretion of the polypeptides fromthe cells.
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whose expression is desired, especially in large quantities.

A "polynuclectide vector" is a nucleic acid vector which may be used to deliver a
nucleic acid coding sequence to the genome of a cell, such that it will integrate therein.
Integration into the host cell genome leads to stable transformation (as opposed to transient
transformation commonly associated with episomal vector maintenance) of the host cell and
may be referred to as “stable integration”. Polynuclectide vectors, which are described in
more detail below, may be plasmids, infectious agents (viruses, virus-like particles, viral
nucleic acid), cosmids, phagemids, transposons, packaged DNA or any other form of
nucleic acid which is suitable for delivery to cells. Typically, plasmids are employed due to
their ease of use, familiarity in the art and freedom from regulatory constraints required for
infectious agents such as viruses. ‘"Integration”, or “stable integration”, refers to the
integration of at least part of the nucleic acid sequences of the vector into the genome of
the host cell or its maintenance in an artificial chromosomal body; at least the first and
second/third nucleotide sequences are preferably integrated into the host cell genome.
Advantageously, the entire sequence of the vector is integrated into the host cell genome.
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herein to t I nt roducti on genetic material into a cell such that the
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host Cﬁ\ﬂéxﬁeé]&)ch syst%ﬁ%"ﬁ?g%?r?phhéﬂé%g slin IRafhé hu8BReRId 5 it€elf amplifiedin
response to selection pressure applied by cognate agents.
Systems which are not usually regarded as amplifiable as such include, for example
antibiotic resistance genes, which encode gene products which confer resistance to
antibiotics such as ampicillin or G-418/neomycin.
The vectors according to the invention possess sequences which are similar apart from
the selectable markers. The first selectable marker is an amplifiable gene; the second need not
be amplifiable. As used herein, "essentially the same" means that the sequences of the vectors,
with the exception of the selectable marker sequences, are identical or nearly so. In practice,
the two vectors are typically based on the same starting vector, in which the selectable marker
gene is replaced. Thus, the remaining sequences will be identical, save for any spontaneous
changes which may occur. Advantageously, the sequences, excepting the marker genes
including their respective control regions, are more than 85% identical; advantageously, 90%
identical; and preferably at least 95%, 98%, 99% or even completely identical.
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sequence enco
way that expression of the coding sequence is achieved under conditions compatible with

the control sequences.

Control sequences operably linked to sequences encoding the POI include
promoters/enhancers and other expression regulation signals, including transcriptional
terminators. These control sequences may be selected to be compatible with the host cell
for which the expression vector is designed to be used in. The term “promoter” is well-
known in the art and encompasses nucleic acid regions ranging in size and complexity from
minimal promoters to promoters including upstream elements and enhancers.

The promoter is typically selected from promoters which are functional in mammalian
cells. The promoter is typically derived from promoter sequences of viral or eukaryotic
genes. For example, it may be a promoter derived from the genome of a cell in which
expression is to occur. Viral promoters may advantageously be used since they generally
direct high levels of transcription. Examples include the SV40 early promoter, and active
fragments thereof, the Moloney murine leukemia virus long terminal repeat (MMLV LTR)
promoter, the Rous sarcoma virus (RSV) LTR promoter or the human cytomegalovirus
(CMV) IE promoter.



anot her sel ectabl e marker, such as an antibiotic resistance gene.
Preferably, the second sel ectable marker is not anplifiable as such. The
vectors, whbiosh4@s7typically circular plasmds, although tirey/mEPay132e7 | i near
are generally DNA nol ecul es. The vectors may conveniently include a
prokaryotic origin of replication tol@ermt their propagation in bacterial
cells such as E. coli. The first vector conprises a first nucl eotide
sequence which is essentially an expression cassette that is capable of
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The first vector also comprises a second nucleotide sequence which is essentially an

expression cassette which when integrated into the host cell genome is amplified when the
host cell is contacted with a selection agent that causes amplification of the nucleotide
sequence. Eukaryotic cells, in particular mammalian cells are capable of amplifying certain
genes in response to a selective pressure, typically an enzyme inhibitor, resulting in an
increase in the numbers of copies of that gene, which in turn increases levels of expression
of the gene. The additional gene copies may be maintained intrachromosomally, or in the
form of extrachromosomal genetic material such as minute chromosomes (for review see
Genes VI, Lewin, 1997, Oxford University Press, Oxford U.K., pp975-978). A well-
characterized example is the dihydrofolate reductase gene which is amplified in response to
methotrexate (MTX). Other examples include CAD gene (encodes a protein which is
involved in the first three steps of UMP synthesis) which is amplified in response to
inhibitors of trans-carbamylase, and glutamine synthetase (see WO87/04462) which is
amplified in response to methionine suiphoximine.

This second expression cassette, as in the case of the first expression cassette

comprises the actually coding sequence of the gene that is capable of being amplified



marker and an E. coli origin of replication are advantageously incl uded.
These can be obtained fromE. coli plasmds, such as pBR322, Bl uescript(c)
vect or orwe ipipt asm d, e.g. pUCL 8 or pUCL 9, which comCaiErobo2h7 E. col i
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second/third nucleotide sequences to be 100% identical since a small degree of difference
may be permitted. For example, the sequence of the two vectors other than the
second/third nucleotide sequences should typically be at least 95%, 98% or 99% identical.
It is nonetheless convenient to use vectors that are identical outside of the
second/third nucleotide sequences because in practice, the same vector is used as the
basis of cloning the first and second vector. For example, a vector lacking a second and
third nucleotide sequence but containing a suitable cloning site may be used to generate a

cloning vector into which a second or third nucleotide sequence of choice may be inserted.

B. Production of host cells which express a recombinant protein of interest

The first and second polynucleotide vectors may be introduced into a suitable host
cells using any suitable technique. For example, uptake of nucleic acids by mammalian cells
is enhanced by several known transfection techniques for example electroporation or those

including the use of transfection agents. Example of these agents include cationic agents
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ic is amplified in respons 0 ectiQn. pressyre, causes ification
of ¢ heSPRRrEL U ade SeRuATRERE S Ak i Pl ARy ot s taE s
encodi agd%srreﬁgminms_ 7n01c2)1|taemzo%h | tanfre availaplefsém ]ctﬁelf[)ﬁmﬁzeras ddpg}sifﬁmog
necessay, or the regigns o e vectors oufsi 0 econ ir
ol eot et e, HiruEVedonn Sepemien ot i B iiaRed Txanunier dRpose of
di f f er gBSignatiGynXATBT PTAIIBH2 aftHe AnBARIrETypeBUIRRNOEIREE0R{ATEE), t WO Vvect or s
ot her than the second/third nucl eotide sequences should typically be at

| east Goskvikmddd 20853, Y an August 29, 3001, Fremplgsed inpgralizeddiimanscdlls e
vect or findd@hichnfay BEGSdOth 1HEITNA BorttiructtandREPBEE bithe Brelent ROEARR

sequences because in practice, the same vector is used as the basis of

cl oni n§rihes inglydg, baweé@éwﬁlﬁﬁd/@cﬁgﬂ(.’8@36‘?".36@59@ €L 2Vebleb? celigciihg a second
and 1 BbfivhinEs LEALLABRAAYERAECL ! 29 UHID . B), M7 BRIasPRAReFLARI(AFCEI € MRy
be used to generate a cl oni nq_ vector into which a second or third

nucl eoBT#2Belihizdeuksmia rellsdA THEYCBl 2AAk & eatcinoma cellsdh &G 6RLdf7 ) host cel | s
whi ch ©%86 &5 Dvardrf aahbmatenPVaintddr Bitk, AMCEEST, Cancer Res, 48:5927-5932

(1988), Raji cells (ATCC CCL 86), WiDr colon adenocarcinoma cells (ATCC CCL 218),
SW620 colon adenocarcinoma cells (ATCC CCL 227), Jurkat cells (ATCC TIB 152),
Namalwa cells (ATCC CRL 1432), HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL
213), RPMI 8226 cells (ATCC CCL 1565), U-937 cells (ATCC CRL 1593), Bowes Melanoma
cells (ATCC CRL 9607), WI-38VA13 subline 2R4 cells (ATCC CLL 75.1), and MOLT-4 cells
(ATCC CRL 1582), as well as heterohybridoma cells produced by fusion of human cells and
cells of another species. Secondary human fibroblast strains, such as Wi-38 (ATCC CCL
75) and MRC-5 (ATCC CCL 171) may be used.

Transfections may conveniently be performed in microtitre plates, but other culture
vessels may be used. Following transfection, cells are typically cultured in selection
medium (i.e. medium that selects for cells that express the selectable marker) to confluence
and then in amplification medium containing a selection agent that causes amplification of
the second nucleotide sequence, such as MTX. Typically, in the case of MTX, the agent is
present in a concentration of about 48 nM (4.8x1 o® M).

Clones are then selected, typically grown in the same or similar concentration of

selection agent and screened for production of recombinant protein by, for example, ELISA



The first and second pol ynucl eoti de vectors may be introduced into a
suitabl e host cells using any suitable technique. For exanple, uptake of
nucl ei ¢ awods/obysTammal i an cells is enhanced by several Ppaod@ro2/ 105 ecti on
techni ques for exanple electroporation or those including the use of
transfection agents. Exanple of thesei3agents include cationic agents WO
03/ 046187 PCT/ EP02/ 13297 -12 (for exanple cal ci um phosphate and

DEAE- dextran) and |i pofectants (for exanple 1ipofectanmlM and
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st rapbl’e t'b use an excess of
t he seaqndsme@hpr in relatlon to the first vector. For exanple, the first
and second vec

xed at.a ra r
(first: seco'ﬁﬁ?' Y'mﬁ%‘?‘ﬁ?‘ﬁ' copFapIREn [H‘?{hf”ﬁ? dtoﬁe@%%iqgrthglrgj oéﬁﬁ%ost cells
are Wﬁﬂ%'ﬁbﬂnaé GHRomBsorfialGiatiifty,reckntiinart protsipredudtisity anttrecombihaoteprGle®  BHK,
CCs and La cells. Particular preferred cells are CHO cells. In a

pr ef er Aeliebodi ment, the host cells are initially deficient for the gene
present in @ﬁt%mo%@ﬁﬁﬂgtaﬁmﬁ/' @@ntbmt@ﬁmmmekmge bs)hcsdlang &kl arirprolatyf i ci ent

in dhfr-are described by Url ub and Chasi PNAS 77: 4216-4220 and
are avandemrestarming ammanalysigobiINACatent sy ‘T'C%OW@LC%% u‘f'ﬁlé?/Dhé\/@aﬂy

deposi G@HeﬁW%ToﬁeQQvWﬁ&%%rgEﬁ@élé’ MOd%rqréﬁﬁpﬁ?\bhd 8 icBr#idsemenoO. ATCC
PTA-3672 at the American Type Culture Col

ectlongJ Rockvi l | e, .
20852, capaiement. Alhasstclones ayg tikely lokalgsestable andiAie OSNeA %ﬁﬁ?éﬁ cel | Ilnes

whi ch t DNARSn2hERARE
i nvent F‘% P%udrﬂtéﬁ%rwlentg é@ﬁh@@'ﬁa&?ﬁ?§El?%i§ﬁt@l%ﬂ%g§@%l@9 gﬁ%ﬁ%o cgl | s (ATCC CCL

121), peient hastcell prier todiansiegtion/and ssleqtiena cel |'s (ATCC CCL 2, 2.1 and 2.2),
MCF- 7 breasﬁe&ﬁﬂﬁﬁéngﬂa ﬁ};&@é@ﬁ(\g&ﬁg{r‘%&)e% §Dé%@]‘\l@es@&h'b%t%§@ CCL

243), KB carcCl nona 80AD ovarian carcinoma cells
(Van dend/8t ¢ultare gupdrnatantivhere thepisteirRsssecrged@sis §oammse fardgw). TRRING cel | s

(ATCC S hgo By BIPE5 R pfghid, fly S 87020 <ol on
cel | s @(éshi@bledBlgivisi@tsiderhtiodto et drly theTadmWtiof ptgin bokihdipagein| of p(quc CCL
Y e
75.1), pmdcé@ai-nértheeddse fo(Bg®C CRL 1582), as well as heterohybridoma cells
D oduced, Dl & B Py TR s bl R ShBenpcon ey
171) neepdwheresklected clones are subjected to increasing concentrations of the selection

agent which causes amplification of the second nucleotide sequence. In the case of dhfr

and MTX, typically initial cloning steps use 10® M concentrations of MTX, increasing up to

10® M concentrations.

Thus, in a further sub-cloning step, cell clones are test cultured in the presence of a

range of concentrations of the selection agent (e.g. MTX) and the recombinant protein titre

determined. Sub-cloning is then preferably conducted at or above a concentration of the

agent where the cell clones do not show a significant increase in protein production

compared with lower concentrations. In the case of Epo and CHO cells, this is about 380

nM (3.8x107 M). In a preferred embodiment, the cells are cultured at progressively higher

concentrations of agent up to the highest desired concentration.

Sub-clones may then be further tested to determine their properties as described

above. Optionally, further sub-cloning steps, typically with increased concentrations of

selection agent (such as MTX), may be performed. In the Examples, a sub-cloning step is

performed in the presence of 1.54 M (1.54x1 0° M) MTX. In other cases the MTX

concentration may be increased as high as or even higher than 10 pM (1x10° M).



Transfections may conveniently be perfornmed in microtitre plates, but other
culture vessels may be used. Followi ng transfection, cells are typically
cul tured woos®@asti on nedium (i.e. nediumthat selects f@®cTEPLY/S320hat
express the selectable marker) to confluence and then in anplification
medi um cont ai ni ng a sel ection agent t¥&at causes anplification of the
second nucl eoti de sequence, such as MIX. Typically, in the case of MIX, the
agent is present in a concentration of about 48 nM (4.8x10'8 M. C ones

are then S%r%&{r%l d@t&@hé% cgnsomhb ?Jehﬁor?@ﬁ‘i@h Qkp@éﬂbére)@%%a%b' on of

sel ection agen Screene ction of reconbi_nant protein by, for
exanpl rate &ldreAterida0 QDWlWeMUﬁEPDQm MIXacpncent@tigR @f é+7xil f| uor escence.

The hi 982%11 Orqb'r% éfe?%qu%bﬁgfbr%ﬁér?ﬁé 45 or d’%eh&@a\f ef iy egs% préferfed®

screen e se clones 'are t urther tested to determne
their tgaowbag:ellsobthenmvempn bave assbstantially identical pucieat BV aeatant fr beei n

producti vit rec | Y Chronosomal stability can
be det%"?rﬁ{“r%o(f??% pr@xgﬁ%ﬁgg@qﬁo@lgeﬁg%% %hferl +é xor phol ogy and/or performng
an anal ysi ity aRidbecdetirable, to adaht I@est celsrof Graipreeentrionsndion tosexurrfzdey si s
Gener al | cl on i,.ch_.have, | C t I
chrom)'§‘8¥r‘é E’Bl‘fﬁﬁye#@‘% he ‘HP.% brf? dﬂ'&stgbj Lrﬁl nﬂq@l})et%cl‘gé/%? bS/rcu tpgﬂ-@é&d are
gener atdilg t6 ebiiiente andeJ‘l@a'mgetuaecgroweanamamtvhmsserwmme rhediemar geassiatynt i al |y
i dentical nuclear DNA content to gra[ﬁnt host Cg‘ﬂl@?'?r or

t r ansf ©EUFIBE SERIP SAICERTREAN toli'c?&%%‘?rr?gﬁ BRI 'S e V"%%FF Bt est ed
by SDSacPa‘b%d {Aé@bmgjéggsgynsmldmureand/or cul ture supernatant where the
protein is secreted (as is the case for %\ stin '¥9n*°3 o(glduct ed at
a range of WAiRcledhogkaplrings pray e %t’%o"%‘?%@f &H“'g #" 4 ?nqc?é desirabl e
to gi vRchppségleration to not only the anmount of prote| n but the pattern of

protein (especially where multiple isofornms, such as differentially
gl ycosyl ated isoforns, are produced, as is the case for Epo). The net hod

of thegi ”VﬁFUténﬁgronuﬁlcﬁ{ ably further conprises one or nore sub-cloning
C

st eps ones are subjected to |ncrea5|ng concentrations of
t he seHe%ttqeﬂﬁ of t’mgermenmn preydeuses taexpiess thetreerMmiipantRIotel o RteIRSEISHER i de

igﬂgemﬁ% {)hné 0. Meth ?cgsﬁfgr g%plggéﬁg P@Qrggygﬂsﬁl)éﬁ uEil}J‘\B'tlﬁﬁéf’eMteUrHo%t ﬁlﬁ?ﬁﬁﬁ% lg'ﬁlgps use
the art. The culture conditions will be selected so as to achieve expression of the
polypeptide of interest from the first nucleotide sequence. According to the present
invention, it is preferred to use suspension culture methods or roller bottle culture methods.
Culturing of host cells for the purpose of expressing the polypeptide of interest may be
performed in the presence or absence of the selection agent (i.e. MTX or the appropriate
equivalent). Preferably, host cells are cultured in serum-free medium.

The recombinant protein may be recovered from the culture supernatant or a pellet
of the cultured cells as appropriate (from the culture supernatant in the case of Epo
expression). The recombinant protein is then typically subjected to one or more purification
steps (see for example Broudy et al., 1988, Archives of Biochemistry and Biophysics 265:
320-336; Ghanem et al., 1994, Preparative Biochemistry 24(2): 127-142) such as affinity
chromatography and/or ion-exchange chromatography.

Preferably in a composition comprising a recombinant polypeptide, particularly Epo,
expressed in and purified from a host cell of the invention, the recombinant polypeptide is
substantially pure, such as at least 90%, 95% or 99% pure.

The biological activity of the purified protein can be determined in vitro and/or in vivo.
A suitable in vitro test is described in Hammerling et al., 1996, J Pharm Biomed Anal

14(11):1455-69, which involves testing for proliferative stimulation of an erythroid cell line.



Thus, in a further sub-cloning step, cell clones are test cultured in the
presence of a range of concentrations of the selection agent (e.g. MIX)
and the rwomnlbidqisnt protein titre determ ned. Sub-cl oni n@CrE&rPOhe97
preferably conducted at or above a concentration of the agent where the
cell clones do not show a significant18ncrease in protein production
conpared with | ower concentrations. In the case of Epo and CHO cells, this
is about 380 nM (3.8x10"7 M. In a preferred. enbodi nent, the cells are

cul tured at, .pro St ve A I r abé f : to the highest
desiré€ SE@?‘PA%H%?’%??%#\YS @éﬁ%ﬂﬁ&ha&%@\c hé’hq%éegg’l’é?%hgﬁﬁﬁysvte Sto det.er m ne
t hei r gatopeininigale dsorpesaticntud &°Fedbtowed bidwidi aatisbf yolydythenie micsub- cl oni ng

steps, typically with increased cancentrati | t (such as
MIX), may e apgﬁe(grregeqpbqﬁ[n?rﬂeggpgﬁ%qnéiq@hilﬁﬂ%mglﬁgsn‘?eﬁ%%gtﬂé'%ai gq&‘)ger f or med
in thepr@ﬂi@iﬁ@wﬁoafcguMﬁlibhmwﬁpligééal'ﬂcﬁﬁﬁae wqaenbmwbtﬁhencmabet he MI'X(
concentration m e jncreased as, hj. as _.or_even hi [ pM (1x10"5
M) . VOeseMine Tk polkeen iR oS fiersst "q‘ﬂﬁ'g'bf’g?‘ét?&6‘?’??3'%?%8?5%5%;"% I's of the
I nvent heppaptide b Mtereesin thpRostesp(BgHoEsiag alseum-fiet eulhire gnexidre whidhan 10

pg/ 106 cel |'s/day at an MIX concentrati on of % 7x10|"7 M orff1.54x10 6 M nore
pr ef er GATRrsgsdRMater; Aplanygerivas Reptene. 39,08pwIlly 1eayiate) a RyYMqreaneYoY, of or r ed
than hgsircE elrifio @kids & lipif etk @R phtufsoR, Hediatabt ifodl, hon-fetuisingsthl ione| ear  DNA
content to the parent host cell prior_to transfection a CHO dhfr-

cel | ) . and opgpr s Viknigs and apfpetors and Aldogg Hot eitqie agy f‘ﬁ'ﬁ@%ﬁesent

i nvent | iges’ NG e ' hdéralongkibnsthani ng step.
Thi s r‘rg@p%ée&g%ﬁl éejrilae{?; l?/tugﬁ? ﬁ@?ﬁg" g@gglggﬁirigglﬁdgﬁhﬁg confolnuen?:e and

r epl acallmy tonexpressioh oftite repembinantalypeptide ef Meesim or gradual |y reducing

Ser UM CONCeBl Bk decdhih BEIyBEYRIcAli IRBRIAR TR AARlatnt Mhomeli o are

al so adapte nsion culture. Selected host cell-lines
may beceymepbescChinesd hamstquovam(Eroyeell. LSudhdechriaugaaie descrihad Hubs. C.

Pr ot ei | ;—q? of the invention may be used to express the
reconb?’ﬁ%ﬁ@g%rg%%t&rﬁn fo 'gidg?derjrr]%gt, such as rhEpo. Methods for expressing
pol ypeEhjtilepoiatin maythespigified froth ¢allstultursl bys(ah remeMingnrost pells; pellulart . The

ol yoeprraat b AL Mot A OURo BRIty 0
t he pressnator folloeetibyrg depth fikratiore fleprie dbtain aslarifiedsquingg wadigon t ure met hods
or rol 'SS;SerRé’t%H; ?b)celtjdj&slfﬂ'\(ga tﬁree%]n%ﬁtivity of the supernatant to 5 mS/cm or less, and a pH

of between about 7.0 and 8.0; (c) applying the supernatant from step (b) to a column

comprising an anion exchange chromatographic medium, washing the column, eluting the

rhEpo from the column, and collecting the peak fraction(s) that contain rhEpo; (d) subjecting

the combined peak fractions from step (c) to a reverse phase chromatography step using a

resin that can be run under medium pressure (< 10 bar) and is resistant to high

concentrations of NaOH, the rhEpo being eluted using a linear gradient of an organic

solvent; (e) applying one or more fractions eluted in step (d) which contain rhEpo to a

column comprising anion exchange chromatographic media, washing the column, and

eluting the rhEpo using a linear salt gradient; (f) selecting one or more fractions eluted in

step (e) which contain rhEpo based on degree of sialylation of the rhEpo; and (g) subjecting

one or more fractions eluted in step (f) which contain rhEpo by one or more size exclusion

chromatographic steps using a gel filtration medium to remove potential dimers and higher

aggregates;-and collecting the eluate containing rhEpo.

Advantageously, the anion exchange medium used in step (c) is the ceramic-based
jon exchange medium Q-HyperD F™, obtainable from BioSepra. The polystyrene resin
used in step (d) is advantageously Source 30RPC™ (Pharmacia), whilst the anion



Cul turing of host cells for the purpose of expressing the pol ypeptide of
interest may be performed in the presence or absence of the selection
agent (i.woOM0¥%18T the appropriate equivalent). PreferablPgT/Hrozi32eel|s are
cultured in serumfree medium The reconbinant protein may be recovered
fromthe culture supernatant or a petflét of the cultured cells as
appropriate (fromthe culture supernatant in the case of Epo expression).
The reconbinant protein is then typically subjected to one or nore

purifi B@W chi ves of

Bi oche%%ﬁ@?egﬁjﬁgﬁéﬁﬁgg‘ %lgbé@)‘(@mf@ra 36; msg.ﬁ?mSg?ﬁa%&e H%\M Preparative
Bi ochemegpijanze("2) Tha gel filiationsmediumaisag in flepyo) i mreiﬁ@bb/d?immmand/ or

i on- exr‘srpJ D3R &8 P aphy. Preferably in a conposition conprising a
recomnbi n nt pol ypgep articularly Epo, expressed in and purified from
a host cel | Sgeh meéhcrda@*nt eenrlquethee@@mnlemmctlpommqmqqus substantial ly
pure, such as at |east 90% 95% or 99% pure. The biol ogical activity of the
purified protein can be determined in vitro and/or in vivo. A suitable in
vitro tlbstprésentivyentidndd deacritedrforthérvdthaefesgnce to das ollowirgaxamplesnwhichnal

14(11) ;14 [Ch 4 Nvol vas t L r.ol i ' ' ation of an
erythr g?’ed‘ﬁ@set%%Ve ?ﬂ@%%b%@@%ﬁ%%&% Q%Eﬂ%bxggﬁeﬁér% e in vivo

t est | emediorantedf the pBsendinventiad.. , 1994, supra, which invol ves

determ ning the incorporation of 59Fe into red blood cells of polycythemc
mce. In a preferred enbodi nent, the present invention enploys cells
cultured by (a) providing a host cell which conprises a nucl eotide
sequen%encodes the reconbinant pol ypeptide of interest and which
di rect ion of the reconmbi nant polypeptide of interest in the host
cell; (b) promatetiszig a serumfree culture nmediumwhich conprises (i) water,

a pl ant der! ved |fijgtone, an osnolality regulator, a buffer, an energy
source, am € a lipid source or precursor, a source of iron,

non- f ehiiése 'ﬁﬁfn%terb@&?l ﬁomm} mmr@rb;atmfe@uwabeabﬂ@em ATeef@nm-goee) sy (i)
does not contain any fu l_le%@ %'g 6%/ eBtldes @%ﬁculturl ng the host
cel | i RayhkeruieRasEcHBRfanHhG KdrPres {Haly ﬂ%eft%?@s't designatiopnoes ? $hAsn of
the r e@ew@bﬂmetﬁx_rﬁe#déaer%bctmme COARLSS (AT(fED)eh%ﬁ\ﬁ?lieY Mm@osez:wm Bant

pol ypepti de of interest human eryt hropoietin. The host cell may be a
Chi nes &ugesiEfefO@Lar y (CHO) cell. Such techniques are described in the
exanpl es segbj emingt Mddis docunent. Erythropoietin may be purified fromcell

culture by (a) renoving host cells, cellular
Cultivation medium: DMEM supplemented with L-Glutamine, 4mM, 10% FCS,

HT (Hypoxanthine, Thymidine), 1x

Selection medium: DMEM supplemented with L-Glutamine, 4mM,
dialyzed FCS, 10% and G418, 0.5 mg/ml
Amplification medium: DMEM supplemented with L-Glutamine, 4mM,

dialyzed FCS, 10%, G418, 0.5 mg/mi, and
MTX (methotrexate), 4.8x10°°M — 1.54x10°M
Freezing medium: DMEM supplemented with L-Glutamine, 4mM,
FCS, 10% and DMSO, 10%.
Serum-free adaptation medium 1:1 DMEM/Ham’s F12, supplemented with:
for recombinant cell-lines: L-Glutamine, 6mM, Soya-peptone/UF, 0.25%,
Hybridoma Supplement, 1x, Pluronic-F68, 0.1%,
G418, 0.5 mg/ml, MTX, 1.54x10°M
Serum-free production medium: 1:1 DMEM/Ham’s F12, supplemented with:
Soya-peptone/UF, 0.25%, Hybridoma Supplement, 1x,
Lutrol, 0.1%, MTX, 1.54x10°°M, Glucose 1g/,



constituents and debris fromthe cell culture nmedium by centrifugation
using a disc stack separator followed by a depth filtration step to obtain
a clarifiwo oskdisr e medi um supernatant; (b) adjusting thecerarduc2ovity of
the supernatant to 5 nS/cmor |ess, and a pH of between about 7.0 and 8.0;
(c) applying the supernatant fromstgyb) to a colum conprising an anion
exchange chronmat ographi ¢ nedi um washing the colum, eluting the rhEpo
fromthe colum, and collecting the peak fraction(s) that contain rhEpo;
(d) subjecting the conbi ned '\E?E'?éofr tli ons fromstep (c) to a reverse
phase chromat ography step usi 5268 that can be run under nedium

pr essWuinsrddir&ading MBdiu I FBSIRVR-1020%,JIMSOp8%ent r at i ons of NaOH, the

rhEpo being eluted using a |linear, gradjent of organi I 3L L)

appl yifagrespmbianhesidinesact i oné'ﬁ&”gg@a met'?@f)x\ﬁﬁl?w?%ﬁgéégﬁﬁRE% to a
col unm conpri sing ani on exchap@e-ChatTaL 6910 M Ic-Asestbiz, Aclas Riosgo? e col um,
and eluting the rhEpo using a |inear salt gragient; (f) selecting one or
nore fractions eluted in ste??ddl&‘ Sﬁﬁ”&fﬁ'éé’?fﬂ@i N‘erhEpo based on degree of
sialylation of the rhEpo; and (g) subjecting one or nore fractions eluted
in step (f) which contain rhEpo by one or nore size exclusion

chr ondtlagmigidenstragteps using a gel filtration nediumto renove potenti al

di nersp%;gn&%gher aggregates;-and coll ecting the eluate containing rhEpo.
Advant’ageously, the ani on exchange nediumused in step (c) is the

cer anmi Thibplesthid emoodes tieacagingregiamefEnayanst the pgomycip hesistABeR 8ene IS oSepr a.
The pol.ystvrene resi i i 30RRPCTM
(Phar e Eiiprd SoosbBEF sach B8 pbiMta of SR PRIGER TSSO RIERE Ol ange
medi ursdigiedicés) Ftesgonsaiiction dutaifsaara iprgvidiekin ixainpled . Sephar ose Hi gh

Per f or nce The gel filtration nmediumused in step (g) is preferably

T
Phar Ro/ ﬂperdex 75 prep gradeTM Such nethods are described in the
exanpl Bfis pReHi®8ndet s cotihyinagidn of Ty andedidnas iwovdifieieohexpesiiartr i bed

further wth reference to t fallqwn X l. i rg dllustrative
only aSRPSREES $aGh ‘{rlcﬁé corftypl ﬁgg}’f‘&ﬁaﬁ}’ Prﬁogerzgpﬂﬁ%&g?@%g? gg't-@epr ef erred
enbodi gaNatrEciith ddigisire peaviddd i aiainpie 2EXAMPLES  Materials Host cell line

Chi nese hanster ovary (CHO di hydrofol ate-reductase deficient (ATCC
CRL-9096). They

Methods in cell culture
Growth of CHO-dhfr’

Dihydrofolate reductase deficient CHO cells (Urlaub et al., 1980, PNAS 77(7):4216-
4220) (referred to as CHO dhifr) are cultivated in DMEM cultivation medium with a splitting

ratio 1:10 twice a week.
Transfection of CHO cells

1-5x10* cells per cm? are seeded in 25cm® T-flask bottles or 96-well plates the day
before the lipofectin transfection is performed. The corresponding plasmids are mixed in the
appropriate ratio, added to the lipofectin reagent (GIBCO/BRL) according to the
manufacturer's protocol (0.5-1 ul/lcm?). Then the cells are overlaid with the transfection

cocktail for four to sixteen hours in serum-free DMEM, before the DNA-containing medium
is replaced with cultivation medium. After cultivation for 24 to 48 hours in the serum-
containing medium the cells are switched to selection medium. Transfected cell pools are
first cultivated in selection medium to confluence and then in amplification medium (4.8x1 0°®
M MTX) before screening the cell culture supernatants by ELISA for Epo production.
Highest producers are determined, the MTX concentration increased two-fold and best

producers used for further cultivation.



have been deposited under the Budapest Treaty under deposit designation no.
ATCC PTA- 3672 at the Anerican Type Culture Collection (ATCC), Rockville,
Ml. 20852y0WUSM4618N  August 29, 2001. Cell culture Medi a Ceicriprar/ixer nmedi um
DMVEM suppl emented with L-d utam ne, 4mM 10% FCS, HT (Hypoxant hi ne,

Thym di ne), 1x Sel ection medi um DVEMguppl enrented with L-d utam ne, 4nM
di al yzed FCS, 10% and (418, 0.5 ng/m  Anplification nedium DVEM

suppl emented with L-d utam ne, 4nM dialyzed FCS, 10% &418, 0.5 ng/m, and
MTI'X (%?E'zlre@’ ﬁ_) d4 8x1 0' 8M -1.54x10-6M Freezing nmedium DVEM

suppl g qds, G utam ne, 4mM  FCS, 10% and DVSO, 10% Serumfree
adapt agli|gp deredting BpclinRhffdvbanaticdsl 2, suppl enented with: for reconbi nant
cell-l1nes: L-Autamne, 6mM Soya-peptone/ Ur, 0.25% Hybridona
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0 and neonyci m resi stance géne as two different expression
cassettes @dch Twaber2tontrol of SV40 early pronoter/term nator sequences.

The Coﬁ?ttlrolﬁct;[uif%p: dﬁ%aﬁ\'/ﬁ (ﬁbﬁa%ﬂ.\“cﬁl%ﬁ-%ﬁﬂ%sﬂinﬁbuffer

Sample buffer: 0.5% alpha mono-thio-glycerol in dilution buffer
Staining buffer: 7.3 g/l Citric acid x 2H,0O, 11.86 g/l Na,HPO,x2H.0O, pH 4.8-5.0
Staining solution: 100p! OPD solution/10 ml staining buffer

5ul H,02/10 ml staining buffer

OPD stock-solution:  PP: L0017

Method

The ELISA method used detects Epo in ng/ml concentration ranges, in particular
with a detection limit in the range of about 10 ng/ml, starting with 500 ng/ml and eight two-
fold dilutions. One monoclonal antibody against the first 26 amino acids of Epo functions as
a coating layer, binding Epo. In the next step Epo is specifically bound by the catcher
antibody. Detection is arranged through a biotinylated Epo recognizing rabbit antiserum.
Visualization is performed by staining with OPD after streptavidin-peroxidase coupling to the
plate.

Immunofluorescence
Epo expressing CHO-cells are inoculated with 5x1 0* cells/200 pl on a cover slip in a

6-well plate and incubated for 24-72 hours. The adherent cells are washed twice with PBS
and fixed for 5 minutes with -20°C methanol, then air dried and afterwards again soaked in

PBS. Unspecific proteins are saturated by incubation with 20% FCS in PBS for 15 minutes

and then anti-Epo is incubated for one hour. The reaction is visualized with anti-mouse 19G
FITC conjugated. The fluorescence is detected by confocal microscopy at an excitation
wavelength of 488 nm and an emission wavelength of higher then 515 nm.

Nucleus size determination

Materials



pEpo/ dhfr This plasm d encodes the coding region of Epo and dhfr as two
different expression cassettes each under control of SV40 early
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reduct ase deficient CHO cells (Urlaubi®t al., 1980, PNAS 77(7):4216- 4220)
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nonocl onal anti body: nouse anti Epo (Genezyme; Cat. code AE7A5) ELI SA
buf fers CoaMeMPdbuifer: 8.4 g/I NaHCO3, 4.2 g/1 Na2COB, pH 9.6-9.8 Washing
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Counter.
SDS Polyacrylamide-Electrophoresis and Western blotting

Materials
SDS Gels: Novex Tris-Glycine 4-20%
Sample buffer: Tris Glycine SDS 2x (Novex LC 2676)
Running buffer: Tris Glycine SDS (Novex LC 2675)
Blotting buffer: Na,B,0O;x10H,0, 50 mM, SDS, 0.1 %, methanol, 20%
Blotting matrix: PVDF Immobilon P 0.45pM Millipore; K8JM8238H
Washing buffer: see ELISA washing buffer
Dilution buffer: 1% milk powder in washing buffer
Detection buffer: NaCl, 0.1 M

Tris-HCI 0.1 MpH 9.5

Method
Epo containing samples are adjusted to 30 ng/20pl in 1x sample buffer with 1% o-MTG and
applied to the SDS gel. At the end of the run, the proteins are blotted to a PVDF immobilon
membrane for two hours and then the Epo is specifically stained with a monoclonal
antibody detecting the first 26 amino acids of Epo. Visualization is done with anti mouse IgG
conjugated to alkaline phosphatase and NBT/BCIP staining.

Isoelectric focussing

Materials



Dilution buffer: 2% PVP (Sigma Cat.No. PVP-40T) in washing buffer Sanple
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FCS in PBS for 15 m nu?@ESttgﬂg)bﬁH@r’(v'&'ﬁ%&-Epo I s i ncubated for one hour. The

react i @mttisg Magixal i zed PVDFIMARSLiloAPUE.85 LYAMVIlibbreCKeoMmBRgsti ed. The
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Nuc! eusifigiPoafrer M nat ik dokeerialashify 8346187 PCT/ P02/ 13297 - 19
Coul ter_ Counter @ Model ZM (Coul ter Electronics Inc.) Coulter ChannelyzerO

Mbdel Dsteatiap byger BACE O LM on: Tes-HT 8.1 MPH9®. 1 M Triton X 100, 2%
El ectrol yt e ppsipdé®n || (Kat-No.844 8011; Coulter Euro Diagnostic GrbH) The

Coul ter_ Counter quantifies particles in size and nunber, that are suspended
in  anEpbeontdining sarpies pieeadivsied to $8@-100Qingr59 i, slesaiase dilwed $ddnsampler ough a

capi |l %Dﬁem&gbplied to the reswollen IPG gel. Running conditions are first one minute 300V,
then linear increase to 3500V and at the end 1 hour at 3500V. During the whole focussing
process a limit of 10 mA and 10W is set. Afterwards the proteins are blotted to a PVDF
Immobilon membrane by diffusion overnight or by electroblot and then Epo is stained
specifically with a monoclonal antibody detecting the first 26 amino acids of Epo.
Visualization is done with anti mouse IgG AP conjugéted and NBT/BCIP staining.

Determination of the DNA content

The DNA content of recombinant cell-lines is compared with the CHO-dhfr" host cell-line by
FACS analysis.

Materials
Washing-Buffer: 0.1 M Tris-HCI, pH 7.4, 2 mM MgCl,, 0.1% Triton X100
Staining Buffer: 0.3 pg/ml DAPI (Hoechst) in washing buffer

Method
5x10° cells are washed in PBS and fixed with ice cold 70% ethanol. Afterwards the cells are
washed twice with washing buffer and then incubated in staining buffer for 30 minutes at
RT. The DNA content is measured with the FACS Vantage (Becton and Dickinson) at 359
nm excitation and 450 nm emission.

In-vitro specificity test

The human erythroleukemic cell-line TF-1 (German Collection of Microorganisms and Cell
Cultures) is growth-dependent on IL3 or hGM-CSF. These cytokines display synergistic
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and then the Epo is specifically stained with a nonocl onal anti body
detecting the first 26 am no acids of Epo. Visualization is done with anti

nouse Teemédirhugat ed Rpmih 40, isopplpeatdatiasemGin NODLBChIRrasistdrin, ng.

| soel ectric focussing Materials WO 03/046187 PCT/ EP02/13297 -20 System
Mul ti phor 11, Amer3REMIBsci ences 1PG Gels: pH 2.5 -7 Reswel ling buffer:
9 g urea, OptibddiAPS, 0.04 g DTE, 0.5 nl resolytes (pH 3.5-10)

The functionality test is performed as a MTT viability test in 96-well plates (Hammetrling et
al., 1996, J Pharm Biomed Anal 14(11):1455-69). Samples are diluted 1:2 fold eight times,
starting with 100 ng Epo per ml in test medium. 50 pl of each sample dilution, standard
dilution or blank are transferred to the 96-well testing plate. TF-1 cells are washed three
times with cold PBS and adapted to 2x10° cells per ml in test medium. Each well of 96-well
test plate is overlayed with 50 pi of the cell suspension and these cells are left for 72 hours
in the CO; incubator. Afterwards 10 pl MTT solution (6 mg/ml in PBS) are added and
incubated at 37°C for 4 hours. The dye is dissolved with 100 pl SDS/HCI (10% SDS in 0.1
M HCI) for another 4 hours in the dark and the Epo dependent viability is photomerically
determined at 550/690 nm.

Example 1 - Construction of plasmid Epo/neo
1.  Construction of p2-neo
1.1 Preparation of the vector fragment from pSV2neo containing the SV40 early
promoter
The basis of the vector construction is the pBR322 plasmid backbone contained in
pSV2neo. The smaller EcoRl — Pvull restriction fragment includes this pBR322 backbone
and the neighboring Pvull — Hindlll fragment from SV40 bears the relevant fragment of the
SV40 early promoter.

Plasmid pSV2neo (ATCC 37149) is cut with the restriction enzymes EcoRl and
Hindlll. The two resulting fragments has a sizes of 3092 bp and 2637 bp. The 2637 bp

fragment consists of an EcoRl — Pvull restriction fragment including a pBR322 backbone
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er yt hr OligoBoegial : cdbhgthi 88maiF- 1 (Ger man Col | ection of M croorgani snms and

Cell CQultures endent, on IL3 or hGW CSF. Th ki nes
di spl a3~ 99389@%‘@??‘%%@%% %898”‘7 SECAREEE 13007 - 21 826, Y NBd
5 Hindlll: aagctt - g (= pos. 2846 in pSV2neo) ttgggaagccctg............. SEQ. ID. No. 2

Oligo 2004-02: length: 42mer
5°- ggg gaa ttc act agt gag tcc cgc tca gaa gaa ctc gic aag - 3° SEQ. ID. No. 3

gaatic actagt- g (= pos. 1938 in pSV2neo) agtcccgetcagaa...... SEQ. ID. No. 4
The amplification prodUct of primers 2004-01 and 2004-02 is prepared by PCR using Pwo
polymerase (Roche Diagnostics). The parameters for the process are: 20 ng of pSV2neo,
10 pmol of each primer, 10 mmol dNTPs, 2.5 U Pwo polymerase in the supplied buffer to a
total volume of 50 pl; temperature profile: 5 min 95 °C, 35 times (30 sec 95 °C, 20 sec 65
°C, 90 sec 72 °C), 3 min 72 °C, cooling at 4 °C until further use.

The resulting DNA fragment of 935 bp is purified by DNA isolation columns (Mini,
Wizard Promega GmbH), digested with EcoRl and Hindlll, and purified via an agarose gel
and eluted using Spin Columns (Supelco).

1.3 Construction of p1-neo

The amplified EcoRI-Hindlll neo gene fragment is ligated to the EcoRI-Hindlll vector
fragment from pSV2-neo using Ligation Express (Clontech) and transformed into an E.coli
host (E.coli SURE (Stratagene)). Transformants are selected by growth on LB medium

supplemented with 50 mg/l ampicillin.



effects on proliferation, while Epo can maintain the viability for sone
time. The cells are routinely grown in GW CSF and Epo contai ni ng

cul tivatiwpoedilem Test Supplenments Cultivation nedium RPVIEPAGA97

suppl emented with 4mMM G n, 10% FCS, 20pg/m transferrin, 10pM beta-

mer capt o- et hanol, 12ng/m rhGW CSF, -84k m rh Epo, Test nmedium RPM 1640,
suppl enented with 4nM G n, 100pg/m transferrin, 2ng/mM BSA Methods The
functionality test is perforned as a MIT viability test in 96-well plates

Hanmer | in t . 199 | es are
((ji luted 1: gpﬁgﬁnﬁwaﬁﬁ lsPFa;tr%d;frggactl retlé aﬁx'arecﬂe@%% tyé%gljn%nléﬁgws@n%smfﬁgﬁh

medi UPpluEQédal (ﬁahgemim 662527Ebp1|7180tbmd 251ahpjmsﬂ>ect1klrdly)t |Ft|msnmdhbljanﬁ are
transferred to the 96 testin ells are washed t e

e BNAG SbeMinoRBe SRR e e RN i e ehrked By pofdti i BEVERAASE S £ach
vel | ofhe%@méRlidts. Apidsnitdi BINA E6ntainiig @V@ﬂlewsl\ﬂloéé)rl)ppbroﬁfotéﬁmda&lohqyskls pen5| on
and these cells are left for 72 hours in the CO2 incubator. Afterwards 10

pi  MrTresistancegengds depignatedhappdine®r e added and i ncubat ed at 37C for 4
hours. 1-Ehep%éﬁor¢b§ﬁ:‘é|§\?4bt@rmhétm|@ .&m&&m WDS in 0.1 MHA)

f or anot her ours in the dark and the Epo de ent viability is

phot onmBERcrrirers aedesignaskie mpl%eﬁmmenmnuelﬁa Se75ﬂ to 1é8ﬁ)s?frth%§|\/69 of

pl asm t, 0 tor

P agelo RO fegich o E8ERH U8Y2AB0 O BB primat ARSEAHARS tostibnREL Of
vect or far Spst. rincadddlnn ite thenBapBRsik2alpdaglyrindudsdat p@aléomam af PRYR-NAC apSVv2neo.

The s EcoRl

packboREoPLHIE 1 hofurbHbls EGoblrElpaR rfrRRRAH B A AubROREFETRG. ¢ ¢ e
r el evapdgidrt RGABHMHIf Thédsequviéds ehtheytwppaimetsare d§|faﬂmva:l pSV2neo (ATCC 37149)
Is cut with the restriction enzynes EcoRl and HindlIl. The two resulting
fragments has a sizes of 3092 bp and 2637 bp. The 2637 bp fragment

consi stthig®bo@ 05COR -1yl Uomest ri ction fragment including a pBR322
backbone WO 03/ 046187 PCT/ EP02/ 13297 -22

- ggg gac tag ttt gtg aag gaa cct tac tic tgt ggt gtga - 3° SEQ. ID.No.5
5" Spel:  actag - t (= pos. 1598 in pSV2neo) ttgtgaagga............. SEQ. ID. No. 6
Oligo 2004-06: length: 46mer
5’- ggg gga att cgg agg gdq atc cag aca tga taa gatacatigatga -3’ SEQ. ID. No. 7

The amplification product of primers 2004-05 + 2004-06 is prepared by PCR using Pwo
polymerase (Roche Diagnostics) as described above. The resulting DNA fragment of 873
bp is purified using DNA isolation columns, digested with EcoRl and Spel and gel-purified.
1.5 Preparation of p2-neo
p1-neo plasmid DNA is digested using EcoRl + Spel. The resulting linearized fragment is
purified, ligated with the amplified fragment containing SV40LTpolyA/IVS and transformed
into an E.coli host. Transformants are selected by growth on LB medium supplemented with
50 mg/l ampicillin.

Plasmid DNA is isolated from clones and checked by restriction analysis using EcoRl
(1 fragment of 4411 bp) and Ncol (2 fragments of size 3631 bp and 780 bp) and Sphl (3
fragments of size 3499 bp, 840 bp and 72 bp). Plasmid DNAs showing the expected
fragments are further checked by sequencing relevant parts of the constructs. A plasmid
DNA containing a verified SV40LTpolyA/IVS is designated as p2-neo.
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The amplification product of primers 2004-07 + 2004-08 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 365
bp is purified using DNA isolation columns, digested with BamHI and Notl, and gel-purified.

2.2 Preparation of the pBluescript vector part

pBluescript Il SK+ DNA is sequentially restricted using BamHI and Nofl, respectively. The
DNA is dephosphorylated using alkaline phosphatase. The BamHl/Nofl fragment is purified

from the small fragment via agarose gel electrophoresis prior to ligation.

2.3 Preparation and verification of plasmid p3

The amplified BamHi-Notl fragment containing the SV40 early promoter is ligated into the
prepared pBluescript Il SK+ vector using T4 DNA Ligase (Promega GmbH). Plasmid DNA
from E.coli SURE (Stratagene) transformants is isolated and purified from colonies on LB
medium supplemented with 100 mg/l ampicillin.

Resulting DNAs are checked by restriction analysis using EcoRl plus Ncol (2
fragments of size 3039 bp and 253 bp).



plus Ncol (3 fragnments of 2527 bp, 780 bp and 251 bp, respectively).
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sequenci rgorglogsasnt parts of the constructs. A plasm d DREA&TEPYE201 Ng a
verified Sv40early pronoter and neonycin resistance gene is designated as
pl -neo. 1.4 Preparation of the Sv40 tgsm nation regi on SV40LTpol yA/ I VS PCR
primers are designed to anplify a fragnment (nucleotides 751 to 1598) of the
SV40 term nation region present in pSV2neo The upstream primer al so

contains a restrict.i Spe addi n site

al ready i ncl Wﬂé’&asﬂ'dwst W'%ﬁ"e %pﬁgﬁ?ﬁ B’eﬂf? gﬁé%r&]etrgﬁ?gégg i nt r oduced
BNl - TG SeaUEnees of h fup ol mere are e fallows: O g0 2004 05
Iengthco‘rr!l,]I %‘ee‘?g@‘ﬁ Rj%‘im'fjdﬁg%'g ad%%a%a gaa cct tac ttc tgt ggt gtg a -3'
SEQ ID. No. 5 5' Spel act ag - t (= pos. 1598 in pSV2neo) ttgtgaagga
............. ., 6 O /go 2004-06: |ength: 46ner 5 - ggg gga att
cgg agg gg&%‘@%@’%ﬁ“@&?%gat aca ttg atg a - 3 SEQ ID. No. 7 5
EcoRl /BanHi: gaattg -.q (= pos. 751 in pSVZneo)gatcc agacatgataag.... SEQ

ID. No. 8 The arrpllflcatlon product of priners 2004-05 + 2004- 06 |s
prepar St bysoHDRnlmmthllWA WItﬁbT@IEQl%%%QQIROChe D| agnostl cs) as descri bed

b Th |& f
Dot e ST B AR A PP B EPfango,
?L epar albm)uhew.‘a;rﬂar Kmmkaﬁhm@rqﬂpﬁlamch mbib-p]l?asid: g@ahcardct)ﬂ,mengl al;ﬁdcg?lanu—:lu@lp_e:c »
e resulting linearize me urifi a ifie
f r agnme ot ?}’gﬁ?tr?r 5”@/&6‘”"5’8%}'37"9 O?WE% formg gwaﬁ%t-%g li\brlue éﬂ'ﬁ%l host .
Tr ?PSf WtﬁlﬂNIl /;swan@céusl @ewumdmmdm afrchloaofnnni,u fullnvmdow esntriftigationj t h 50
anpicillin

ones and chec
1Ot Bpetese saBon o an Agpaus; YA ERAG a0 2R Fatite MR AR (-
f ragme%g ar@fiorbbiZfe 360|§§)pﬁé”ﬂé th8 RNMi: p@étﬁblﬁlﬂéﬂ witBisopropginaeshsl, Wasﬁede 3499
bp, 840 p and 72 bp). Plasm t he expected fragnments are

f ur t heWitbigdanel aydr ?@W@FH@’WP%%&WR%F& WgfeTt he constructs. A plasmid
DNA cont ai NiHighah RiGhdy nsdde Qiemcar%ﬁﬂ i srﬁalqﬁ&wﬂir@éh mﬁoL@Bm pdiO

03/ 046%:glfst|?acl?l_e/:rEchr12t£lfluggg 7(1 7éxg/1 0 mﬁl) ar%) 'phset .—reg&%.r'\é) Bel%ft is was%‘ned thr%e times with
PBS. Then the pellet is resuspended in PBS, aligoted in sterile tubes, frozen to -196°C and
stored at —80°C until further use.

The frozen tissue is lysed by addition of 1 ml TRIzol® reagent, homogenized and
incubated at 15-30°C for 5 minutes to ensure complete dissociation. After addition of 200 ul
chloroform, shaking the tube and incubation for 2-3 minutes at 15-30°C the tube is
centrifuged at 12000xg for 10 minutes. Following centrifugation, the upper aqueous phase
is carefully transferred to a fresh tube mixed with 500 pl isopropyl alcohol and incubated at
15-30°C for 10 min. The precipitated RNA is centrifuged (12000xg, 10 min), the pellet
washed with ethanol, centrifuged again, airdried and dissolved in RNAse free DEPC water.

Total RNA content is measured photometrically at 260 nm.
1 OD2gonm = 40 pg RNA/m

By evaluating the ratio of OD2gonm and ODagonm (Maximum absorbance of proteins) one can

estimate the purity of the RNA isolation. It should range between 1.6 and 1.8.

3.2 mRNA isolation with Dynabeads Oligo (dT)25



2.1 Preparation of the SV40 early pronoter fragnent Plasm d pSV2neo is used
as a source for the SV40 early pronoter fragnent. The fragnent size is

al nost i dwptoBo#adi18T1 o the one used in constructing the p2 plPasmpPdyi132bbwever
the ends of the fragnent are nodified to introduce recognition sites for
BanH and Notl. The oligonucleotide-28tners used to anplify the pronoter
are designed as follows: Aigo 2004-07: Length: 38ner 5 - ggg ggg atc ctg
tgg aat gtg tgt cag tta ggg tgt gg - 3 SEQ ID. No. 9 5 BanH: ggatcc -
t (= pos. 10 digo
2004- 08: Lengﬁdé&gg%\@ag@?)a%ﬂ&ﬂ%lﬂmg lgtg%m%a)(r:s hybﬁﬁ@ag&gg%mgag cct agg cct
cca aapolyadenosinelail BNA) of epkanyotic mBNﬁsto supermagnetieydelystyrene partigles. 3093 in

SV2ne t I duct of
ot mor ryieEs $E53888 e crlis of diouhymichand BvaAeHRl ddefod Rng 00 P
Di agnosirfars) MRNA bewtt tolileel maigoetic badrs caphel sepaptdusing adhial megng®5  bp i s
pur i f| ﬂ?&%g’gﬂc%@; kﬁg INTICE olums, digested with BanH and Noti, and

gel - A0 8 of the pBl uescript vector part pBluescript
I SK+ DNA i s sequentl ally restricted using BanH and Noti, respectively.

fr agrel o BSgleT o Trorct HETaRaHT o T Lsh B AR B g
el ect r oiBiA@iRG BuPed or t o | TIGRHCPPO mM, pH7,6pECET mdd) EDTA 2enif i cati on of

plasm d p3 The anplified BanmH - NOEL fragment containing the SV40 early
pronoter is ligated into the prepared pBluescript Il SK+ vector using T4

DNA Li gesfo {.&Eapfmmmldb pl ﬁ&tseachswgo f(dngmr&s@paratesmaﬁyﬁaawme)

transformants is isol ated an BUI’I rom colonies on LB nedi um

suppl edshwashed ticerwith Bywashing puifer. Meanwémqq' RYADR&gIusted orfovalgne 8

restrisho Qrwe# WasKiny BLifér drcddnalred b bét%n eftreeg@wtzﬁmmutéd TRestied bp
and 253 bp). WO 03/046187 PCT/ EPO2/ 132 7 5 Two plasm d DNAs show ng the

expect BMAfis smjxachwith meé)epds,tln@pbaé%ekr@amuympg@émemwmtmﬁ andsgeparriad of t he
Sv40 emrthx Hh ﬁgb@@ ﬁ{eeoe}%g%@g@egém.@nﬁwwagﬂﬁg bu@@r Theul d be verified.

The plasm esi ghat e tion of hunman Epo cDNA 3.1
| sol at P@Madﬁnﬁm%RN%eMdefrqrmﬂZ@ Dypalpeadscligo (dT)zs by lnCUbathﬂ with elution

buffer (2 x 10 pl) for 4 minutes at 65°C. Dynabeads are separated in the Dynal MPC® and
the supernatant is immediately transferred to a new RNAse free microcentrifuge tube. The

eluate is used directly for reverse transcription.

3.3 Reverse Transcription
The specific primer for Epo is denatured by 4 min incubation at 80°C and the mRNA
is denatured by 5 min incubation at 65°C. The following components are added to a sterile

1.5 ml microcentrifuge tube on ice:

Reagent Final
concentration

mRNA 10 pl
MMLYV (200 U/pl) 0,25 pl
Boehringer PCR buffer (10 x) 2yl
dNTPs (10 mM) 2l
MgCl; (50 mM) 1l
Epo for (100 pmol/pl) 1 ul
DTT (0,1 M) 0,25 pl
RNAse inhibitor (40 U/pl) 0,25 pl
Hgo 3,25 Lll

Incubation: 60 min 37 °C



TRI zol (r) reagent, used for isolation of Epo RNA from human ki dney tissues
(obtained fromthe Lainzer Krankenhaus hospital) is a nono-phasic solution
of phenolwarnd/ogigni di ne isothiocyanate. During cell |ysi ®CyEeat/di2oe

i sot hi ocyanate forns a water-soluble conplex with RNA while cells are

di srupted. Addition of chloroform f-a7owed by centrifugation, separates
the solution into an aqueous, RNA containing and an organic phase. After
separation of the aqueous phase the RNA is precipitated with isopropyl

al coholln t%%@ﬁ'd with gthanol ,ypidzdried and resuspended in' RNAse free

wat er . Hunman Ki dney tissue fragnents are cut into small pieces, forced
through a 100 pm cell strainer, centrifuged (1 79xg/1 0 mn) and the
resulting pellet is washed three tines with PBS. Then the pellet is
resuspgndeg .} j in sterile tubes, frozen to -196C and stored
at -80 Hung?{,)}?{,?%gﬂ%g%%s ’l('a frozen tissue is |lysed by addition of 1 ni
TRI zol (r) rEkgtlibwingoonpementsdraadded tocaisietied .2 ml friicr8Gadtiifoge fubeiaidfes t o
ensure | et.e dissociation. After addition of 200 pl chloroform shaking
t he tuBéﬂar%&%f“ﬂ%BfﬁIi'sg%&‘#’%?wz3 m nutes at 15-30C the tube is centrifuged
at 1 2000xg for 10 m nutes. Follow ng centrifugation, the upper aqueous
phase —-s——catrefuy—t+ransterred—toe—a—fresh tube mxed with 500 pl isopropyl
al cohoRea9RM ncubat ed BP® 15-30C for 10 nin. The precipitated RNA is

centri i+ T2000XTQ, 5 une pellet washed with ethanol, centrifuged
agai n,Téa*?gﬁﬁed and diglgrg)lmv dslﬁnI RNAse free DEPC water. Total RNA content
i s neaeelymerasiot orret ri ¥ani W @560 nm 1 OD26onm = 40 pg RNA/m By

eval ua i o] e pyd: alalil OD28onm ( maxi mum absor bance of

pr ot e?ﬁ% S%agsgﬁgkes???rate t he gu |l)ty of the RNA isolation. It should

range and 20BuMd2m@) nRNA i sol ati on with Dynabeads Qigo (dT)25

WO 03/ {’% 0 EP02/ 13297 -26 Dynabeads Qigo (dT)25 nRNA DI RECT kit
ri

enpl oys I'Zation of the polyadenosine tail RNA of eukaryotic nRNA to
super nBgmet for (1ppMy st y8erM (1B ti cl es contai ni ng 25 nucl eoti de | ong chai ns
of deoxy- 1 C y attached to their surface. nRNA bound to
t he méﬁ@%?%%gigzﬁ\@an %ghg(gglbir ated using a Dynal nagnetic particle
concenbDM&®r (Dynal MPC(r)). Washing buffer Tris-HCl 10 nM pH 8,0; LiC
0,15 nMOEDTA 1 nmM 2 x ?knﬁ“ ng buffer Tris-HC 20 mM pH 7,5; LiCl 1 mM
EDTA 2 M 765 ¢

PCR cycle

1 Denaturation 95°C 2 min
2 Denaturation 94°C 45 sec
3 Primer annealing  58°C 30 sec
4 extension 72°C 1 min
5. finish extension 72°C 10 min
6. cycles 30

The PCR amplification products are analyzed by agarose gel electrophoresis.

3.5 Agarose gel electrophoresis

6 x BX buffer bromphenol blue 0,25 %; xylene cyanol 0,25 %, glycerol 30 %

TAE buffer Tris base 242g; glacial acetic acid 57,1 mi; EDTA (0,5 M, pH 8,0) 100
ml; adjusted to 1000 mi H,O

Lambda-Marker 11 10 pg bacteriophage Lambda-wildtype-Dann
(2,5 pl Hind Il + 2,5 pl Eco R 1 + 20 pl buffer R (Fermentas) filled up
with H,O ad 200 pl;



For 10 pg of total RNA, 100 pl Dynabeads oligo (dT)25 are separated in the
Dynal MPCO and washed twice with 2x washing buffer. Meanwhile total RNA is
adj ust ed wo oa/ovaBune of 200 pl with 1x washi ng buffer anecadarar/2ed by

i ncubation at 65C for 4 mnutes. Then the RNA is mxed with the beads,

I ncubated at roomtenperature for 5 m@8wutes and separated in the Dynal
MPC(r). The beads are washed twice with 1x washing buffer. The

pol yadenyl ated RNA is eluted fromthe Dynal beads A igo (dT)25 by incubation

with elution buffer %I\%g%ggaé%ea{egr ¢ i SBLE idctifREa; % i, y\ﬁﬁf?

separated in the Dyna e supernatant 1s

transferred to a new mnabaxmwmldfembentrl fuge tube. The eluate is used
directly for reverse transcription. 3.3 Reverse Transcription The specific
primer for Epo is denatured by 4 mn incubation at 80C and the nRNA is
denat ungaghnsd and 99gricTAEthuffier ate 1GBlEd il frﬁdrbwaver@/amm%down tore added to

A 18P B9t St iRPIEme A HEw P el mIEan s S By pE S Tt O
?gﬂ'i’s gMeIB apd runNb gkl?ﬁﬁliﬁlfft&%t 100F300 \Etm afppromﬂél@lyﬁm)inirp U?PéhldWig orDTT
I néubmhedﬁngtb(f}’f Fﬂenﬁgm%@%%%ﬁ d /%5563? %xgnfams %gyf’ﬁ[ﬂ%@ %89 on:

mn 10%@2311145 wkwﬁéamrmh@dtmnrcﬂw feagnidras fsdsedioncongpapienewltis aar e added
to a sterile m crocentrifuge tube at 4C. PCR conditions are |isted
bel ow. p@ﬁg/éﬂmd @ﬁbgest molecular weight standard.

3.6 Preparation of PCR products and vectors for ligation

3.6.1 Restriction of Vector DNA and insert for sticky end cloning

10u of restriction enzyme and appropriate restriction buffers are mixed with 1pg
vector DNA and insert according to manufacturers instructions. The mixture is incubated at
37°C (30°C for Smal) between 30 and 60 min, depending on the enzymes used, vector and
insert. Then the enzyme-is inactivated by heating up to 65°C for 10 min and the reaction

mixture is analyzed by agarose gel electrophoresis.

3.6.2 Ligation

plRESneoSV40 vector

pIRESneo vector (Clontech laboratories) contains the internal ribosome entry site

(IRES) of the encephalomyocarditis virus (ECMV), which permits the translation of two open
reading frames from one messenger RNA. The expression cassette of pIRESneo contains
the human cytomegalovirus (CMV) major immediate early promoter/enhancer followed by a
multiple cloning site (MCS), the ECMV IRES followed by the neomycin phosphotransferase
gene and the polyadenylation signal of the bovine growth hormone. In this vector the CMV

promoter is replaced by the SV40 early promoter.

Vector and PCR product are ligated with T4 DNA ligase. For optimal ligation approximately
20 ng vector and 200 ng insert (depending on the length) are used in a molar ratio of about
1:10 and mixed with following reagents in a total volume of 10 pl H;O. The incubation is



Tenpl ate cDNA Epo 5 pl polynerase Vent 1 U (0,5pl) polynerase buffer Vent
buffer 1x (10pl) (10x) 200 pM (2pl) dNTPs (10 MM MgCl 2 (50 MV / Pri mer
for (10 pWp o30p8T 3pl) Primer back (10 pM 30 pM (3pl) DPuUB@PI2/1320 76,5
p/] PCR cycle 1 Denaturation 95C 2 mn 2 Denaturation 94C 45 sec 3 Priner
anneal ing 58C 30 sec 4 extension 72C26-mn 5. finish extension 72C 10 mn
6. cycles 30 The PCR anplification products are anal yzed by agarose gel

el ectrophoresis. 3.5 Agarose gel electrophoresis 6 x BX buffer bronphenol

ol aci aPeReltrd SERERENTIG Moty R A 165 Ro b FeBHEIRSI,S 6a”ro” 1000
mM  H2Oihcubhtien Meg3Erfot 10 miutesyy bact eri ophage Lanbda-w | dt ype- Dann (2,5 pl

Hnd Il +2,5pl Eco RI + 20 pl buffer R (Fernmentas) filled up wth H20
ad 200 pl; WO 03/046187 PCT/EP02/13297 -28 1 h at 37C digested, 20 min at

65 C inacti vabﬁ'ntsuppl enent ed FinkhaméGn! BX-1 oading buffer) 1 g agarose
and 99g 1 x | ) ven, cool ed down to
appr oxi mat el Ye@oOPHrESReasiY4Ment 8Ngi th 3 pl of ethi di um broni de stock
sol ution (10|nsg,g/(%c§. CGels are IEGOBB IXTAE buffer at 100-300 V for

approxinatel¥ dependi ng on

4 DNA Ligase 1U (1 pl)
Buffer (5x) 1x (2 pl)
H.O ad 10 pi

3.6.3 Bacteria and culture media

JM109 (Promega, USA)

LB-medium peptone from casein 10 g; yeast extract 5 g; NaCl 10 g, adjusted to
1000 ml with H,O and set to pH 7,0 with 5M NaOH

LB agar 15 g agar in 1000 mi LB-medium

LB-Amp 100 pl ampicillin (100 mg/ml) in 1000 mi LB-medium

SOC medium bacto tryptone 20 g; yeast extract 5 g; NaCl 10 mM; KCI 3 mM; MgCl,

10 mM; glucose 20 mM, MgSO, 10 mM

3.6.4 Transformation using CaCl,

Preparation of competent bacteria (JM109)

10 ml of LB medium is inoculated with E.coli (JM109) and grown overnight at 37°C. 4
ml bacterial culture is diluted 1:100 in LB medium and grown until having reached ODago nm
of 0.8. Bacteria are centrifuged at 4500 rpm for 10 min at 4°C and the cell pellet is
resuspended in 10 ml 0.1 M CaCl, (4°C)/50 ml bacterial suspension used. The cells are
centrifuged, the pellet is resuspended in 2 ml 0.1 M CaCl, and aliquoted to a total volume of
100 pl, frozen in liquid nitrogen and stored at —80°C.

Transformation

In pre-chilled 17x100 mm polypropylene culture tubes 5-10 ng plasmid DNA is added
to JM109 competent bacteria, gently mixed and put on ice for 30 min. Then the cells are




the length of the DNA fragnents to be separated. Each | ane contains 10 pl
sanple mxed wth 2 pl 6 x BX buffer. Identification of DNA fragnents is
based on wormmpasdi8on with a Lanba/H nd 111 digest nol ecul aCT@EPOYIX297
standard. 3.6 Preparation of PCR products and vectors for ligation 3.6.1
Restriction of Vector DNA and insert.ggs sticky end cloning 1 Qu of
restriction enzynme and appropriate restriction buffers are mxed with 1 Rg
vect or DNA and insert accordi ng to manufacturers instructions. The m xture

I s incubated at 30 Q~an pending on the
enzynﬂ%ealﬁ@ﬂ"ke\%fef %g é S"h@&falte L%’Weaﬁ ef(ﬁ‘éR'e 93@%0 Shlglr(lﬁg @at ed by

heat i nghmddidtelyGiéeddosn it fcmmnmdes: TRe eaopl soc medimmns&addsedanalhg/m by
agarose gel electro hor esi s, }3)% ,;? {3& | f SneoSV40 vectgél pl RESneo
vect oranddngyRated for P37 e pe 6‘?1? %1 H! ofhagteng SUpRlIsion QD site

(I RES) |Q{est he encephal onyocardl tis virus (ECW), which permts the

transl atlon of two open reading franmes from one nessenger RNA. The

expressi on cassette of plRESneo contains the human cytonegal ovirus (CW)
maj or imredi ate early pronoter/enhancer followed by a nultiple cloning

site (469 . stieenkc™Mid Z3Ediilkh srirPoulfubss neonyci n phosphot ransferase gene
and t he pol'yadenyTati1on signal of the bovine growh hornmone. In this vector

the CW prmmptoﬂlin iesistacalonids lye streer@difor twrihserfeddibvd agmeeichyoPCBnd PCR

20" ng.peBnaHe drttott Rl R bRt B AR TRy LR RN Y

m): ar éﬂ} whh @I)ecﬁﬁ@p'ﬁmerk ab@w@ﬂttt)hemlmmd DA Ifra@m}ehb(aemgelow)a?ensmv/e wlmlemt al

vol unme of 10 ubation is 03/.046187, PCT/ EPQ2 -29

per for sty BOBLAMBHiooANA BeNSmE 2gafpse SoATEcRRIIP exle: TPPgRGRon g a1

heat - i hi3 BB%QBWLbyAmp Rfedhmt fop furéier @haly§ie land@|a§h1‘wplﬁmcaﬂi2ﬁagenturlﬁena$e anount

Vect or c;) SneoSV40) - 20 n )Pd) %% R’ B% J u (1
@tprqggxy m] of g%lrﬁp)bac g@cg[sgurfas é“l ed with pi glycerin 7o) @n ore

Pl)
at —80°C.

3.6.6 _Wizard® Plus SV Minipreps DNA Purification System

Cell resuspension solution  Tris-HCI 50 mM, pH7.5; EDTA 10 mM, RNase A 100 pg/ml

Cell lysis solution NaOH 0.2 M, SDS 1%

Neutralization solution guanidine hydrochloride 4.09M, potassium acetate 0.759M;
glacial acetic acid 2.12M, pH 4.2

Column wash solution potassium acetate 60 mM, Tris-HCI 10 mM, pH 7.5;

ethanol 60%
2-3 ml LB-Amp medium are inoculated with a single colony and incubated at 37°C over
night. The solution is centrifuged (12000xg, 5 min) and the resulting pellet is thoroughly
resuspended in 250 pl resuspension solution and then 250 pl of cell lysis solution, mixed by
inverting the tubes 4 times and incubated at RT for 1-5 min. Thereafter 10 pi of alkaline
protease solution (incubated at RT for 5 min) and 350 pl neutralization solution ware added.
The tube is immediately mixed by inverting it 4 times and the bacterial lysate is centrifuged
at 12000xg for 10 min at RT. The cleared lysate is transferred to Spin Columns and
centrifuged (12000xg, 5 min) and the column is washed twice with washing solution (750
pl/250 pl). The DNA is eluted with 100 pl nuclease-free water.



3.6.3 Bacteria and culture nedia JMLO9 (Pronega, USA) LB-nedi um peptone
fromcasein 10 g; yeast extract 5 g; Nad 10 g, adjusted to 1000 mMl with
H20 and swO Bo4qiBY 7,0 with 5M NaCH LB agar 15 g agar in 10@0@/EP02/LBITrEdi UM
LB Amp 100 pl ampicillin (100 mg/m ) in 1000 m LB-nmedi um SOC nmedi um bacto
tryptone 20 g; yeast extract 5 g; Na€B140 mM KCI 3 mM MWCl2 10 mM

gl ucose 20 nM MSO410 nM 3.6.4 Transfornmati on using CaCl2 Preparation of
conpetent bacteria (JMLO9) 10 mM of LB nediumis inoculated with E. coli

(Jl\/ll 09)s. 2ad Q& veLshiget at 37C. 4 m bacterial culture is diluted
10 m—EB‘%Eﬁﬁ%—{m@—gT—om until having reached ObD26o0 nm of O.8.
Bact erl a amhe mhéufsuqee@ho@ts a%e&quamd By IBLO(GBrasdvlrf, AGstAaparid sy cel | pellet
resus ende(z W laBlll 4C / 50 bact eri al sus i on used.
The ceﬁeé‘ Bf&ss M@H% ‘Pfﬂjgé‘d’s“ @’CEéP?‘?é C PeM¢TEs sg%wal@at%prﬁnw EeM Cadl 2
and al fipffictoh of Epb ahdl SV pRAimotdrhdlbr sdquensd andlydis bk lidted Belswgen and

stored at -80C. Transformation In pre-chilled 17x100 mm pol ypropyl ene
culture tubes 5-10 ng plasmd DNA is added to JML 09 conpetent bacteri a,

gently @i'qtﬁrﬂlc?éﬁi rif@r | C€ T8kquépcdl N. 1hen the CelTs are WO 037046187
PCT/ EPQ2 Q&%&&;ﬁm@i&dﬂmndiwm_m_ﬂmt |y

42C vm'thout shaking and imediately placed on ice for 2 mnutes. Then 900

%%% | ,ggfgdtothetube and incubated for 30 mn at 37C before
pI atl ng Pt cteria suspension on LB-Anp plates. 3.6.5 Screening
and establ$\$40 eflygCitfari n culd tagastcgﬂaltplaaglcttltthgceaaagamtagews&ﬁi D;Nnes

i oi 1 VAL PPN bR o o Aol O o 1 Ao ot BESHAIPNNT e ana

wi th speci$v4p garynasisbagai nst5 idee cag tioege Edwtid-8a§B@ND. Nodd bel ow). Positive
col oni eéq}%show PCR-anpl i fied DNA bands in agarose gel electrophoresis.

These ¢ nies are then propagated in LB-Anp mediumfor further analysis
and pl asmgpha@amfl frt i on.  Fors: fralg §t€tfct bl'ﬁ@:tg @Bd:cﬁgt@b@@sjsm Ipf Negsi red
bacteria culture_ is mxed vvlth 50 e/erln % and stored

Epo EcoRl back 5’-tag aat tcc 80 atggag g g cac aa tgt cc-3°

SEQ. ID. No.17
Epo 221 for 5’-taa cit tgg tgt ctg gga-3° SEQ. ID. No.18
Epo 204 back 5°-tcc cag aca cca aag -3 SEQ. ID. No.19
pIRESneo

pIRESneo 181 back 5°-tta ggg tta ggc gtt ttg cg-3° SEQ. ID. No.20

p/RESneo 1016 for 5°-act cac ccc aac age ¢g-3° SEQ. ID. No.21

plRESneo 2786 for 57-ggcc aaa caa cag atg get-3° SEQ. ID. No.22

pIRES-200 back 5°-tgg aaa gag tca aat ggc-3' SEQ. ID. No.23

4. Construction of plasmid p5

4.1 _Preparation of the Epo gene fragment
The structural gene for Epo (human erythropoietin) is amplified by PCR using

pSVGPIRNEO as a template DNA. The sequence of Epo is given in GenBank Accession
No. M 11319.1. Recognition sites for Notl and Kspl are introduced into the upstream and

downstream primer, respectively. The primers are designed as follows:



at -80C. 3.6.6 Wzard(r) Plus SV M nipreps DNA Purification System Cell
resuspension solution Tris-HC 50 mM pH7.5; EDTA 10 MM RNase A 100 lag/m
Cell |ysiwogdlwutiBbn NaOH 0.2 M SDS 1 % Neutral i zati on solpatiEPn2/ga29mni di ne
hydrochl ori de 4. 09M potassium acetate 0.759M gl acial acetic acid 2.12M
pH 4.2 Col um wash sol uti on potassi upgecetate 60 nM Tris-HCI 10 mM pH
7.5, ethanol 60%2-3 nl LB-Anp nediumare inoculated with a single col ony
and incubated at 37C over night. The solution is centrifuged (12000xg, 5
mn) and the resultl n i s thoroughly resuspended in 250 pl
resus ’?gﬁ 3i uti onq'rfﬁght ﬁ(%ﬁ" €550 pl of cell lysis solution, m xed by
| nvert5 Ngg P g byd'EH caBGah Rft ebtajcethgatg gy 3r 1-5 nSEQ.Mhéloe2d ter 10
ine

f alk t L ut d at RT f 50 pl
Reutr il omggéééageﬁi?«a%?@é‘sa{a?@&é%&ac})f}gﬁq@ ot e By

inverting it 4 times and the bacterial lysate is centrifuged at 12000xg
for 10 mn at RT. The cleared lysate is transferred to Spin Col ums and
cent r i Qligpe2P0#1P000xg, 1®BnEtYA4E1% t he col urm is washed twi ce with washing

sol uti Wwigt h 100 pl mNRde ee
wat er . QV\B%%%%%@%g%&%%ﬁgﬁ%@g%gb?gﬁc%@qg73Sequen0| ng@g@ asm_ds The
i nser t & 0Kspquegugesq at 6= pex) 1846 §uPSYCGPEINEQeaielgiacect. Aust-r iSEQ ﬁ?l

GenXpress (Maria Worth, Austria) with specific prinmers. Qi gonucl eoti de
prinmers for the anpl |f|cat|on of Epo and SV40early pronoter and for

sequentige amphﬁcatlsn proguti (ﬂtpﬂd’ldleEOOA 09@20961‘1@0$ prepaced by PRE ustheydeace

SV4OQear | ro or a a aaa
gce t a@o p %?'5 S‘?V\Eg“%%"cs)é@ﬁ 9 a%%? g@gcr %&gffﬁgﬁoﬁﬁ qra%eé]té%%(gp agc acc
?t g gCEpSE Lfnlﬂe@Eth UNA f¥olatidd c%ISH#@ @géétyd ﬁ/?li f@pb?mcﬁN:ngd@ypqumdcgct cc ?
c- o BanH cct, ca cC ccC c
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4.2 Preparation of the termination region SV40LTpolyA/IVS

The termination region of SV40LTpolyA/IVS is recloned from pSV2neo by PCR in a similar
manner to that described above in section 1.4 for the construction of p2-neo except that the
primers are designed with different restriction endonuclease recognition sites: the site for

Kspl (=Sadll) is included into the upstream primer and the sites for Sacl and EcoRl into the

downstream primer.

Oligo 2004-11: length: 42mer
5°- ggg gec geg gtt tgt gaa gga acc tta ctt ctg tgg tgt gac - 3 SEQ. ID. No. 28
5" Kspl:  ccgeag - t (= pos. 15698 in pSV2neo) tigtgaaggaa............. SEQ. ID. No. 29
Oligo 2004-12: length: 46mer
5°- ggg gga gt cga att cga tcc aga cat gat aag atacattgag -3° SEQ. ID. No. 30

5° Sacl/EcoRl: gagctc gaattc - g (= pos. 752 in pSV2neo) atccagacatg....SEQ. ID. No. 31

The amplification product of primers 2004-11 + 2004-12 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 873
bp is purified using DNA isolation columns and digested with Kspl and Sacl. The resulting
DNA fragment of 858 bp is then gel-purified.



Epo 221 for 5 -taa ctt tgg tgt ctg gga-3' SEQ ID. No.18 Epo 204 back
5'-tcc cag aca cca aag ft-3' SEQ ID. No.19 plRESneo pl RESneo 181 back
5'-tta ggwyotma4ger gtt ttg cg-3' SEQ ID. No.20 pl RESneoPC@EP0L/029%' - act
cac ccc aac agc cg-3'" SEQ ID. No.21 plRESneo 2786 for 5' -ggcc aaa caa cag
atg get-3'" SEQ ID. No.22 plRES-20038ack 5'-tgg aaa gag tca aat ggc-3'

SEQ ID. No.23 4. Construction of plasmd p5 4.1 Preparation of the Epo
gene fragment The structural gene for Epo (human erythropoietin) is

anpl i f!| dglli P% s'z @H as a tenplate DNA. The sequence of Epo
s gi A o drifle o8 9Eor H> M 11319.1. Recognition sites for Notl
and K 'p| rﬁ“d'mwdwq%@nﬁaiw@e@%dmg' RBINaAd Gack! RPBEIVRRITHE DN is
respect y. prinmers are designed as foll ows: V\D 03/ 046187
PCT/ Emaxemazwmkamptmsp@aiag@eadwve@&fdmm%w&e' gutifiegyg ggc ggc cyc atg
ggg gtg cac gaa tgt cct gcc tgg ctg tgg - 3' SEQ ID. No. 24 5 Nofl:

. ) gg000tg . ... ... SEQ ID.

ggg gcc gcg gtc atc tgt ccc ctg tcc

t gcpg%f'%ﬁég?a \légsﬂ)trbtﬁrtof Bfasrﬁl‘n@m Itllié KSpl/ Nt EpO g&sepzhnd thed(spI/Sa(:l— p]?s 3246
in catctgtccect, . ... .. i cation
pr odudermgpatin riegiog 92‘8@4=T99'VA/ %5 @uie igntpd 'rb?fgd%a" E’?ﬁ( 'Har%\%

po' YIRS |8e lﬁﬁer&{‘r%fd?hﬁafé%?falr%électea ofl e E ki s’zllwmenTéwwmesw figng DNA

f ragnment o? 604 bp 1s purified using DNA isolation colums, digested with
Kspl a@ampiohnl , and gel -purified. The resulting 592 bp KspI/NofI Fr agnment
I's used in 15&% Vet rrlrlhﬂl@tcbﬁ%;)rﬁrsgﬁétht?%n%'léDWserf’eanrE’rs@&%héa byRoRhyt he

term nation region 40L The term nation re

SV40 Lmbrngumunwsneg b@tmacmrélaed fragmers 5094-09(2004x Q ?Pdaz‘g?“rﬁ 1/8004-}&d%er to
t hat qﬁ@eq&lj Pﬁo%egb?éft‘?clbﬁess\ﬁﬁlkﬁ ngéLaﬁ)ogﬂ?? E?ﬁlo‘fé&%ﬁ EidRAIVATh B5th Probee@réXxcept
that t | mers are desi restriction endonucl ease
recogmhbsexmfcmat'mc,'ll“ stale QIaSEEIICf preparadipn (Qiagae)-1) is included into the
t t
T el B Al béifork usith ABnEAAES BLAHP(T figméHt 725 bR
EcoRl (2 fragments, 2913, 1810 bp) and PvuII (4 fragments 2513, 1204, 903, 103 bp). Two

clones showing the correct restriction fragments are selected and checked by sequencing.

The whole cassette cloned into pBluescript 1l SK+ is sequenced and compared to the
expected nucleotide sequence. Every single nucleotide could be successfully verified. The

plasmids are designated p5.

5. Construction of pEpo/neo

5.1 Construction of pEpo/neo 12-1

p5 plasmid DNA is digested with BamHI and EcoRl and the resulting 1792 bp fragment
representing the cassette of SV40promoter-Epogene-SV40terminator is gel-purified.
Plasmid p2-neo is also digested with BamHI and EcoRl and the linearized vector gel-
purified. Additionally the DNA is dephosphorylated using alkaline phosphatase and purified
with Amicon Micropure enzyme removers.

Both fragments, the 4411 bp p2-neo vector and the 1792 bp cassette from p5, are
ligated (Ligation Express, Clontech) and transformed into E.coli SURE. Plasmid DNA is
isolated from various transformants grown on LB medium supplemented with 70 mg/l
ampicillin and analyzed by digestion using restriction endonucleases Pvull, EcoRl and Ncol.

A clone showing the expected fragments (EcoRl: 6191 bp, Ncol: 4085, 1326 and
780 bp, Pvull: 3273, 2130, 685 and 103 bp) is selected and designated as pEpo/ neo-12.



5'- ggg gcc gcg gtttgt gaa gga acc tta cttctg tgg tgt gac -3' SEQ |D. No.
28 5 Kspl: ccc - t (= pos. 1598 i.n pSV2neo) ttgtgaaggaa .............
SEQ | D. W0.038%181T i go 2004-12: |length: 46mer 5' - ggg ggaPgEEPOT13295 att
cga tcc aga cat gat aag ata cattga g -3' SEQ ID. No. 30 5 Sad/EcoR:
gagctc gaattc - g (= pos. 752 in pSMZ3®e0) atccagacatg.... SEQ .ID. No. 31
The anplification product of prinmers 2004-11 + 2004-12 is prepared by PCR
using Pwo pol ymerase (Roche Diagnostics), as described above. The

resultin fr ' I
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reactigend Li gation Express, Cdontech). Transformants of are selected on LB
medi um suppl enented wth 100 /1 anpicillin. Positive transformants
cont ai H2ngl finakcongtaiction;qf M%r e screened by col ony hybridization
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| abel e ones ave a positive hybridization signal wth
both pihelstart ATG. Ao laddisienaloiucieotie diis lnér@au@eqoﬂoagﬁwlbnﬁh%wmh%ﬁ G eig agen) .

Restri B 4723
bpy, B 3 Sleh AT PROL TR iRty P eblestitn |AROTA 1204,
903, 1ghebppr th”éw\/purpose M&Egchgwneng resropliftedrusing ancadanted URAERMARYi8Tt s ar e

sel ect%?h a‘ﬁgjﬁchecked by sequencing. The whole cassette cloned into

pBl ues SK+ i s sequenced and conpared to the expected nucl eoti de
sequence. Every single nucleotide could be successfully verified. The

pl asm a lesi_gnat ed Construction of pEpo/neo 5.1 Construction
of pEpgﬁfﬁoeégﬁ-Bqaglgng% 4§"%8rDNA is digested with BanH and EcoR and the

r esul t 5nggbd§eygbeychnrygoBitycacgaatgtectgectggetgtgg - 3° SEQ. ID. No. 32

The amplification product of primers 2004-09_a + 2004-10 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 605
bp is purified using DNA isolation columns and digested using Kspl and Notl. The resulting
DNA fragment of 593 bp is then gel-purified.

pEpo/neo-12-1 plasmid DNA is digested with Kspl and Notl, respectively, to remove
the Epo gene. The 5599 bp fragment is then gel-purified. Both prepared DNAs are ligated
to each other (Ligation Express, Clontech). Plasmid DNA from transformants is isolated and
purified from colonies on LB medium supplemented with 70 mg/l ampicillin. DNAs are
analyzed by restriction using Ncol in a first screening.

A positive clone is selected to isolate DNA using a "Midi prep” procedure (Qiagen).
An extended restriction analysis is performed using BamH|, Hindlll, EcoRl, Ncol, Notl, Pstl,
Spel, Sphl, Pvull, Nad. The expected fragments and sizes could be found, verifying the
clone as a correct pEpo/neo. Every single nucleotide of the whole cassette
(SV40early_promoter — neo gene — SV40LTpolyA/IVS - SV40early_promoter — Epo gene —
SV40LTpolyA/IVS) inserted in the pBR322 vector-part is also confirmed by sequencing.



representing the cassette of SV40pronoter- Epogene- SV40term nator is

gel -purified. Plasmd p2-neo is also digested with BanH and EcoR and the
| i neari zewtOwao4@B7 gel - purified. Additionally the DNA is eeprrepiaoyl at ed
usi ng al kal i ne phosphatase and purified with Am con M cropure enzyme
removers. Both fragnents, the 4411 bpgg2-neo vector and the 1792 bp
cassette fromp5, are ligated (Ligation Express, Contech) and transforned
into E.coli SURE. Plasmid DNA is isolated fromvarious transformants grown
on LB nedi um suppl epent ed anpicillin and anal yzed by

di gestf-&fﬁ“@!ﬁ?i BPE§FPFE??8\£APL?§5'83L%%@§ Bs Pvull, EcoRl and Ncol. A clone
showi ng, t hgoRsiastié of poeimRtps( ECOR @ 6191 bp, Ncol: 4085, 1326 and 780
bp, Pvull: 3273, 2130, 685 and 103 bp) is selected and desi gnated as pEpo/
neo- 121-MOPospasatiars of therdiib@ene3297 - 34 For additional purification the
DINA wmgm%e e&&'farqigeggctsp%a&sﬁuaﬁn(.§%ﬁ%\&? 4 matidd N BrdbehliA prepar ed

usi ng a edur e roma culture 1 nocul ated y a
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foll ow Nol I, Psfl, Spel, Sphl,

Pvul 1, @?ﬁ%a"aﬁ e asﬁ'ﬁ%’*r‘#e“ G Ng Rt el] v found, verifying
the cl one aFhadhbiris emphfpﬁafm&mepdﬂﬂdhtnmusnﬁg Qnﬂihs daslgmledcmpmdugeai on of

Epo/ Th f. d
oot 1 ROMERLETTFRGMe FAufd ot RuhastaTa RRefRaiRal: ebRofafnoc =
Im irggtl‘(bedattp@smerggli? iAbehtaemnmprh(t)i\;wéttmasétrS rﬁogmnssisgngf@g?e??éabadt ATIC:iorA
Phat  pappusdina 88y SealalEs e aiamlieed PinS HBHAET AP i Fanr A et Pl e
2004- O%Iﬁtrersgréﬁﬁct?\w #OESRIIsRBH &is0 #ﬁﬁ'&uce@' into the reverse primer beside the

gggggc cgcaat gggggt gcac aat tcct gcct ggct 3" SEQ ID. No. 32 The
anplifi $itn The serqncsrof uglgplideyds ag%P%gU54 10 is prepared by PCR

usi ng Pwo pol ynerase (Roche Di agnost i cs) as descri bed above. The
resulting DNA fragment of 605 bp is purified using DNA isolation colums
and di ¢¥gp&804:88:ng Ksplengihg 389Tar. The resulting DNA fragment of 593 bp is

Noi 1, Pt oa B8 B0, BR0ei o e Paltai 8 S 5500 b 1T eI { hen

gel - purSi' Hirelll: Bagdit prieEgrasd SONAMUSTHAR) J&igtidgaccattg............. SEQ. ID. No. 34
Oligo 2004-14: length: 42mer
5°- ggg gaa ttc act agt tag tct ttc ttc tcg tag act tca aac - 3° SEQ. ID. No. 35
5" EcoRl/ Spel:

gaattc  actag - t (= pos. 619 in MUSDHFR) tagtctticttctcgtagacttcaaact...............
SEQ. ID. No. 36

The amplification product of primers 2004-13 + 2004-14 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 588
bp is purified using DNA isolation columns, digested with Hindlll and EcoRI and gel-purified.
1.2 Preparation of p1-dhfr-CDS



to each other (Ligation Express, Contech). Plasmd DNA fromtransformants
Is isolated and purified from col onies on LB nmedi um suppl enented with 70
ng/ 1 anpiwDlBiom18DNAs are anal yzed by restriction using Neolr/EPo2/207 r st
screening. A positive clone is selected to isolate DNA using a "M di prep"
procedure (Q agen). An extended resiggction analysis is perfornmed using
BanrH , Hindlll, EcoR, Ncol, Nofl, Psfl, Spel, Sphl, Pvull, Narl. The
expected fragnents and sizes could be found, verifying the clone as a
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Const st BAnGIonpATHS Araaksgp ARy Brovih CrmpUESRPBMeFIS I SR 1
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is taken froma nouse CDNA present in plasmd pLTRdhfr26 (ATCC 37295).

The nuvkdivr sippleneeniethwish 8P My{kampighid. dhfr cDNA (MUSDHFR) is avail abl e as
GenBank ACC§E§anﬂP§R is %él@%orxr&ﬁ)n‘égfahd'cﬁeé@ﬁl fre@flctionCiRamlsIRMiHg 26oRrIS g

prinmers designe uce a fragnment containing the coding region from
the stplus S&EG%ftagumrtstmfcmzw&Scbn 15 4dpomdc@dap). TAA at position 619. As for

th ifi H ndl | |
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anpl i f eweveihe resutivog CB?"Q)‘? fosy ROtxgY8e 3 ghandsyp e amino 3FAFRIUEE°Sy PCR usi ng

PWO  encoded by nucleotide sequence since CTT and CTC both encode leucine.
1.3 Preparation of p2-dhfr-CDS
p1-dhfr-CDS plasmid DNA is digested using EcoRl + Spel. The resulting linearized fragment
is purified and ligated with the amplified fragment containing SV40LTpolyA/IVS (described
above). Following transformation and selection, resulting plasmids are analyzed by
restriction analysis using Acd (3 fragments of 2994, 855 and 216 bp). A few are selected
and additionally analyzed using Hincll (2 fragments of 3466 bp and 599 bp, respectively),
Afll (2 fragments of 2872 bp and 1193 bp, respectively) and Bgll (2 fragments of 2371 bp

and 1694 bp, respectively).
A plasmid DNA showing all the expected fragments in the correct sizes is further

checked by sequencing. A verified plasmid is designated as p2-dhfr-CDS.

2. __ Construction of pEpo/dhir

2.1 Preparation of pEpo/dhfr 21

p5 plasmid DNA is digested with BamHI and EcoRl and the resulting 1792 bp fragment

representing the cassette of SV40promoter-Epogene-SV40terminator is gel-purified.
Plasmid p2-dhfr-CDS is also digested with BamHI and EcoRl and the linearized

vector is gel purified and eluted using Supelco spin columns. Additionally the DNA is

dephosphorylated using alkaline phosphatase and purified with Amicon Micropure enzyme

removers.



pol ymer ase (Roche Di agnostics), as described above. The resulting DNA
fragnent of 588 bp is purified using DNA isolation columms, digested with
H ndl || awo oBoed®B7 and gel -purified. 1.2 Preparation of pPcCatro2/C2% WO

03/ 046187 PCT/ EP02/ 13297 -36 The anplified EcoR -Hindl 'l dhfr gene
fragment is ligated to the EcoR -H ndd74 vector fragnment from pSV2-neo
using Ligation Express (Contech), and transfornmed into an E.coli host.
Transformants are selected by growh on LB nedi um suppl enmented with 50 ng/ |
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3466 bp.2anthé finabponstaspiontof\pEppJdhfr Af 1111 (2 fragrrents of 2872 bp and 1193
bp, respecti vel 2 fra nt s 237
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desi gnated_as p2-dhfr-CDS. 2. Construction _of PEUé)/ dhfr 2. egar ation of
pEpo/ dffsH tmthe purine base G at position —3 from start ATG. The

po gene is reampllfle
described in Example 1, section 4.2.

pEpo/dhfr-21 plasmid DNA is digested with Kspl and Notl, to remove the Epo gene.
The 5259 bp fragment is then gel-purified.

Both prepared DNAs are ligated to each other (Ligation Express, Clontech). Plasmid
DNA from transformants is isolated and purified from colonies on LB medium supplemented
with 70 mg/l ampicillin. DNAs are analyzed by restriction using Ncol in a first screening.

A positive clone is selected to isolate DNA using a "Midi prep" procedure (Qiagen).
An extended restriction analysis is performed using BamHI, Hindlll, EcoRl, Ncol, Notl, Pst,
Spel, Sphl, Pvull, Nar. The expected fragments and sizes could be found, verifying the
clone as a correct pEpo/dhfr.

Every single nucleotide of the whole cassette (SV40early promoter — dhfr gene —
SV40LTpolyA/IVS - SV40early promoter — Epo gene — SV40LTpolyA/IVS) inserted in the

pBR322 vector-part is also confirmed by sequencing.

Example 3 - Recombinant CHO-cells generated from pEpo/neo and pEpo/dhfr
1-5x10* cells per cm? are seeded in 25cm” T-flask bottles or 96-well plates the day
before the lipofectin transfection is performed. The two plasmids are mixed at the ratio of



pS plasmd DNA is digested with BanH and EcoR and the resulting 1792 bp
fragnment representing the cassette of SV40pronoter- Epogene- SV40t er m nat or
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and the linearized vector is gel purified and eluted using Supelco spin
colums. Additionally the DNA is depB8sphoryl ated using al kaline

phosphat ase and purified with Ami con Mcropure enzyne renovers. WO
03/046187 PCT/ EP02/ 13297 -37 Both fragnents, the 4053 bp p2-dhfr-CDS

t t :
LPCt O P B kb e 853 B bR 0 AP Bl GRCABRFYET o5
on LB reedodingdapipd maenta@wrwsmromohgll anpicillin are hybridized using Epo

PCR- - _
posi t1ve clbat: wh (338 B BN AR Bl e Bbtcnt 2l s b s
Ncol . ANA/bpid cet:klai mgzﬂmﬂl/aafp:etttaelr ﬂ' heuy then¢edls @Me overlaitDBEh the taneafetiG® bp) is

| ect ed ted dit.i I fi th

DNA | 5 PERRLREOT N Frs TRA eI ArpeTpie b3 B M A n Bl BRReBRcpar e
usi n? amth:\dwtlva?mmejdtdmrr:?oﬂeftzb{beltl(/éﬂgag?rm rﬁqswmmthe:detmﬂeomtamtg rﬂé(ﬂd'gbye a .
single colo r-21-1). Restriction analysis is med ysin e
7 o Dovi SR aetacta dpgciiny Trhtpcied elbredl atofist Ryt L iseleglif modi
Pvul |, thlassfluefté ahb%ma@ﬁmmcétroamrﬁ (8881 @qmwmw&e sbt%eﬁlﬂylﬂﬁ’e cell
verifyin The final.- construction .

the clone a orrect o/dhfr-21 )
of pEchPgWFrS”Pﬁ'WaFPé“%gY% yof IC’if’cb’:r %EB@? ﬁﬂ%h%%ﬁBrQﬂb@?’rS@éﬁwdF*éaWBﬁg di€t he Epo

gene i nybresstihtratdn in%rea%Bé‘WG@-fbl&bndJBééttplréﬁhce% UsRdgsr Rfhbeuihatict. gt ATG
An additional nucleotide Ajis introduced to result in the purine base G at

posi t i dhcampinanygel paple axgerleqisd apd sompadsansmadeablihegraming groprgeiserBed in
%arml Epb pré@l.?étl'v@}n tﬂe Brotaﬁraa{téimf(by %@st@h’ﬂﬁlm Sha¥fy)| tﬁef@p@%ﬁ&i@nm& AndaRl and

, to renove ?)8 gene. p fragnent is then gel-purified.
Bot h pr@fi&?@@"ﬁ\lﬁ@bﬁ' I'i gat ed to each ot her (Ligation Express, O ontech).

Plasnid DNﬁrréﬁs@é@tfohamerﬂag@é camfa%al #iee ﬂibjpéw/héé Etf'oé{: g gf?' es on
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Psfl, Additionally five plates are each transfected with 10 pg pEpo/neo, 0.2 pg pEpo/dhfr

and 60 pi lipofectin per plate (09/96/1 - 09/96/5), five plates with 8 ug pEpo/neo, 1.6 pg
pEpo/dhfr and 60 pl lipofectin per plate (09/96/6 - 09/96/10). Plates 11 and 12 are
transfected with 6.25 pg pEpo/neo, 0.08 pg pEpo/dhfr and 37.5 pl lipofectin each.

In brief, 0.25 pg DNA/cm? and 1.5 pl lipofectin-reagent/cm? are used and this
DNA/lipid cocktail adjusted to 200 pl/cm?cell layer.

The series of transfections is mainly done in microtitre plates since previous
experiments show that the number of clones in one cultivation unit is maximum three to five.
This means easier isolation of a monoclonal transfectant than isolation from hundreds of
clones in the T-flasks. Table 1 describes the number of clones per 96-well plate and the
ELISA titers with and without amplification pressure. Transfected cell pools are first
cultivated in selection medium to confluence and then in amplification medium (4.8x10°M
MTX) before screening the cell culture supernatants by ELISA for Epo production.

- Approximately 1000 growing wells are screened, and 50 such cultures tested for specific
Epo-productivity with increased MTX concentration. Highest producers are determined, the
MTX concentration increased two-fold and best producers used for further cultivation.

The selection and first amplification steps are done in the 96-well plate and after

screening all clones, growing in 4.8x1 0® M MTX, 7 clones are selected, designated
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supernatants. The clones produce Epo.
Summary and Discussion
The selection of a recombinant, Epo expressing CHO-cell line from the construction of
eukaryotic expression vectors up to the transfection of mammalian cells and isolation of
polyclonal Epo expressing cell pools is described. The analytical basis is set mainly with
ELISA, immunofluorescence, western blotting and in vitro functionality tests. All these
methods are established in concentration ranges that are capable of screening low
producing cell pool culture supernatants with only ng/ml amounts as well as more stabilized
recombinant cells.
A recombinant CHO-pool is generated, in which the gene copy number is amplified
stepwise with up to 3.8x107 M MTX. These cells can be split 1:3 to 1:4 twice a week and
each time elevated levels of Epo are detected in ELISA.

Example 4 - Further selection of a recombinant cell-line
Recombinant cell-pool 09/96/3D5 is used for further stabilization. MTX concentration is
increased stepwise to 0.38 yM MTX. At this amplification level recombinant 3D5 cells are
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09/96/3D5/1H9/4C2 09/96/3D5/1H9/6C2 09/96/3D5/1H9/6D4
09/96/3D5/1H9/15B4 09/96/3D5/18E5/7A6 09/96/3D5/18E5/15C3

Example 5 - Adaptation to serum-free cultivation medium
The final six recombinant cell-lines from Example 4 are chosen for adaptation to serum-free
cultivation conditions after the last subcloning step.

Cells are seeded in the 7. — 12. passage after subcloning with approximately 5x10*
cells/cm? into T25-flasks and are cultivated 3-4 days to confluence. At this time point the
medium is replaced completely with serum-free adaptation medium and afterwards 80% of
the medium is renewed daily. All suspended cells are returned to the culture. After the
adaptation time, when nearly all cells grew in suspension, the clones are passaged twice a
week and cuitivated as suspension-culture.

Clones are cultivated for 11 — 13 passages in serum-free adaptation medium before
cryopreservation. Six ampoules with 5x1 0° cells each are frozen of every cell-line in liquid

nitrogen with serum-free freezing medium. After thawing, the clones are cultivated in
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Example 6 - Comparison of the recombinant cell-lines
Growth properties of the six cell-lines from Examples 4 and 5 are calculatéd over several
weeks by determining the cell counts in culture as well as splitting ratios during passaging.
The Epo productivity is tested by ELISA. From that data the specific productivity and
specific growth rate as described above are calculated.
Table 4 summarizes the data received under standard cultivation conditions with a
splitting ratio of 1:3 after three days cultivation.
Cell counts (measured by Coulter Counter) after splitting and after additional three
days are shown. '
SDS-PAGE under reducing conditions
The supernatants of the six cell-lines are separated by SDS-PAGE and compared for
differences in the molecular weight. The six supernatants indicate identical SDS patterns
with a smear, commonly seen in such highly glycosylated proteins (data not shown).
The comparable commercial available product migrates as a more distinct band

probably arising from separating distinct bands during down stream processing.



subcl ones (four 11-19 and two 18E5 subcl ones) are chosen, which are frozen
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gl ucose andSummary anddRiscussien 5 passages different protein and cellul ar

par arrelrﬁer Bofién g? Fe%rombﬂ%%,% %?essing CHO cell-lines is described herein. After two

rounds of subcloning six cell-lines are compared for different properties as the basis for the
designation of one final production clone. The analytical basis is mainly ELISA, western
blotting and |IEF tests as well as DNA measurement by FACS analysis.

The western blot pattern of the recombinant culture supernatants shows several
additional lower molecular weight bands compared to the commercial purified protein. One
explanation is that these additional bands represent isoforms which are removed during the
down stream processing leading to the commercial product compared. Another possibility
that artificial bands are being detected due to incomplete uptake of SDS.

Isoelectric focussing gives identical isoform-distribution for all cell culture supernatants,
irrespective of their Qp.

The best producing clone and easiest-handling is clone 6C2 which is chosen as
production clone. As back-up clone 4C2 is chosen. Both clones can be propagated in roller
bottles.

Example 7 - Cultivation of CHO cells in T-Flasks

Recombinant human Erythropoietin is produced in a Chinese hamster ovary cell line (CHO)
under serum free conditions in T-Flasks. The culture is seeded with a 2.67 x 10° cells/mL.
After a three day incubation period a final cell density of 9.35 x 10° cells/mL is reached (=>

u = 0.42 days™).
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The glucose concentration is kept above 1g/L. After 4 days the reactor is filled to
150 L with fresh medium. After day 9 the batch is extended by adding 1875 mL of a nutrient
concentrate containing amino acids, a carbohydrate and a plant derived peptone. After 10
days another 1875 mL of the nutrient concentrate are added. Two days later (day 12) the

supernatant containing erythropoietin is harvested.

Example 9 - Production of erythropoietin in a bioreactor without methotrexate

The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 4 B5-1 and 2) mode in a 5-L
bioreactor. The medium is as in Example 9. The first bioreactor (Kamp 4 B5-1) is set up with
1.54 pym MTX in the medium, and the second (Kamp 4 B5-2) without MTX.

The glucose concentration is kept above 1g/L. The cells are seed at around 5x1 0°
cells/mL in 1250-mL medium. The pO; is set to 50% air saturation, temperature to 37°C and
the pH to 7.0 and kept constant during the course of the fermentation. After 2 days the
reactor is filled to 5 L with fresh medium. After day 6, 7, 8, 9 and 10 the batch is extended
by adding 50 to 122-mL of a nutrient concentrate containing amino acids, a carbohydrate
and a plant derived peptone. On day 11 the supernatant containing erythropoietin is

harvested.



The isolation of reconbinant, Epo expressing CHO cell-lines is described
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The cultivation with a nutrient enriched medium (amino acid, glucose, plant peptone
and phosphate) as well as the pH-shift from 7.1 to 6.9 is found to more than double the

final Epo concentration at a comparable glycosylation profile.

Example 11 - Production of erythropoietin in a bioreactor lacking components derived

from animals

The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 17 B5-1 and 3) mode in a 5-L
bioreactor. All parameters are set as in Example 10 (Kamp 4 B5-2) if not otherwise noted. In
bioreactor 2, a cell culture medium is used which does not contain any components derived
from animals. For example the amino acid tyrosine or cysteine, which are typically derived
from an animal (like salmon or human hair) have been replaced by synthetic amino acids.
After 2.5 days the reactor is filled to 5 L with fresh medium. After day 5, 6, 7, 8 and 9
the batch is extended by adding a nutrient concentrate containing amino acids, a
carbohydrate and a plant derived peptone. On day 9 to 10 the supernatant containing

erythropoietin is harvested.
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Over the course of the cultivation the glucose concentration in the bioreactor is kept
between 3 to 4 g/L. After 3 days the reactor is filled to 10 L with fresh medium. After day 6,
7, 8,9, 10, 11 and 12 the batch is extended by adding the enriched nutrient concentrate.

On day 13 the supernatant containing erythropoietin is harvested.

Example 13 — Isolation of Epo

Cell Separation

Recombinant human erythropoietin is produced in a Chinese hamster ovary cell line
(CHO) under serum free conditions by discontinuous fed batch fermentation. After
fermentation (4x ca. 1+2 batch mode expansion stages in 2 different bioreactors) the
harvest broth with about 200 — 300 mg rhEpo per L is cooled down to 2-8°C and without
any interim storage period clarified first by centrifugation'via disc stack separator then
subsequently by depth (Seitz Bio10 or Cuno A90M08, throughput ca. 300 L/m? filter area)
and 0.2y filtration (PP Polygard 0,1pm, Sartobran P, Sartorius or Duropore 0.22y,
Millipore).To avoid high cell lysis and consequently high product contamination with HCPs
(host cell proteins) it is important first to harvest at an optimal time point (ca. 12 days in
main culture, oxygen consumption stagnant) and second to use a cell separation equipment
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= ChTrls pH 7,5 and 50 mM NaCl. The diluted cell supernatant is then loaded (10 — 15 mg rhEpo
per mL resin) on the column at a flow rate of 4 — 8 cm/min and the column is washed with
10 — 15 column volumes (CV) with equilibration buffer. The product is eluted by step elution
achieved by changing to a higher conductivity buffer, 20 mM Tris pH 7,5 with 150 mM NacCl.
The peak fractions are pooled and give a yield of about 50-60%.

In an alternative, the fraction pool is concentrated by ultrafiltration to reduce the
intermediate volume and to standardise the following precipitation conditions. Preferably a 5
to 10 kDa cutoff membrane is used and a target product concentration of about 20 mg/ml is
adjusted.

Ammonium Sulfate Precipitation

The capture pool from the previous step is typically further purified by precipitation of
the contaminating host cell proteins with 2.4 M (NH,),SO,. At this AS-concentration almost
no product is found in the precipitate leaving a pure HCP free supernatant which has to be
diluted before the following RPC purification to < 240 mM (NH,),SO, in the RPC load.

The precipitation is performed by adding 1.5 volumes of an ammonium sulfate -stock
solution (4M (NH,),SO4, 20mM Tris pH 7.5) to one volume of capture pool, incubation for 30
min at 10-15°C and separation of the precipitate by depth (Seitz Bio10 or Cuno A90MO08)
and 0,2y filtration (Sartobran P, Sartorius or Duropore 0.22y, Millipore) . In case of high
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a) run under medium pressure (<10 bar) and b) sanitized with high concentrations of NaOH.

The preferred bed height is between 10 and 15 cm, the recommended load range 8-12 mg

rhEpo per ml packed resin.

Before the RPC-step the product containing supernatant needs to be adjusted to a

final concentration of less than 0.24 M ammonium sulfate . This conditioning can be

performed a) by a subsequent online-dilution step (1 vol rhEpo-supernatant + 4 vol 20 mM

Tris/HCI pH7.0+ 5 vol 50 vww% ACN in 20 mM Tris/HCI pH 7.0 during the RPC load or to

save the expansive organic solvent preferentially again by diafiltration/ concentration (UF

with 10 kDa cutoff) against 20 mM Tris/HCI pH7.0 before the loading step. The column has

been equilibrated before and washed after the load with 25vv% acetonitrile (ACN) in 20 mM

Tris pH 7.0. The product is eluted with a linear gradient from 25% to 50% ACN and

collected in small fractions (in particular approx. 0.2 CV, in the alternative, approx. 0.3-0.5

CV) pre-filled with 4 volumes of dilution buffer (50 mM Tris pH 7,0) to immediately reduce

the solvent concentration, which may induce aggregation and impairs the following AEX

chromatography. The fractions of approximately the first half of the elution peak are pooled

to give the RPC-pool, which is further processed. This pool contains the isoforms with the

favored higher degree of glycosylation. By this fractionation regime, des-O-glycosylated
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kDa CUtsPa];ié aggs wg'ncﬂ Is Iprsoplé?tﬁ)nafatoc{he grade of glycosylation. A high performance resin is
used, Q-Sepharose HP (Amersham Biosciences), which shows excellent separation
efficiency. The bed height is between 15 and 20 cm. All conditions, such as load, gradient
and bed height are defined to keep a rather low product concentration, which otherwise
leads to a significant post-peak during elution caused by solvent induced aggregation of the
product.
The RPC-pool is loaded with 2-4 mg Epo per mL resin on a Q Sepharose HP
equilibrated with 20 mM Tris pH 7,0. After a wash step with equilibration buffer, the product
is eluted in a 10 CV linear salt gradient from 0 to 300 mM NaCl in equilibration buffer. The
elution peak is collected in 0.1 CV or in 0.25 CV fractions and analytical pools are analyzed
by CZE to find the right fraction pool, which contains the desired erythropoietin isoforms.
The AEX-pool consists typically of the second half of the elution peak, where the highly
glycosylated and sialylated isoforms elute.
By using the capillary zone electrophoresis (CZE) as in-process control, it is possible
to produce a precisely defined mixture of erythropoietin isoforms even if the source contains

only a few highly sialylated isoforms, due to different fermentation conditions or host

systems.
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the product starts to elute from the column and the elution peak is collected to give the
SEC-pool. '

Nano-Filtration

To remove a potential virus load an additional dead-end virus-filtration step is
implemented. This filtration is performed with a special membrane, designed to remove
particles as small as 15 nm, such as the Planova 15N (Asahi). Alternative dead-end
nanofiltration units are PALL Ultipor VF Grade DV20 or Millipore Viresolve NFP cartridges or
capsules. Especially for small non-enveloped viruses, é.g. parvovirus, there is almost no
other tool of virus removal or inactivation.

The sterile filtered SEC-pool is passed over a dead-end filter with a suitable
membrane and the filtrate represents the final bulk drug substance. Alternatively the nano-
filtration can be inserted between the UF-concentration and the size exclusion

chromatography.

All publications mentioned in the above specification are herein incorporated by reference.

Various modifications and variations of the described methods and system of the invention
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i sof or s, Addi | | rf : rt i ng
For cerripments, foia g ToReRRRd HatvEProlfioR i dateth SRy R ER 5wl
ist herrnitettacke&uoh @d@ifghemboﬂnmenﬁacdnd&@d omhuusl mtvdlilaahonmgmthe relspribetdo
sel ect f ve Q i t he
i sof or m? 3‘7‘ g’pé’ﬁwpgtoé’gg‘fd%‘?rﬂ'ioﬂdm' qrﬁéappgr(%q @elk'??% Iﬁlj)qdn'P mcilecgllarg ééor(f/dl ng
t 0 t heonterdisd figlis afd idtdndeded B8 wilhindthe issop ¢ffthe followdrlg dlainishe gr ade of

gl ycosyl ation. A high performance resin is used, Q Sepharose HP ( Anersham
Bi osci ences), which shows excellent separation efficiency. The bed hei ght
is between 15 and 20 cm All conditions, such as |oad, gradient and bed
hei ght are defined to keep a rather |ow product concentration, which
otherwise |eads to a significant post-peak during elution caused by

sol vent induced aggregation of the product. The RPC-pool is |oaded with
2-4 ng Epo per nL resin on a Q Sepharose HP equilibrated with 20 nM Tris
pH 7,0. After a wash step with equilibration buffer, the product is eluted
ina 10 CV linear salt gradient fromO to 300 MM NaCl in equilibration
buffer. The elution peak is collected in 0.1 CV or in 0.25 CV fractions
and anal ytical pools are analyzed by CZE to find the right fraction pool,
whi ch contains the desired erythropoietin isoforns. The AEX-pool consists
typically of the second half of the elution peak, where the highly

gl ycosyl ated and sialylated isoforns elute. By using the capillary zone

el ectrophoresis (CZE) as in-process control, it is possible to produce a
precisely defined m xture of erythropoietin isoforns even if the source
contains only a few highly sialylated isoforns, due to different
fermentation conditions or host systens. WO 03/046187 PCT/ EP02/ 13297




-49 The CZE is a high resolution nmethod capabl e of separating isoforns of
different charge. It gives quantitative results on every single isoformin
each fracwpD®n/046iBT s i nformati on enabl es pooling of speci fPCE/HPOACRIDNS

| eading to a consistent isoformprofile frombatch to batch. Typically the
early eluting, less sialylated isoforigg-are omtted by pooling only the

| ater eluting fractions. Size Exclusion Chromatography In a | ast

chromat ographi ¢ step the AEX-pool is polished by size exclusion, which

oo R PR RO BRAERBIAY T VL

used in this step has a good resolution even at higher |oad volumes up to
15% of 2[‘;.)% coI u vol une. The preferred bed height is between 60 and 80
cm As fan °|5'3SS| ble to run the AEX-chromatography of the previous
step in a way to achi eve hi gh product concentration in the AEX-pool, the

pool has to ~ftration—This is perforrred
by an ul t r affansteclionon st ep(nygkey of cionegp, (G, ﬁ@l’ﬁﬂpa%MTP(echl ng in an about

10 fold concentrated UF-retpajgbg With apprp_f%"?t Fryt hrlopoi eti n per
m.. About 3F7 CV% of UF-retlentate are diregd ont o |la Superdex 75 pg

col um pre®@8d25ibEBVd wi t 1380 nM Na- phospﬂaﬁe pH 7 0, 75{mM NaCl . After
approx. 1 - 3 g starts—to—gigte—f+romthe—eql uim and t he
el ution peal? ﬁ ted t al ve t he SEC—B Nano-Filtnation To renopve

a potenti al ognrzgﬁg.ia@qd an ag dead- eod4V| rus f||trat| on step is

i npl enent edi—Fhistiltrag -- i a nbrane, desi gned
to renove 981254 @”as s 15N (Asahi).

Al ternative dead-er r VF Grade DV20
or MIlipore Vi resol ve NFP cartri dges or capsul es. EspeC| ally for small
non- en\ﬁ?@rw&etnamfee%ms e.g. parvovirus, there is alnost no other tool of
virus renoval or inactivation. The sterile filtered SEC- pool is passed over
a dead-end filter with a suitable nenbrane and the filtrate represents the

final bul k drug substance. af clomleg t He nano- filtratijon can be
i nserted be%rwegpectﬁ%% UF- con ent[?iltl on and tsglec{ezdeclg%(gl usi gn
chr omat ogr &

09/96/1 (50:1) 47 1F5

09/96/2 (50:1) 46

09/96/3 (50:1) 50 5D5, 3H5

09/96/4 (50:1) 52

09/96/5 (50:1) 49 5D4, 5H4

09/96/6 (5:1) 416 6C5

09/96/7 (5:1) 556 7E9

09/96/8 (5:1) 392

09/96/9 (5:1) 427

09/96/10 (5:1) 352

09/96/11 (75:1) 49

09/96/12 (75:1) 60 12A9
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i ncor porated by reference.

publications nmentioned in the above specification are herein
Various nodifications and variations of the

descri bedwowBleds? and system of the invention WO 03/ 04618PCPEPVERQ27 13297
be apparent to those skilled in the art wthout departing fromthe
Abphough the invention has been

-50 wi |

scope and spirit of the
described in connection with specific preferred

i nventi on.

enbodi nent s,

it should be

understood that the invention as claimed should not be unduly limted to
such s eed, various nodifications of the described
nodes ?W'é%%%’gm?gm@%ﬁéohggent| on which are apparent to those skilled in
nol ecul ar biology or related fiel ds are | ntended to be within the scope of
the foll ewtn 6 et — W03+ 846484 PEHEPS2HI329F 54+—Feabt-e
reconbi nant CHO-cel | s: W%%’F%&!‘P’S‘J.s wi th Epo/neo and Epo/dhfr ' T25
transf ectd t ransf ecloigxq ot of [10d,a0%M MTX 9 188k 08 MMMVKX| per T25
[ pg/ 106cells/d]l 09/ TA5/1 (50:1) 136/ 0 16 09/T25/4 (50:-1) 107 2.6 09/T25/3
(5:1) 45 !DQZEGIYIF5 09/ T2513 (5:1) 648 0194 96- wel | tréﬁéf ecti ons runber of
clones t on ate—setect Forme—697+-9613, (561 1 F5
09/ 96/ 2 6!?6{?[546 09/ 9&/‘% (50:1) 50 %5 3H5 09/0273 (50: 1) 5‘ 09/ 96/ 5
(50:1) 4omsizHSHA 098%/6 (5:1) 41848C5 09/96/ 112%:1) 556 79 09/96/8
(5: 1) 39') nOIORIQ / 1\ 427

09/96/5D4 ~ 4.9 3.8 3.6

09/96/5H1 4.7 71 6.7

09/96/6C5 4.2 3.8 3.6

09/96/7E9 5.5 8.8 8.9

09/96/12A9 6

Table 2: Subcloning conditions and plating efficiencies of cell-pool 3D5 with 0.38 pM MTX

Number of 96 well

Number of seeded

plates cells/well % growing wells % single clones
25 (no. 6-30) 10 13% 77%
5(no. 1-5) 20 24% 54%




09/96/10 (5:1) 352 09/96/11 (75:1) 49 09/96/12 (75:1) 60 12A9 WO 03/046187
PCT/ EPO2/ 13297 -52- Anplification of different clones Op [pg/10cell s/ d]

cl one 9. GWO®3/0MIRMTX 1.9x10" M MIX 3.8x10" M MIX 09/96/1 PETHFPOX13247 17.1
09/96/3D5 8.4 14.4 11.4 09/96/3H5 8.2 14.1 12.9 09/96/5D4 4.9 3.8 3.6
09/96/5H1 4.7 7.1 6.7 09/96/6C5 4.2-338 3.6 09/96/7E9 5.5 8.8 8.9

09/ 96/ 12A9 6 Table 2: Subcloning conditions and plating efficiencies of
cell-pool 3D5 with 0.38 pM MI'X Nunber of 96 well Nunber of seeded plates

oL =1 4abl S5 e BP0 o PP n 0P KT TS o
condi t ingthst.ahgMWEBXi ng efficiencies of Subclone 3D5/1 H9 and 3D5/18E5 with

1.54 pM MrX 3D5/1 H9 Nunber of 96 well Number of seeded % % pl at es
cells/well growing wells single clones 8 (no. 9-16) 10 6.4% 85% 8 (no.

1-8) 3@DBEMHGIE%

3D5/ 18E5 Nunber of 96 wel |

Nunmber of seeded

Number of 96 well

Number of seeded %

%

plates cells/well growing wells single clones
8 (no. 9-16) 10 6.4% 85%

8 (no. 1-8) 30 19% 46%
3D5/18E5

Number of 96 well

Number of seeded

plates celis/well % growing wells % single clones
8 (no. 9-16) 4 15% 56%
8 (no. 1-8) 8 29% 44%

Table 4: Specific productivity and growth properties of recombinant CHO-clones

4C2 6C2 6D4 15B4 7A6 15C3
Inoculated cell number 217 267 289 0.71 2.38 2.16
[x 10° cells/ml]
Final cell number 727 935 8.8 2.61 6.41 6.15
[x 10° cells/ml]
Specific growth rate 0.4 042 037 043 0.33 0.35
W [days ]




plates cells/well %growing wells %single clones 8 (no. 9-16) 4 15% 56% 8
(no. 1-8) 8 29% 44% Table 4: Specific productivity and growth properties
of recomWwan4aBIO- cl ones 4C2 6C2 6D4 15B4 7A6 15C3 | nocwiCatepd2/cebt nunber
2.17 2.67 2.89 0.71 2.38 2.16 [x 105 cells/m] Final cell nunmber 7.27 9.35
8.8 2.61 6.41 6.15 [x 105 cells/nml] -§decific growmth rate 0.4 0.42 0. 37
0.43 0.33 0.35 p [days -'] WO 03/046187 PCT/ EP02/ 13297 -54- Clainms 1. A
met hod for producing a transforned eukaryotic host cell which expresses a
reconmbigiaifis pol ypepti de of interest which nethod conprises introducing into
a eukaryotic host cell: (a) a first polynucl eotide vector which conprises
(i) a first nucleotide sequence which encodes a reconbi nant pol ypepti de of

interest, anglefrob)o ré&@&ﬁ@a%ﬁbﬁ%é@%uka??‘&lé%g?cﬁwggﬁ &g%rgs gctable

mar ker, whi ch second nucl eoti de sequence 1s the host cell

i s cont'@kanekingntprlypertide-eftintgresiybich methad compusesdairrticing ipiwacbdaryiatie vect or
havi ng rggsgpt i al |y the same nucl eotide sequence as the first

pol ynucl eotide vector except that the second nucl eotide sequence is

repl aced wi {8 adirsthalnuslestieveeter whighsomprisasi () a firstonmtestide deduience mhich

sel ectabl e Iy ' A Lde I 0
pol ynucl eot Ieggdd\%ctrg&&ﬁ%&%éﬁ%@éﬁr{@?ghﬁﬁ%é&, ?%O:Eﬁs ggﬁo#gd @&C?‘%qg@ehost cel |.
2. The net heequshceleaceding askleckibie maekef,iwhich secdnd @adedtigmsequenteist | de
vectors are I e LOf.L into the host cell. 3. The nmethod of
claim1 V\/ne?g'?lrllli%!L%%eﬁgﬁlﬁ%%f'3%?#%2%9%%&%939@885@89{?3”‘3di hydr of ol at e
reduct ase p(H)ypEpond polgnaci¢dtielesactr having agsuntiailysthesiahmet mielattide séquehiae
AL C!ag tHe f%'stvg]o?yrn%'créohgg véé 8P t%egﬁ%t thlsgggrPc} rlu(ljc?eo(%lfdelsga&ernecsetis 's human

replaced with a third nucleotide sequence which encodes a different selectable

marker;

the first polynucleotide vector and second polynucleotide vector being integrated into the

genome of the host cell.

2. The method of claim 1, wherein the first and second polynucleotide vectors are
simultaneously introduced into the host cell.

3. The method of claim 1 wherein the second nucleotide sequence encodes a

dihydrofolate reductase polypeptide and the selection agent is methotrexate.

4.  The method of claim 1 wherein the recombinant polypeptide of interest is human
erythropoietin.

5.  The method of claim 1 wherein the third nucleotide sequence encodes resistance to
an antibiotic.

6. The method of claim 5 wherein the antibiotic is G-418, neomycin or a different
antibiotic of the neomycin group.

7. The method of claim 1 wherein the host cell is a Chinese hamster ovary (CHO) cell.



erythropoietin. 5. The nethod of claim1 wherein the third nucl eotide
sequence encodes resistance to an antibiotic. 6. The nethod of claim5b
wherei n twe oansdiBi otic is G 418, neonmycin or a different PemtEPD2/G2PT of t he
neonmycin group. 7. The nmethod of claim1 wherein the host cell is a Chinese
hanster ovary (CHO cell. WD 03/04618®5PCT/ EP02/ 13297 -55 8. A nethod for
produci ng a transfornmed eukaryotic host cell which expresses human

eryt hropoi etin which nethod conprises introducing into a CHO host cell: (a)

a firstg.pol A meticrbr produeiag artradaictned @O"Rén?fét%dsit telPwhich Skpradsd<Sain _
sequence c(g]des hunman er yt hr opoi e d (ii) a second nucl eotide

tS,hich,er‘1 I etin, an
sequencdYBRPSHIAGVNICH Metcdcamprises tgdvergintom §HMNost celicond pol ynucl eot i de

vector havi 9 £HEPSIYRAldSbtitB oS RNIH CoRPHEEE) SEHEN R otAS stegugedfdermﬁﬁch

pol ynucl eotide vector except that the nucleotide sequence en ng

di hydr of ol att8ceerpumanenythropgietine and i) ersegondnuclectideIsequerie ensgdivgce whi ch
encodes  an giydrAShkGealiciSsd ipgphot ransf erase which confers resistance to
G 418, neonyci'n or a different antibiotic of the neomycin group; the first
pol ynucl eot i(elea §egondwolngcieetidamuegion Raving essentirllytee same eiclegtidseqpeated
into the g e tjhqd 1ai erein.the
first nucl e%te ?{gg @é&qhgﬁgggéé%% ls’%a%%'agxﬁgltg%t% en&ci%oglggn%@%gﬁ%et 8°q"P9 rd
nucl eot i de siihydwicateaeducipes isbieplaced kdt & third muSl¢dtideeseduenpe whidhegncodd®. The

a . ) oot i h q
e oot | de. “DeideatlieSi dhokPordrshe NPk BBRBR6E 1o Bar BTV ricea
to a nucl eoor ddifmeyuantibioti@nbﬂ)dimgbngciﬁ\g?&d;arge T pol y?dgn%/Ie?ti ?nwﬁ: gﬂal )
11. A ol ypeptide. of |n

et hod T sbPP el e Py Bad S5GM B RaBRI RereaalsBeded e e ot hod

of cl aigenémerudétie hasboell.t i ons that permt expression of the first nucleotide
sequence. 12. The nethod of claim 11l wherein the host cell is cultured in
the presence of a selection agent that causes anplification of the second

nucl eotdi de Theqnethodof A3im § Mberadi frediiref nueleatide daquenes,ah8 sbEshdRicRittlde
nucl eoti de se u%rlge e?iCOdfs a di hé/dr of ol at e reduct ase gola/peptl de and the
sel ect PEAVIFERNY, e Hirdicleglide sequence are operably linked to an SV40 early promoter.

10. The method of claim 8, wherein the first nucleotide sequence, the second nucleotide
sequence and the third nucleotide sequence are operably linked to a nucleotide sequence
encoding a SV40 large T polyadenylation signal.

11. A method for producing a recombinant polypeptide of interest which method
comprises cuituring a transformed host cell produced by the method of claim 1 under

conditions that permit expression of the first nucleotide sequence.

12.  The method of claim 11 wherein the host cell is cultured in the presence of a selection
agent that causes amplification of the second nucleotide sequence.

13. The method of claim 12 wherein the second nucleotide sequence encodes a

dihydrofolate reductase polypeptide and the selection agent is methotrexate.

14.  The method of claim 11 wherein the recombinant polypeptide of interest is
erythropoietin.



14. The method of claim 11 wherein the reconbi nant pol ypeptide of interest
is erythropoietin. WO 03/046187 PCT/ EP02/ 13297 -56 15. The met hod of

cl ai m 11 woasweid181 he expressed reconbi nant pol ypepti de of PCAtEPOR$3297 S
secreted into the culture nmedium 16. The nmethod of claim15, which further
conprises recovering the expressed ré&6onbi nant pol ypeptide of interest
fromthe culture nedium 17. The nethod of claim 16 wherein the reconbi nant
pol ypeptide of interest is erythropoietin. 18. A transforned eukaryotic

host celg, cpRRH&RLAST clhit 9 WAkRN HY &p?él.}%eg Fc?dgﬂ{b%an? ?{)Qg%ﬁ@g‘?ﬁ intéradti@ first

pol ynucl eoti de vector which conprises (I I'rst nu sequence whi ch
encode$esretetimihgLHlturgangdept i de of interest; and (ii) a second nucl eotide
sequence whi ch when integrated into the host cell genone is anplified when

the host cell is contacted with a selection agent that causes

anpl i f i1€at iThe rogthed ef claige 1 Bovhicke fusthguesroprisan deqovering thecopdessed ynucl eot i de

vect or | J ; i de.sequence as the first

pol ynué?@ﬁ?g%ﬁ\?gﬁgéﬁeéx%éé@%ﬁiat {tﬁg%g@%%ﬂge%ﬁ%ﬁ'l eoti de sequence is
replaced with a third nucl eoti de sequence which encodes a different

sel ectghl e . T t cell of .clgim18 erein the second

nucl eotq ?de@%%ﬁé%oéﬁ%'omdgéwgg%ﬁ JFS?%?'Q?@ P%/BSB? A BEIS™BBoti de. 20. The
host cerythopoietiai m 18 wherei n the reconbi nant pol ypeptide of interest is

erythropoietin. 21. The host cell of claim18 which is a CHO cell. 22. A
transfornmed mammal i an host cell conprising stably integrated into one or

nore  dBr ovpisansarmed @)ikaryptid M@&t@eﬂ@bﬂnﬁﬁsiﬁgﬁ%@%&ﬁ%d’ﬂo@hms a
dihydroFoIate reduct ase pol ypeptide and erythropoietin, and (b) a
pol ynuél"E9%48*®Sequence, which is distinct from the pol ynucl eoti de

sequence of (a()@firﬂ%l%b@bti@?&ﬁ@ﬁwﬁ&h’b&h@rﬁ&%ﬁﬂ%ia'?irét'h@c@oﬁ@% YRRIRhES Ghickhi ch
confers esgrsléoa eg% rggor%tr)llngrr\]ttp;otl)yl/p%tpltigé o%e?gét;oandl(isi)7a spgc;lgngpn%%{e%)ﬁgg !

sequence which when integrated into the host cell genome is amplified when the

host cell is contacted with a selection agent that causes amplification of the

nucleotide sequence and

(b) a second polynucleotide vector having essentially the same nucleotide sequence

as the first polynucleotide vector except that the second nucleotide sequence is

replaced with a third nucleotide sequence which encodes a different selectable

marker.

19.  The host cell of claim 18 wherein the second nucleotide sequence encodes a
dihydrofolate reductase polypeptide.

20. The host cell of claim 18 wherein the recombinant polypeptide of interest is
erythropoietin.

21. The host cell of claim 18 which is a CHO cell.

22. A transformed mammalian host cell comprising stably integrated into one or more
chromosomes, (a) a polynucleotide sequence which encodes a dihydrofolate reductase
polypeptide and erythropoietin, and (b) a polynucleotide sequence, which is distinct from
the polynucleotide sequence of (a) and which encodes erythropoietin and a polypeptide
which confers resistance to an antibiotic.



-57 23. The host cell of claim22 wherein the antibiotic is G418, neonycin
or adifferent antibiotic of the neonycin group. 24. The host cell of

cl aim 22 whiosl4d187 a CHO cell. 25. A nethod for produci ng PexmPb2/n2er hunman
eryt hropoi etin which nmethod conprises culturing a host cell according to
claim 22 under conditions that perm t58&xpressi on of the polynucleotide
sequence encodi ng human erythropoietin. 26. The nethod of claim25 wherein
the host cell is cultured in the presence of nethotrexate. 27. The net hod
of claim 25 wherein the expressed reconbi nant pol ypeptide of interest is
secreted into the culture nmedium 28. The nmethod of claim 27, which further
conpri €8s rTéedest ¢allpf claim @2pvhersindhe aniitiotivi is &4 18, okgpyginiode differemit er est
from t hewcul j A conposition conprising: (a) a first

pol ynu%ﬁ'(e'%ﬁ'%g(t\ﬁgcﬂég@v%igﬁupéorrpri ses (i) a first nucl eotide sequence which
encodes a reconbi nant pol ypeptide of interest, and (ii) a second nucleotide

sequencg W%Ellp,logp éﬁJfghﬁﬁ?%t%q?mg;aoggbg%eﬁost cell genone is anplified when

the host ce i's contac 1 on agent that causes
anplification of the nucleotide sequence; and (b) a second pol ynucl eoti de

vect or jhavi,n ntially the sane cl eoti de sequence, as the first

pol ynugPéo 'ﬂgﬁgéi?r(ﬁlo% %Eecf’ﬂ%fnaPEE”@@%B rﬂ‘?ﬁ!g%b‘f’ﬁ“ﬂlé "?émd;?ﬂf%mls@s

r epl aceditwingha hodtleel dedondihg @ tidien 22 areacsnalibsd thansadfiserélisidnesteny

sel ect ab The conposition of .¢c]aim?29 wherein the reconbi nant

‘e | r4<er. 30. Th

pol ypepPVRYcIgplqefegHgrge encod mal} SVHYRRABEY i n. WO 03/ 046187

PCT/ EPO2/ 13297 -58 31. The conposition of claim29 wherein the second
encodes di hydrofol ate reductase. 32. The conposition

I i.d
2? Ccleg%h\ Séfﬁgﬂﬁ@?cfoft%nwﬁ vhergiitihedosteellde elitrrcindhe Bersenceiebomy ci n
phosphgaidtiieikay ase.

27. The method of claim 25 wherein the expressed recombinant polypeptide of interest is
secreted into the culture medium.

28. The method of claim 27, which further comprises recovering the expressed

recombinant polypeptide of interest from the culture medium.

29. A composition comprising: ‘
(a) a first polynucleotide vector which comprises (i) a first nucleotide sequence which
encodes a recombinant polypeptide of interest, and (i) a second nucleotide
sequence which when integrated into the host cell genome is amplified when the
host cell is contacted with a selection agent that causes amplification of the
nucleotide sequence; and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynucleotide vector except that the second nucleotide sequence is
replaced with a third nucleotide sequence which encodes a different selectable
marker.

30. The composition of claim 29 wherein the recombinant polypeptide of interest is human
erythropoietin.



WO 03/046187 PCT/EP02/13297
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31. The composition of claim 29 wherein the second nucleotide sequence encodes
dihydrofolate reductase.

32. The composition of claim 29 wherein the third nucleotide sequence encodes
neomycin phosphotransferase.



