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erythropoietin (Epo) with a defined conposition of glycoforns in a highly
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i nvention Erythropoietin is the principal hornone regulating the
proliferation and differentiation of erythroid progenitor cells and the
mai nt enance of physiological levels of circulating red blood cells. In the
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SOur Casrotein with a calculated molecular weight of 18396 Dalton. The mature protein usually has

a one amino acid N-terminal deletion, and is 165 amino acids in length. The signal
sequence directs the peptide to the cellular compartments involved in the proper |
glycosylation, leading to a mature protein with three N- and one O-glycosylation site. The
sugar moiety, which makes about 40% of the total molecular weight, is essential for the full
biological activity of Epo. Several studies have shown that the number of terminal sialic acid
residues have an positive effect on the in vivo halflife, although the in vitro activity, i.e. the
binding to the receptor, is highest in the non or partly glycosylated form (Takeuchi and
Kobata, 1991, Glycobiology 1(4): 337-348). The degree on sialylation is directly proportional
to the half-life, where the isoforms with less sialic acids are much faster cleared from the
organism and therefore show less activity.

The objective in generating a highly active recombinant erythropoietin is to create a
product with a high degree of terminal sialic acid residues by a well optimized fermentation
strategy and by a selective purification protocol.

There are numerous publications on the purification of Epo from different sources.

Before the cloning of erythropoietin and use of recombinant DNA technology, most of the
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J. Chromatogr. 791: 109-118 used a DEAE-Sephacel to separate isoforms of erythropoietin

generated in a B-lymphoblastoid cell line after an affinity chromatography step. They

analyzed the purified product by isoelectric focusing, but did not pool fractions with a

defined isoform.

J. Burg et al., W099/28346 purified Epo to a high degree on N-acetyl-lactosamine

units and/or tetra-antenna branches in the carbohydrate structure. The DSP sequence

starts with a cell culture supernatant, capture by affinity chromatography, purification by

hydrophobic interaction chromatography, hydroxylapatite and reversed phase

chromatography. Drawbacks of this procedure are a possible leakage of the Cibacron Blue

3G dye-ligand of the blue-sepharose capture matrix, a rather weak separation of host cell

proteins by the HIC step and a silica based RPC resin, which is not stable to sanitation by

NaOH.



proteins by the HC step and a silica based RPC resin, which is not stable
to sanitation by NaOH WD 03/045996 PCT/EP02/13299 -3- Sunmary of the
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purifying reconbi nant human erythropoietin (rhEpo) froma cell culture
nmedi um conprising host cells, which mgthod conprises the steps of: (a)
renmovi ng host cells, cellular constituents and debris fromthe cell culture
medi um by performng a procedure selected fromthe group consisting of (i)
centrifugation followed by a depth filtration step, (ii) a depth
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medi um supernatant; (b) adjusting the conductivity of the supernatant to 5
mS/cmor less, and a pH of between about 7.0 and 8.0; (c) applying the
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(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.

Detailed Description of the invention
A new purification protocol has been developed that makes use of modern,

polymeric resins, which are rigid and withstand harsh cleaning in place procedures including
1 M NaOH or acetic acid. Furthermore, these resins have high binding capacities and allow
high flow rates for an efficient process at production scale. Resins with potentially leakable

ligands, such as lectin or dyes, which could pose problems to patients are not used.



1 M NaCH or acetic acid. Furthernore, these resins have hi gh binding
capacities and allow high flowrates for an efficient process at
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analytical tool in the production of a defined composition of isoforms of a glycosylated
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protein or polypeptide. In particular, such use can be favourably applied in the production of
a defined isoform composition of recombinant human erythropoietin. The present invention
therefore comprises a method for production of a defined isoform composition of a
glycosylated protein or polypeptide, in particular of recombinant human erythropoietin, said
method comprising analyzing samples (which may be fractions of a chromatographic
purification step) comprising one or more isoforms of a glycosylated protein or polypeptide
using CZE, and, where desired, pooling such samples which contain the desired isoform(s)
of such glycosylated protein or polypeptide, in particular wherein said isoforms of the
glycosylated protein or polypeptide are isoforms of recombinant human erythropoietin.
Furthermore, this process is designed to release only very low amounts of cellular
proteases during primary separation by reducing shear stress and cell lysis, and using
conditions where residual proteases are not active and harmful to the product. This is



purification step) conprising one or nore isofornms of a glycosyl ated
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pol ypeptide, in particular wherein said isoforns of the glycosylated
protein or polypeptide are isoforns of_reconbinant human erythropoietin.
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(b) adjusting the conductivity 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.



chromat ography step using a resin that can be run under nedi um pressure (<
10 bar) and is resistant to high concentrations of NaOH, the rhEpo being
el ut ed uswogsa4isgpsmear gradi ent of an organi c solvent; (ePpPCaEPOYiINIE one or
nore fractions eluted in step (d) which contain rhEpo to a colum
conpri si ng ani on exchange chromat ograghi c nmedi a; washing the colum, and
eluting the rhEpo using a linear salt gradient; (f) selecting one or nore
fractions eluted in step (e) which contain rhEpo based on degree of -
sialylation of the rhEpo; and (g) subjecting one or nore fractions el uted
in step (f) which contain rhEpo by one or nore size exclusion
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di mers and higher aggregates; and collecting the eluate containing rhEpo.
WO 03/ 045996 PCT/ EP02/13299. -6 Preferably, the centrifugation in step (a)
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preferably may be combined, are subjected to an ammonium sulfate precipitation step to
precipitate contaminating host cell proteins, the ammonium sulfate concentration of the
supernatant then being adjusted to a concentration compatible with step (d). Before
loading the reveised phase column of step (d), such concentration preferably is less than
0.24 M ammonium sulfate.
Typically, the pH is adjusted in step (b) to about pH 7.5. Preferably, the washing in
step (c) is performed with an appropriate aqueous buffer, e.g. a Tris buffer, comprising a
salt, like NaCl. In a preferred embodiment, a 20 mM Tris buffer with a pH of 7.5, comprising
50 mM NaCl, is used. The elution is likewise performed with an appropriate aqueous buffer,
e.g. a Tris buffer, comprising a salt, like NaCl. The elution step in step (c) is generally
performed using a buffer having a salt concentration between 100 mM and 1 M, in particular
of greater than 125 mM, preferably 150 mM. In a preferred embodiment, a 20 mM Tris
buffer with a pH of 7.5, comprising 150 mM NaCl, is used in this elution step. The organic
solvent in step (d) preferably is selected from the group consisting of acetonitrile, ethanol
and hexylene glycol (i.e. 2-methyl-2,4-pentanediol), acetonitrile being most preferred.
Preferably, before applying fractions comprising erythropoetin to the reverse phase
chromatography, the fractions are diluted with an aqueous buffer, like 20 mM Tris/HCl, pH
7.0, comprising the organic solvent, preferably acetonitrile. After applying the diluted



step (c) is performed with an appropriate aqueous buffer, e.g. a Tris
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| nventggmmr,magé,egn{ta) any of the procedures (i), (ii) or (iii) is
followed by a sterile filtration step. Typically, this is perfornmed by
usi ng & a further embodiment of the present invention, during the process of the present

invention fractions derived form a chromatographic column may be subjected to an
ultrafiltration step, in particular for concentration. Accordingly, in a preferred embodiment, in
step (@) the fractions are subjected to an ultra-filtration step prior to the size exclusion
chromatography step,. In another preferred embodiment, in step (d) the fractions are
subjected to an ultrafiltration step prior to reverse phase chromatography. In a likewise
preferred embodiment, if the process of the present invention comprises an ammonium
sulfate precipitation step, as described above, the peak fractions from step (c), single or
combined, are subjected to an ultrafiltration step prior to such ammonium sulfate
precipitation step. Preferably, all of the three ultrafiltration steps mentioned herein are
employed in the process of the present invention. For example, a membrane with a cutoff of
between 5 kDa and 10 kDa, for example 10 kDA, preferably with a 5 kDa cutoff, may be
used in such ultrafiltration process.



0.2 gmfiltration unit. In a further enbodi nent of the present invention,
during the process of the present invention fractions derived forma

chr omat ogwaphiogssg®l um may be subjected to an wultrafiltr@Cr@ErPoyizpy in
particular for concentration. Accordingly, in a preferred enbodinent, in
step (g) the fractions are subjected g0 an ultra-filtration step prior to
the size exclusion chromatography step,. In another preferred enbodi nent,
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nmet hodrdoovering and purifying recombinant human erythropoietin (rhEpo) from a harvested cell
culture , which method comprises the steps of:
(a) harvesting the cell culture and removing the host cells, cellular constituents and
debris.from the culture medium by performing a procedure selected from the group
consisting of (i) centrifugation using a disc stack separator followed by a depth
filtration step, (i) a depth filtration step, and (jii) centrifugation, each followed by a 0,2
pm filtration step to obtain a clarified culture supernatant; and
(b) adjusting the conductivity of the superatant to 5 mS/cm or less, and a pH of
between about 7.0 and 8.0; and
(c) applying the supernatant from step (b) to an anion exchange column packed with
Q-HyperD F , washing the column, eluting the rhEpo from the column, and collecting
the peak fraction(s) that contain rhEpo; and
(d) subjecting the combined peak fractions from step (c) to a reverse phase
chromatography step using a polystyrene resin that can be run under medium
pressure (< 10 bar) and is resistant to NaOH CIP conditions such as Source 30RPC,

the rhEpo being eluted using a linear gradient of acetonitrile; and



recovering and purifying reconbi nant human erythropoietin (rhEpo) froma
harvested cell culture , which nmethod conprises the steps of: (a)

har vest i ngotohm4z9eé | cul ture and renoving the host cells, e@eTmEP0A13299
constituents and debris fromthe culture medi um by perforrri ng a procedure
selected fromthe group consisting of_(i) centrifugation using a disc
stack separator followed by a depth iltration step, (ii) a depth
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precipitation step to precipitate contaminating host cell proteins, the ammonium sulfate
concentration of the supernatant then being adjusted to a concentration compatible with
step (d). Preferably, said concentration is less than 0.24 M ammonium sulfate. Likewise
preferred in this context, the preferred method of the present invention further comprises a
dead-end nano-filtration step to remove viruses before or, preferably, after step (f).

In relation to the source material for the purification procedure, it is preferred that the
host cells have been cultured in serum-free culture medium. It is also preferred that the host
cells have been cultured using a discontinuous fed batch fermentation process. In
particular, the host cells are capable of expressing recombinant human erythropoietin and
secreting the erythropoietin into the culture medium. Host cells are generally mammalian
cells. Preferred host cells are CHO cells.

The present invention also provides a composition comprising purified recombinant
human erythropoietin produced by the methods of the invention. The present invention
further provides purified recombinant human erythropoietin obtainable by the methods of
the invention and a composition, in particular a pharmaceutical composition, comprising

said purified erythropoietin.



second half of the elution peak. As outlined above, in a preferred

enbodi nent prior to step (d), the conbi ned peak fractions fromstep (c)
are subj ewDad/08399@n ammoni um sul fate precipitation step PCTmEPOTIRHY at e
contam nating host cell proteins, the ammonium sulfate concentration of
the supernatant then being adj usted tpa concentration conpatible with
step (d). Preferably, said concentration is |less than 0.24 M ammoni um
sulfate. Likewise preferred in this context, the preferred nethod of. the
present invention further conprises a dead-end nano-filtration step to
remove vi r uBkeferbblyoihe apmposition brapidefingd centent of glycosylatian/sidylatioron to t he
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t he hi t hal f of
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nucleic acid vectors and host cells in which (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 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.
Preferably the host cell is a mammalian cell, more preferably a Chinese hamster
ovary (CHO) cell.
Preferably the second nucleotide sequence encodes a dihydrofolate reductase
polypeptide and the selection agent is methotrexate. Preferably the recombinant
polypeptide of interest is human erythropoietin. Such systems are described in the

examples section of this document.



The biol ogical activity of the purified protein can be determned in vitro
and/or in vivo. A suitable in vitro test is described in Hammerling et
al ., 1996woJ3misapén Bi omed Anal 14(11):1455-69, which invelCrapor/ervd ng for
proliferative stinulation of an erythroid cell line. A suitable in vivo
test is described in Ghanemet al., 1094, supra, which involves

determ ning the incorporation of 59Fe into red blood cells of polycythemc
mce. In a preferred aspect the present invention can be conducted in
conjunction with nucleic acid vectors and host cells in which (a) a first
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I nterest i s human erythropoietin. I-Slégg:] sy%tgms are descr.i bed in trhhe
exanpl eall @aybp ghipeserhamsistayath(C Yo/ 5B dRENiSPr BFYIPSCEDEE N e (o) | s
are adg%@gggww of Wié db&imémt. () providing a host cell which conprises a
nucl eoti de sequence whi ch encodes the reconbi nant pol ypeptide of interest

and which directs expression of the reconbi nant pol ypeptide of interest in

the host celjniesé B:fifdcPdthEiwiee, Al tE@HNER ARcEscisnikit terisRAY WhereiMhave henpr i ses
(i) water, a plant-derived peptone, an aosnpl allt% regul at or,, uffer, an

) . a
ener gy samameaningraseemBpPRly ungderstqaddysengrof ordipary skH in Yigart -9~s'815’tel?e of iron,
non-fe %{h% : ' i ARde&it Ging, and (ii)
does %%@H%’on g?lhalja y Ttlﬁ%‘,ﬁ\_ulﬂ%ﬁcgﬁd g@?@gﬁ%?ﬁ?éﬂ?atandé(c)@?jl turing the host
cel | i hiochemistryx Standardileghniquesiare ussdder melagulam genelic a5\ Bieshedi¢dlessi on of
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(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et al.,
Short Protocols in Molecular Bfology (1999) 4™ Ed, John Wiley & Sons, Inc. - and the full
version entitled Current Protocols in Molecular Biology, which are incorporated herein by
reference) and chemical methods.
The present invention is described further with reference to the following examples, which
are illustrative only and non-limiting. In particular, the examples relate to preferred

embodiments of the present invention.

EXAMPLES

Materials

Host cell line
Chinese hamster ovary (CHO) dihydrofolate-reductase deficient (ATCC CRL-9096). They
have been deposited under the Budapest Treaty under deposit designation no. ATCC PTA-
3672 at the American Type Culture Collection (ATCC), Rockville, Md. 20852, USA, on
August 29, 2001.

Cell culture Media
Cultivation medium: DMEM supplemented with L-Glutamine, 4mM, 10% FCS,




cell may be a Chinese hanster ovary (CHO cell. Such techniques are
described in the exanples section of this docunent. Unless defined

ot her w sewoaBlo4i9e€hni cal and scientific terns used herei nPecaEPor/x99 same
meani ng as comonly understood by one of ordinary skill in the art (e.g.,
in cell culture, nolecular genetics,qgqucleic acid chenmistry, hybridization
techni ques and biochem stry). Standard techni ques are used for nol ecul ar,
genetic and bi ochem cal nethods (see generally, Sanbrook et al., Mol ecular
Cloning: A Laboratory Manual, 2"d ed. (1989) Cold Spring Harbor Laboratory
Press, Col dHEdH VP@‘Q%H%F“YN"’WGMHH Ausubel et al., Short Protocols in

Mol ecuég, t%norln@, e 1999) %MEﬁpsupb%?ﬁbr%(ﬁ Wﬁh&-@@i&?ﬂlné AgnM, and the full

)
version entitl eg Current Protocols in | ecul ar Bi ol ogy, Whi ch are
i ncor por at edialyaed FRSyj 0% a4t §)5 m@ﬁ'ﬂchem cal methods. The present

| nVent hBichuBR AARRS U bR Wplbri el G B-Giftiahie, luptovi ng exarpl es.

whi ch ustrative only an imting. In particular, the exarrples
rel ate to pdiefyzed EES, 40%o6idik8,0.5 mg/ml,ld@dpr esent i nventi on. EXAMPLES

Material s Mﬁ(t ' ovary (CHO
di hydr of ol at'e- r(gﬁeg'l(‘:étggs)%& &%I en ?%&6\ 9096) They have been
deposi Fe@zingdeeditme BudapeBMEW sigiplenerded witk pe@lutamirss idgrMt i on no. ATCC PTA-
3672 at the an ure Collection (ATCC), Rockville, M. 20852,
USA, on Eégeqég’ @O%@gog+% culture Media Cultivation nedium DVEM
suppl eBemﬁmﬂematibptbﬂﬁi\ miedimmmet : 14JMEM/H}%’§€$2 SUPpBiedtsDOiEh:PCT/ EP02/ 13299
-12- xant hi Thym di S tion M suppl ement ed
with Ilzgroéﬁ"?l}t%gﬁ?"?@t CEIAACS: di al 32'@3& ?6& éfa@&'i ng}b}mb Anpl i fication
nmedi um DVH smmhaesappleudem tiky Fkluﬁntd-ma el %AMM  di al yzed FCS 10% @418,
0.5 ng/m, X ex 6 8x10 8M - 1. 54x10- 6M Freezi ng nmedi um
DVEM suppl e%égf’tl\a/& \MQQ/H‘ W Jt%#ﬁ%?q
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/l,
NaHCO;, 2.5g/|
Serum-free freezing medium PBS, PVP-10, 20%, DMSO, 5%
for recombinant cell-lines: Hybridoma Supplement, 100x Ethanolamine - 2.5x10° M,
Ferric-Citrate - 2.5x102 M, L-Ascorbic Acid - 2.0x10° M,
Sodium Selenite - 5.0x10° M

Plasmid constructs

pEpo/neo

This plasmid encodes the coding region of Epo and the neomycin resistance gene as two
different expression cassettes each under control of SV40 early promoter/terminator
sequences. The construction details are provided in Example 1.

pEpo/dhfr

This plasmid encodes the coding region of Epo and dhfr as two different expression
cassettes each under control of SV40 early promoter/terminator sequences. The

construction details are provided in Example 2.

Methods in cell culture
Growth of CHO-dhfr




FCS, 10% and DMSO, 10% Serumfree adaptation nedium1l:1 DVEM Haml's F12,
suppl enented with: for reconbinant cell-lines: L-d utam ne, 6nV

Soya- peptwoaBiF9©. 25% Hybri doma Suppl ement, 1 x, Pl uro®CEAP6813202 1 %
. 418, 0.5 nmg/m, MIX, 1.54x10-6M Serumfree production nedium 1:1

DVEM Ham s F12, supplenented with: Soya-peptone/ UF, 0.25% Hybridoma
Suppl ement, 1x, Lutrol, 0.1 % MIX, 1.54x10-6M ducose 1 g/l, NaHCGO3,
2.59/1 Serumfree freezing nedium PBS, PVP-10, 20% DWVMSO 5% for

reconbi nant cell-lines: Hybridoma Supplenent, 100x Ethanol am ne - 2.5x10-3
M  Ferri c- Dihydeofelate redgstase defigient CHStegllsi(Uriawh et al., 298Q, RINAS K7 (7):43H6-um

Sel eni ggzoa (gfggﬁe]@t"o%@éﬁba(ﬁma%{(ﬁ&ﬂﬁ}aié&E%M@lﬁ%ﬁﬁﬁﬁon mgﬁiﬁnﬂl\liﬁrsérb;,\gnﬁ@lcodes

t he coding ‘region o 0 an € neonycin resistance gene as t fferent
expr esgdtionl: tivded a@eekach under control of SV40 early pronoter/term nator

sequences. ;eTpe cpggé[ Uﬁlg lon details are provided in Exanple 1. pEpo/dhfr
This p ' codi ng region of Epo and dhfr as two different
expr essi on 16as6ttdlie peeomb arnstmded or25ont® Toflask\biitlescor|9p-welbptatee the dayri nat or
sequences. TJhe. conpnstruction details rovided. i n,Ex A thods in
cel | chbin S Teplsin vahsiaptshyf e el T e BBt BT rem 13586 xgd i e
Di ?y;ir appropiisie &) addsee teltki lipbftin FagesilIBCOBRIgHecerding to thel 980, PNAS
77(7):4216. 4220) (referr 0 aSs dhfr) are cultivated in M
cul ti VWHWCM%%WCPE((); SIB'IE/F‘PI%'I ﬂ-ge" e ?%'% f.re_Lﬁv‘?r!Jﬁ'CL‘g'\{%hﬁgW.Sf%msf ection
of CHOc6&KdiNor fomx idéixteeh lhduah sefith-Reée DMEM|aRfore tRS DMA-Jorftdisiad mealiunh es or
96-wel | plates the day, before H]e liF/Of'ng n tr%g%f ection is Igerformed.
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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 (4.8x10°

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.

Analytical methods

ELISA detecting Epo in different matrices

Antibodies

pdlyclonal serum: rabbit anti Epo biotinylated (R&D Systems; Catalog # AB-286-NA)

monoclonal antibody: mouse anti Epo (Genezyme; Cat. code AE7A5)

ELISA buffers

Coating buffer: 8.4 g/l NaHCO; 4.2 g/l Na,COj3 pH 9.6-9.8

Washing buffer: 0.2 g/l KCI, 1.15 g/l Na,HPO4 x 2H,0, 0.2 g/l KH,PO,, 8 g/l NaCl,
0.1 % Tween 20

Dilution buffer: 2% PVP (Sigma Cat.No. PVP-40T) in washing buffer

Sample buffer: 0.5% alpha mono-thio-glycerol in dilution buffer
Staining buffer: 7.3 g/l Citric acid x 2H,0, 11.86 g/l Na,HPO4x2H0, pH 4.8-5.0
Staining solution: 100ul OPD solution/10 ml staining buffer

5ul Ho02/10 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-
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Nucleus size determination

Materials

Coulter Counter® Model ZM (Coulter Electronics Inc.)

Coulter Channelyzer® Model 256

Incubation solution:  Citric acid, 0.1M, Triton X 100, 2%

Electrolyte Isoton Il (Kat-No.844 8011; Coulter Euro Diagnostic GmbH)

The Coulter Counter'quantifies particles in size and number, that are suspended in
an electric conductive fluid. The fluid is absorbed by vacuum through a capillary which
carries electrodes on both sides. The change of the resistance induces a voltage impulse
that can be digitized by the Coulter Channelizer. Nucleus size correlates with DNA content
of the cells, so that it is possible to distinguish between a diploid and a polyploid set of
chromosomes.

Method
Approximately 1x10° CHO-cells are washed once in PBS, resuspended in 2 ml incubation
solution and left there for 4-5 hours. The following steps are specific for the Coulter
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)
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Materials

System:  Multiphor I, Amersham Biosciences

IPG Gels: pH2.5-7

Reswelling buffer: 9 g urea, 0.5 g CHAPS, 0.04 g DTE, 0.5 ml resolytes (pH 3.5-10)
10 pl bromphenol-blue (0.1%), adjust to 25 ml with H:0

Sample buffer: IPG sample buffer pH 3-10, 25yl in 625 pl HO

Blotting buffer: 2.93 g Glycine, 5.81 g Tris, 20 mi methanol, 0.375 g SDS
adjust to 1000 ml with H,O

Blotting matrix: PVDF Immobilon P 0.45 uM Millipore; K8JM8238H

Washing buffer: see ELISA washing buffer

Dilution buffer: 1% milk powder in washing buffer

Detection buffer: NaCl, 0.1 M, Tris-HCl 0.1 MpH 9.5
Method

Epo containing samples are adjusted to 500-1000 ng/50 pl, desalted, diluted 1:1 in sample
buffer and applied 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 conjugated and NBT/BCIP staining.
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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
effects on proliferation, while Epo can maintain the viability for some time. The cells are
routinely grown in GM-CSF and Epo containing cultivation medium.
Test Supplements

Cultivation medium:  RPMI 1640, supplemented with 4mM Gin, 10% FCS,

20pg/ml transferrin, 10uM beta- mercapto-ethanol,

12ng/ml rhGM-CSF, 3U/ml rh Epo,

Test medium: RPMI 1640, supplemented with 4mM Gin, 100pg/ml transferrin,
2mg/ml BSA

Methods
The functionality test is performed as a MTT viability test in 96-well plates (Hammerling et
al., 1998, 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 pl 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
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are wa‘gﬂ%@e?ﬁlf@é)mot%rhes with cold PBS and adapted to 2x105 cells per ml in

test medi unPlaBmichpS¥2reodATEE 3&H49) is cut with the restriction enzymes EcoRI 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
and a neighboring Pvull — Hindlll fragment which contains a fragment of the SV40 early

promoter. The 2637 bp is prepared and purified via gel electrophoresis.

1.2 Preparation of the neomycin resistance gene

The neo gene is taken from the transposon Tn5 of pSV2neo. It is amplified as a fragment
containing solely the coding region of the gene. As part of the cloning strategy, recognition
sites for restriction endonucleases are introduced at both ends. A Hindlll site is built in the
upstream amplification primer, an EcoRl and a Spel site in the downstream primer. The
amplified region corresponds to nucleotides 2846 to 1938 in the sequence of pSV2neo
(Genbank Accession No. U02434). The oligonucleotides are designed as follows:

Oligo 2004-01:  length: 38mer

5’- ggg gga agc ttg ttg gga agce cct gca aag taa act gg -3’ SEQ ID No.1
5° Hindill: 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 gtc aag - 3° SEQID No. 3
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gt ¢ aagagmént fmedpBV2N®o Bing 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.

Plasmid DNA is isolated from clones and checked by restriction analysis using EcoRl

plus Ncol (3 fragments of 2527 bp, 780 bp and 251 bp, respectively). Plasmid

DNAs showing the expected fragments are further checked by sequencing relevant parts of

the constructs. A plasmid DNA containing a verified SV40early promoter and neomycin

resistance gene is designated as p1-neo.

1.4 Preparation of the SV40 termination region SV40LTpolyA/IVS

PCR primers are designed to amplify a fragment (nucleotides' 751 to 1598) of the SV40
termination region present in pSV2neo. The upstream primer also contains a restriction site
for Spel. In addition to the BamHi site already included at position 751 of pSV2-neo an
EcoRl site is introduced into the downstream primer separated by a 6 nucleotide spacing

region from BamHI. The sequences of the two primers are as follows:

Oligo 2004_05: length: 40mer
5°- ggg gac taq it gtg aag gaa ccttac tic tgt ggt gtg a -3’ SEQID No. 5

5" Spel: actag - t (= pos. 1598 in pSV2neo) tigtgaagga............. SEQID No. 6
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2, Construction of plasmid p3

21 Preparation of the SV40 early promoter fragment

Plasmid pSV2neo is used as a source for the SV40 early promoter fragment. The fragment
size is almost identical to the one used in constructing the p2 plasmids. However the ends
of the fragment are modified to introduce recognition sites for BamHI and Notl. The

oligonucleotide primers used to amplify the promoter are designed as follows:

Oligo 2004-07: Length: 38mer

5’- ggg gag atc ctg tgg aat gtg tgt cag tta ggg tgt gg - 3 SEQID No. 9

5° BamHI: ggatcc - t (= pos. 3435 in pSV2neo) gtggaat............. SEQ ID No.10

Oligo 2004-08: Length: 46mer

5’- ggg gac ggc cgc age tt ttg caa aag cct agg cct cca aaa aag ¢ - 3° SEQID No. 11

5" Notl:  gcggccgc - a (= pos. 3093 in pSV2neo) getittigcaaaag............... SEQID No. 12



-19- Adigo 2004-06: length: 46nmer 5 -ggg gga att cgg agg ggg atc gag aca
tga taa gat aca ttg atg a - 3' SEQID No. 7 5" EcoBUBanH : gaattc - g (=
pos. 751 wWp (p8¥8?p€0) gat cc agacat gat aag. . .. . SEQ I D No. 8 TPoa/Emplizb¢ cation
product of priners 2004-05 + 2004-06 is prepared by PCR using Pwo

pol ymer ase (Roche Diagnostics) as desgyi bed above. The resulting DNA
fragment of 873 bp is purified usi n'gﬁ{)‘l\ﬁ I sol ation colums, digested with
EcoRI and Spel and gel-purified. 1.5 Preparation of p2-neo pl -neo plasmd
DNA is digested using EcoRI + Spel. The resulting linearized fragnent is
pur i f i Bdg amplification motdhcttdi@nmqw 200407 #2098 is peparadingCBUSNIBWey A/ | VS

and transforne I .nt 0 f grow h
on LB Q&Pﬁﬁsgg%ﬂ?rber@ﬁg%%&m édg%&fbefi L an%-@leﬁgém%ﬁﬁlﬁ&lgﬁmgf gélsl sol at ed
f rom chwigqsurified ueihch{‘stlgitlomsblumm digested it iBami and Nedlo&hd gélipurifiadnent 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). Plasm d DNAs show ng the

expectgg fp?@jﬁgﬁ&.g{mef iLeserigtRetstpapy sequencing rel evant parts of the
constructs. A'plasmd lﬂsgcont aﬁlinl n% a verified SV40LTp oI ATVS is

desi gnat ed pBlupscripéll SKx DA g sequentially restrigted diging Baantl ai‘d SPSPeClYENef t he
SV40 egrd KN %Fﬁésp%ﬁ@@nfg@ snﬁ#ﬁﬁég}l Bﬁ%ﬂﬁfésé St HéSBQnﬂI?NBﬂ ﬁﬁgih@ﬁt isor the

SV40 early pronote sl ze is al npst entical to the
one usputified fmmmﬂtersmallfraymmvwgarmejglecmDMeslS pher tediggtionaf the fragnent
are nodified to introduce recognition sites for BanH and Noll. The
ol i gonucl eotide priners used to anplify the pronoter are designed as

foll ows3 O pgshatfidn Qﬁdhegmétlon’sa’rmaslﬁidpggg ggg atc ctg tgg aat gt g3t gt
cag tta gg 435 in
pSV2neo) gtg gggam%ﬁﬂed.sﬁamﬁ! I_\I!og?fraggem @W"'ﬂ%ﬁ?g@eﬁﬁ\bﬂmﬂ@%igﬁ@tﬂg 46ner

5 - Do sﬂgﬁarﬁﬂ‘ﬁBﬁ%cﬁﬁtm skgvmmma NAddg iRy, Plasdid SEQ
| D No. ﬁ? ?é;!@cac - (= pos. 3093 |n V2r1 ctt caaaag
...... DNA.f.er E.catiRYRE tagezweo\@angfpan@@w'mfﬁé@@ On%

?)\AWBI | T S3d i RUBEMENRE Wi T8 Rg# ARtpidlim, + 2004-08 i's pr epar ed by PCR using
Resulting DNAs are checked by restriction analysis using EcoRl plus Ncol (2
fragments of size 3039 bp and 253 bp).
Two plasmid DNAs showing the expected fragments are further checked by
sequencing. Both strands of the SV40 early promoter are sequenced so that each position
could be verified. The plasmid is designated as p3.

3. Isolation of human Epo cDNA
3.1 Isolation of total RNA with TRIZol® Reagent

TRIzol® reagent, used for isolation of Epo RNA from human kidney tissues (obtained
from the Lainzer Krankenhaus hospital) is a mono-phasic solution of phenol and guanidine
isothiocyanate. During cell lysis guanidine isothiocyanate forms a water-soluble complex
with RNA while cells are disrupted. Addition of chloroform, followed 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 alcohol, washed
with ethanol, air-dried and resuspended in RNAse free water.

Human kidney tissue fragments are cut into small pieces, forced through a 100 ym
cell strainer, centrifuged (179xg/10 min) and the resulting pellet is washed three times with
PBS. Then the pellet is resuspended in PBS, aliqoted in sterile tubes, frozen to —196°C and

stored at —80°C until further use.



pol ymer ase (Roche Di agnostics), as described above. The resulting DNA
fragment of 365 bp is purified using DNA isolation colums, digested with
BanH anowBaBlo4s9ahd gel -purified. 2.2 Preparation of thePpBEPeyC2PPL

vector part pBluescript Il SK+ DNA is sequentially restricted using BanH
and Nofl, respectively. The DNA is dfg_hosphoryl ated using al kal i ne
phosphat ase. The BanH / Nofl fragment” purified fromthe small fragnent

vi a agarose gel electrophoresis prior to ligation. 2.3 Preparation and
verification of plasmd p3 The anplified BanHl - Nof| fragment containing the
SV40 ear |y Phefrozen tissuel is iyste ty addition pht npTRIzel®ogagd@itueegenizediangk+ vect or

[ T4 Li ok P | ' Ik
U119, b} 93Pt FEATRIIIE a3l JRBOGABa PRl BRog |,
medi ungisionond rﬁﬂ%hhlﬁdg\mdi_mbé&ﬁdmhbaml &?3} imuteReet 15¢300Q tlm\mlbf eds e ghegkgd by
restrict . E s .Ncal (2 fragoments
nd 25 0edab YS0duier R s, SpliGbw Sonlifoabieh 4T Qi Rou SRR, et
checkeg dg)’efuw&ﬂt o siréd@to £ﬂ_éi‘t>h_ Bibe mﬁa:ll \g[th soe pﬁyﬁﬂoﬁﬂra!lgpholrMh@rbawwat
sequenced so. that ea osi.tion u verified. e_.pl asm s
dosl oniT SR aLoI® e The BraaniaipagiR i cemtited a0, 10 5uPh Bhelel °: ot ar mua
wi th Tighdidd with BerR@eN certugrl @blin! sikdRatandusissbivedrin RiAs8fiee DEFC waterRNA
from human_Ki dne¥ ti ssues L?gbt ai ned,cé%om t he Lai nzer Krankenhaus hospital)

is a mbeial BNAssoptens|is eeasured PRetemsiicatyatzRhMi ne i sot hi ocyanate. During
cell lysis guanidine isothiocyanate forns a water-soluble conplex wth RNA
while cells are disrupted. Addition of chloroform followed by

centri f ugat il ?Pzsong B9 BNAYRe sol ution into an aqueous, RNA contai ni ng and
an organi c phase. After separation of the agueous phase the RNA is
precipitated with isopropyl alcohol, washed wth ethanol, air-dried and

r esus pBri¢waluptingIasetio oL d @l (RRYAEIN 2hspshance CARIANIDY AWeLaBut i nt o
smal | BLRESS hd Bt bt WY ANAfFarbAOl BTou 8 dgeBeibéied 6 dranta] fuged (179xg/10
e resulting pellet ed t

mn) an 'S was ree times wwth PBS. Then the
pellet is resuspended in PBS, aliqoted in sterile tubes, frozen to -196C
and s8& ed mRNAgdedlationiwitit Bynaheads MigodTd2f 045996 PCT/ EP02/ 13299 -21 The

frozen tiss Bﬁnééeééés@l%ob(&TﬁsdﬂhNAoﬁlE‘Ecﬁki{% mpfay€ RlirdlzatiéREFRE, hormogeni zed

and
polyadenosine tail RNA of eukaryotic mRNA to supermagnetic, polystyrene particles

containing 25 nucleotide long chains of deoxy-thymidylate covalently attached to their
surface. mRNA bound to the magnetic beads can be separated using a Dynal magnetic

particle concentrator (Dynal MPC®).

Washing buffer Tris-HCI 10 mM, pH 8,0; LiCl 0,15 mM; EDTA 1mM
2 x Binding buffer Tris-HCI 20 mM, pH 7,5; LiCl 1 mM; EDTA 2 mM

For 10 pg of total RNA, 100 ul Dynabeads oligo (dT).s are separated in the Dynal MPC®
and washed twice with 2x washing buffer. Meanwhile total RNA is adjusted to a volume of
200 p! with 1x washing buffer and denatured by incubation at 65°C for 4 minutes. Then the
RNA is mixed with the beads, incubated at room temperature for 5 minutes and separatéd
in the Dynal MPCP®. The beads are washed twice with 1x washing buffer. The
polyadenylated RNA is eluted from the Dynalbeads Oligo (dT)zs by incubation 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.



i ncubated at 15-30C for 5 minutes to ensure conplete dissociation. After
addition of 200 pl chloroform shaking the tube and incubation for 2-3

m nut es awoOb3/080® t he tube is centrifuged at 1 2000xg f oPCIEPI2/M2PES.

Fol l owi ng centrifugation, the upper aqueous phase is carefully transferred
to a fresh tube m xed with 500 pl %opyl al cohol and i ncubated at

15-30C for 10 mn. The precipitat ed is centrifuged (12000xg, 10 mn),
the pellet washed with ethanol, centrifuged again, airdried and dissolved
in RNAse free DEPC water. Tot aI RNA content is nmeasured photonetrically at
260 nn8.31 oﬁewﬁmTfawrp@;‘lmA/m By evaluating the ratio of OD26onm and

GDb28onm ( n&. of
the RNA i so I or?ﬁl%sﬁwpﬁ SP%‘S)r gﬁe@%@r@m&ﬁﬂﬁngﬂ: tﬁ)?étw-é a"ﬁ%’lﬁﬁ“f*ﬁ ation
with D;srtmlnamﬂai 6y & guin Qrtbﬁbaﬁor[)yhﬁfﬁﬁaﬂs;e @IO\QDQ(OQWQBGWRW ardeddy agterilenpl oys
hybrid on of t. nosine tail RNA of eukaryotic nRNA to

super rrﬁ r{B ’I“8f°°B'a‘|“k}é%%}§§%§%g§%u cles containing 25 nucl eotide | ong chains
of deoxy-thym dylate covalently attached to their surface. nRNA bound to
t he nagnetls—beads—ea#—be—&eﬁ%ed—trs-ﬁrg—a—%ﬁl—nagneti c particle -
concent r at oR%@8FRLI MPC(r)). Washi nE™Miffer Tris-HO 10 mM pH 8,0; LiC
0,15 mM EDTA 1 nmM 2 x Bindi ng buff@bndénteatidd 20 M pH 7,5; LIid 1 mM
EDTA 2 mM Far 10 pg of total RNA 100 pl Dynabeads oligo (dT) 25 are
separ at ed i mmRN& Dynal MPC(r) and WBshed twice with 2x washi ng buffer.
Meanwhi | e t dMLV (209 Uhiadj usted to &3dHlunme of 200 pl with 1 x washing
buf fer and cﬂmatllngei‘d’%bu{i@[ﬁétﬁon 8l65C for 4 minutes. Then the RNA is
m xed with tdhNgPsda@mM] ncubated at 2dbm tenperature for 5 ninutes and
separ at ed iMgGHGODRMAI MPC(r). Thelddads are washed twice with | x washing
buf f er. The Epolfpa(®oyreeled) RNA is ellutted fromthe Dynal beads Aigo (dT)25
by incubati TT0thM2l ution buffer 025110 pl) for 4 minutes at 65C.
Dynabeads arRNAsspahibited40/uhe Dynal0,28R€¢(r) and the supernatant is

i mredi atel y H0ansferred to a new RNB&S flree mi crocentrifuge tube. The
eluate is used directly for reverse transcription. WO 03/ 045996

PCT/ EPQ2/ 13299 -22- Reverse_Transcri ption The specific primer for Epo
i's deng'tcH%%QPnby 4 mi ng,q Blbat | 027 {: 80C and the nRNA is denatured by 5 nin
i ncubatisefvaibnd5C. Theshghl ow ngp e®nponents are added to a sterile

3.4  Polymerase chain reaction
The following components are added to a sterile 1.5 ml microcentrifuge tube at 4°C.

PCR conditions are listed below.

Reagent Epo

Template c¢DNA Epo 5 pl
polymerase Vent 1U (0,5pl)
polymerase buffer Vent buffer 1x (10pl)
b (10 mM) 200 pM (2ul)

MgCl. (50 mM) /

Primer for (10 pM) 30pM (3ul)
Primer back (10 pM) 30 pM (3pl)
DMSO /

Hz0 76,5 pl

PCR cycle




1.5 M mcrocentrifuge tube on ice: Reagent Final concentration nRNA 10
pl MWLV (200 UWpl) 0,25 pl Boehringer PCR buffer (10 x) 2 pl dNTPs (10
mv) 2 pl wbpGio2s9%&0 nv) 1 Pl Epo for (100 pnol/pl) 1 pl POTEPID1RIM O, 25
pl RNAse inhibitor (40 Upl) 0,25 pl H20 3,25 pl Incubation: 60 mn 37 C
Inactivation: 5 mn 100 C 3.4 Polynepgse chain reaction The follow ng
conponents are added to a sterile 1.5 mM mcrocentrifuge tube at 4C. PCR
conditions are listed bel ow Reagent Epo Tenplate cDNA Epo 5 pl

pol ynmerase Vent 1 U (0, 5pl) polynerase buffer Vent buffer 1x (10pl) (10x)
200 pM!(2gnaturghanPs (1096% 2 (50 mV) / Primer for (10 pM 30pM (3pl)
Pri mer 203gnatyrationpph) 30941 (3plsec DMSO / H20 76,5 pi PCR cycle WO

03/ 0458J5inreaRIrmRalNg 3268°C - 39-se¢ Denat uration 95C 2 nin

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.

35 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 ml; EDTA (0,5 M, pH 8,0) 100
. ml; adjusted to 1000 ml H,O

Lambda-Marker lll 10 pg bacteriophage Lambda-wildtype-Dann
(2,5 pl Hind 1l + 2,5 pl Eco R I + 20 pl buffer R (Fermentas) filled up
with H2O ad 200 pl;
1 h at 37°C digested, 20 min at 65 C inactivated; supplemented with
40 pi BX-loading buffer)

1g agarose and 99g 1xTAE buffer are melted in the microwave oven, cooled down to
approximately 60°C and supplemented with 3 pl of ethidium bromide stock solution (10
mg/ml). Gels are run in 1XTAE buffer at 100-300 V for approximately 30 min, depending on
the length of the DNA fragments to be separated. Each lane contains 10 pl sample mixed
with 2 pl 6 x BX buffer. Identification of DNA fragments is based on comparison with a
Lamba/Hind Il digest 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.



2 Denaturation 94C 45 sec 3 Priner annealing 58C 30 sec 4 extension 72C 1
mn 5. finish extension 72C 10 mn 6. cycles 30 The PCR anplification
product s wWoae3anabezed by agarose gel el ectrophoresis. 3. PCAgRODSRIgel

el ectrophoresis 6 x BX buffer bronphenol blue 0,25 % xylene cyanol 0,25 %
gl ycerol 30 % TAE buffer Tris base 24%% gl acial acetic acid 57,1 nl; EDTA
(0,5 M pH8,0) 100 m; adjusted to 00 m H20 Lanbda- Marker 111 10 pg
bact eri ophage Lanbda-wi | dtype-Dann (2,5 pl Hnd IIl + 2,5 pi Eco R + 20
pl| buffer R (Fernentas) filled up wth H2O ad 200 pl; 1 h at 37C digested,
20 mi n3.&t2 ebgd@iamact i vat ed; supplemented with 40 pl BX-loading buffer) 1 g

agarose and 99q 1xTAE buffer are nelted in the mcrowave oven, cool ed down
to appromﬂﬁéﬂﬁ-@y@#ﬁﬂt—éuppl emented with 3 pl of ethidium broni de st ock
sol ution u@RE@feB‘v)ecto%l%n@'bﬁ la{Héthbﬂ'bs} cérT Alnsibé fr@érn@ﬂnbb@&n@@ﬂtry/s’té)f

e

appr oxi mat 30 mn endi ng o ngth of the DNA fragnents to be
separ aflBBS) Efatbh enamhai@ny%qaﬁ@ﬂqwrt@(%%ﬁi w igh péamtslw frapslalionsofwe RPBQf f er .

ldentif g;a@fg &?N%nfe ngggtsen{; J@ bﬁ%e&g?&s?d?{‘&é%éét‘é&& mmzénao chritgiag/ Hi nd

11 dig ecu ar wei Preparation roducts and -
vect or thefhumani gyadrnegalodrus. (CMY sajerdmimedliase ewp@mmnaaucqrﬁ@ dityra st i cky

end cl onj 5“‘,1&! ffers
are m ¢ p% ?J[%n"ig %‘Ee 'ﬁ\é}égtﬂ% E@&]Xelai ‘n% Inser &gccor 8@&‘%1%%%“&&%%%]3
instr ugéneomsd thehmlyadenhylation signadl ofi beet keiret groWﬂ‘O'lQrB@ﬁef lorthiswattpr thetG¥n 30
and 60 _mn end| n t enz vector and insert. Then the
enzyrrepriqut‘?fdﬁ R/%%eé%’yb\ﬁ k#vat 'yﬁg”{‘@%gm for 10 min and the reaction
m xture is analyzed by agarose gel electrophoresis. WO 03/045996
PCT/ EP\O/gét%? gr? PCRZpA'roduéteéi're2 Iiglg‘étgg J\[N'itl(‘-l) 9‘4%&?853%8\@09 o\ﬁF mgﬂlrgation 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

performed overnight at 15°C and 3 h at RT. Then the ligase is heat-inactivated by

incubation at 65°C for 10 minutes.

Reagent Final amount
Vector (pIRESneoSV40) ~20ng

Insert (Epo) ~ 200 ng

T4 DNA Ligase 1U (1 pl)
Buffer (5x) 1x (2 pl)

HxO ad 10 pl

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 ml LB-medium

LB-Amp 100 ul ampicillin (100 mg/ml) in 1000 m! LB-medium



pl RESneo vector (C ontech | aboratories) contains the internal ribosone
entry site (IRES) of the encephal onyocarditis virus (ECW), which permts
t he transwetmomed two open reading frames from one nessecg@EPIRNR99 The
expressi on cassette of pl RESneo contains the human cytonegal ovirus (CW)
maj or imredi ate early pronoter/enhancgy_followed by a nmultiple cloning
site (MCS), the ECW | RES fol |l owed by the neonyci n phosphotransf erase
gene and the pol yadenyl ati on signal of the bovine growmh hornone. In this
vector the OW pronoter is replaced by the SVA0 early pronoter. Vector and
PCR pr 8@Gomedie | i gatbﬁ?twwmoﬂﬁ2@m)’% %téaCt ﬁ(ﬂf» NaA il M Kl mbf MoCle
approximately 20 ng .yda Ilﬁ:’&ge%g%m ependi ng on the length) are
used in a nolar ratio mxe with follow ng reagents in a
total volune of 10 pl H20. The |ncubat|on is performed overnight at 15C
and 3 h at AT. Then the Iigase I s heat-inactivated by incubation at 65C

for 10 anount Vector (plRESneoSV40) - 20 ng Insert
(Epo) 3@%%?%%60”5%@% Jﬂ:l gasze | u (1 NI) Buffer (5x) 1x (2 pl) H2O ad 10

P om casei epaRlioh ASmbtlehtbAERILAIBLI0 (P OTogs, DO LB 0l U PePt ane

i X ust e W

H20 and sefOpdo I-BW@'Wﬂ%’neﬁh‘lﬂ'@@W'WBEﬁqdr’Miggba%é(PWPrPVng@tﬁ? 8?@ fedi um

LB- Al 96
”pg%p%g;g %@Uﬂgg id J&Eﬁecﬂ 1380w Blnedid ﬁﬁggrdﬂm Jﬂﬁn RedhY %éﬁ@e@@@”@ﬁg Nad

PCT/ EP nmedi um bact o tryptone t\b/east extract g;
10 mv olKTB. Bacitvja angCeRtrifagechal 4690upmser Xominvat 4\/&9@111 e offl gelistis

Transf Pesg%én%d 454 & i ﬁ:%félf E@E‘?/‘Sb o b?éteﬁél REpSorPELEEL The cbitMke9) 10

of LB medi'um1s I nocu and grown overnight at 37C.
4 nl berdtilegedlthe pbllejnsaresssmndﬁdemnnlmle Gaﬂzlsan@ahqsmt%mt@ gytotalvolume; af

havi N9166 aE fr%genaa%ggﬂ%trogen 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
heat-shocked for 45 seconds in a waterbath at exactly 42°C without shaking and
immediately placed on ice for 2 minutes. Then 900 pl SOC medium is added to the tube
and incubated for 30 min at 37°C before plating 100 pl of bacteria suspension on LB-Amp

plates.

3.6.5 Screening and establishing glycerin cultures

Ampicillin resistant colonies are screened for the inserted DNA fragment by PCR
technique. Portions of ampicillin resistant colonies are mixed with the PCR reaction mixture
and with specific primers against the cloned DNA fragment (see below). Positive colonies
show PCR-amplified DNA bands in agarose gel electrophoresis. These colonies are then
propagated in LB-Amp medium for further analysis and plasmid purification. For further use
and storage 1 ml of desired bacteria culture is mixed with 500 ul glycerin (87 %) and stored
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%



of 0.8. Bacteria are centrifuged at 4500 rpmfor 10 mn at 4C and the cell
pellet is resuspended in 10 M 0.1 M CaCl2 (4C) /50 ml bacterial suspension
used. ThewoeBls9a¢ e centrifuged, the pellet is resuspend@dTiEPo2132h9 0.1 M
CaCl 2 and aliquoted to a total volunme of 100 pl, frozen in liquid nitrogen
and stored at -80C. Transformation I% pre-chill ed 17x100 mm pol ypr opyl ene
culture tubes 5-10 ng plasm d DNA is adde to JMLO9 conpetent bacteri a,
gently m xed and put on ice for 30 mn. Then the cells are heat-shocked
for 45 seconds in a waterbath at exactly 42C wi t hout shaki ng and
i medi Meefralizptiercsalution i ce g@nl@namyd!@@'dorld%ﬁgfgmpt?ﬁs“m@cﬁfégﬂ Q:tPPM; added to
the tube and incubated fo v/ pl ati ng 100 pl of bacteria
suspensi on on LB-Amp pl atiaégéggﬁ%gég%egrw%mggd establishing glycerin

cul t ur esludmpivash solmtioresi stpmassivh anétate 60 mM; Jirie¢iGidOfroM, pHE.S;nsert ed DNA
fragment by PCR technique. Porisllqgns of anpicillin resistant colonies are
m xed with the PCR reactlo‘ﬁ |/°e and with specific prinmers against the

El 0 ged_zJ@IM Lme?lﬁﬁf&e hrfjcolalted Wmsatsingte @md:rwlmmncwm aGreenpler f i ed DyA
ands I.n agarose gel e ectro onl,es ar.e t opagate

n " L5, piah A5 soiiPls samvese deRPgia. & mihans SRR ARt b aouBhEr P! Fher
use afb@u%éﬁo%aqn b0l @Eu:ﬁféﬁbfoﬂ%ohﬂi@h %hddhé?ﬂ?BOJplfbf cell lysisediutioh ) mxed bp|
glycerin % and stor

Purifi en Iea “’i%/%{béﬁl“qu %r@éﬂ%lfpé%&%c%tr% g?fdfi? Y- Fﬂ?&eghﬁ 1@6' ﬁ”\ﬂ\ﬂqf‘%ﬁgp; DESTA

10 nM Bg@a%% ukBA (negiditd aﬁ@’r korl 5/iry aﬁaIsebwﬁem%ﬁbn?sdmtuoﬁmra%m
03/ 045% CT/ EP02/ 13299 - Neutralization sol ution guan

hydr ochhetubgds immegiatehomixed |bMﬂﬁ‘%@”tQa'E é timepagghthe Bacigrial fysgieds |c€mé'3-iQTd2 12M
pH 4, 2 oo ggtg@*b :%@' eutnﬁﬁrne%te&w meq&ﬁaﬁsﬁe@&j 1M pirf Cofmifelarkd MM pH

diumare inoculated with a si n(%l e col ony
and mc@rbafueddﬂZQW@g(ﬁ/@m) anﬂ@m CO'WQ g wRshedbiwicesvitewashingslutiqm@BBoxg, 5

m 1) 2lfbdd)f. HRDNAMIRE vﬁﬁﬂo;)g%m%@ag@w waggtuspended in 250 pl

resusp ion a l'ysis solution, m xed by
|nvert|ng the tubes 4 tines and |ncubated at RT for 1-5 mn. Thereafter 10
pl of al kaline

3.6.7 Sequencing of plasmids
The inserted sequences are sequenced by IBL (Gerasdorf, Austria) and by
GenXpress (Maria Wérth, Austria) with specific primers. Oligonucleotide primers for the

amplification of Epo and SV40early promoter and for sequence analysis are listed below.

Oligonucleotide primer Sequence
SV40early promoter
SV40 early Clal for 5'-aga tcg atc aag ctt tit gca aaa gcc tag-3 SEQ ID No. 13
SV40 early Nrul back 5'-agt cgc gag cgc age acc atg gec tg-3°  SEQ ID No.14
SV40 early 281 back 5°-gce cag tte cge cea tte-3° SEQ ID No. 15
Epo
Epo BamHl for 5'-tag gat cct cat ctg tcc cct gtc ctg ¢-3° SEQ ID No.16
Epo EcoRl back 5'-tag aat tcc gec atg ggg gtg cac gaa tgt cc-3°
SEQ D No. 17
Epo 221 for 5°-taa ctt tgg tgt ctg gga-3° SEQID No.18
Epo 204 back 5’-tcc cag aca cca aag tt-3° SEQID No.19

p/RESneo




protease solution (incubated at RT for 5 mn) and 350 pl neutralization
solution ware added. The tube is imediately m xed by inverting it 4 tines
and t he bwotoawizabe | ysate is centrifuged at 12000xg for 1@CEWEPOZI32RT. The
cleared lysate is transferred to Spin Colums and centrifuged (1 2000xg, 5
mn) and the colum is washed tw ce wi-fh washing solution (750 pl/250 pl).
The DNA is eluted with 100 pl nucl ease-free water. 3.6.7 Sequenci ng of

pl asm ds The inserted sequences are sequenced by IBL (CGerasdorf, Austria)
and by _GenXpress (Maria Wrth, Austria) with specific primers

a i gonucl ptRESReqT8hback for Bhia dgathiguc@tittiong-8f EpSESHE NoZfbear | y

pr onot er ce analysi | el ow. ' | eoti de
pri mer Se%ﬂg%%'gé%m@r?l y pr%n%?ﬂecr%c%%gsgggéfggg al foSrEgstlj-}g@ggqtcg atc aag
ctt ttt gpiRESEe@278afog- 3 SEGQ-gfcduma ¢k cag\atg gehdl y §EQ IDN®R25' - agt cgc

gag cgc a cc tg-3'. |.D 40 ear | 5'-gcc cag
ttc cgc C%gq%%ogtb%g%(? ID No2 'fgg%a@p%%ﬁ%%%@é 9for Sygcé’g[%lNg'a cct cat ctg
tcc cct gtc ctg c-3" SEQ ID No.16 Epo EcoR back 5 -tag aat tcc gcc atg
ggg gtg cac gaa tgt cc-3'. SEQ ID No. 17 Epo 221 for 5 -taa ctt tgg tgt ctg
gga-3'" SEQ I D No.18 Epo 204 back 5 -tcc cag aca cca aag ft-3' SEQ ID No. 19
p! RESneo WD 03/ 045996 PCT/ EP02/ 13299 -27 plRESneo 181 back 5'-tta ggg tta
ggc gtt ttg cg-3'" SEQ ID No.20_ plRESneo 1016 for 5'-act cac ccc aac agc
cg-3 4EQ | BoRgtrustion of peSAUY PS786 for 5' - ggcc aaa caa cag atg get-3' SEQ
| D No. 442 . : g tca aat ggc-3' SEQ ID No. 23 4.
Constrﬁ'?;tioﬁ}ﬁgﬁ%ﬁﬁ%%%ggpggg}eg?i on of the Epo gene fragnent The
structural Tesetrgeiurabgeng foufpe (BurpampoBupeietn) is ampl ﬂMP&BH?mDCR usi ng

pSVGPI E%%P t TH& &ﬂ}é‘ﬁ &of B vdrsin@ertank AcEBERRNK
Accessl on @“éﬂla%g{fgﬁqat ec%'gﬂi T ?o s?’t es é%r d and Kspl are introduced
i nto t Ne. MpidBd8am Reuadgnition sites for Notl and Kspl are introduced into the upstream and

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

Oligo 2004-09: Length: 45mer

5°- ggg ggac gac cgc atg ggg gtg cac gaa tgt cct gee tgg ctg tgg - 3° SEQ ID No. 24
5°Nofl:  gcggecac a(= pos. 665 in PSVGPIRNEO) tgggggtg............... SEQ ID No. 25
Oligo 2004-10: Length: 44mer

5°- ggg gec gcg gtc ate tgt cce ctg tee tge agg cet ceectg tg - 37 SEQ ID No.26
5 Kspl:  ccgegd - t (= pos. 1246 in PSVGPIRNEO) catctgtcccct.............. SEQ ID No. 27

The amplification product of primers 2004-09 + 2004-10 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 604
bp is purified using DNA isolation columns, digested with Kspl and Nofl, and gel-purified.
The resulting 592 bp Kspl/Notl Fragment is used in the triple ligation described below.

4.2  Preparation of the termination region SV40LTpolyA/IVS
The termination region of SV40LTpolyA/IVS is recloned from pSV2neo by PCRin 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 (=Sacll) is included into the upstream primer and the sites for Sacl and EcoRl

into the downstream primer.



downstream priner, respectively. The primers are designed as follows: digo
2004-09: Length: 45mer 5'- ggg ggc ggc cgc atg ggg gtg cac gaa tgt cct gcc

tgg ctg two03B459%EQ I D No. 24 5 Noll: gcggccgc a(= pos. PEEBEPOIM13299

PSVGPI RNEO) tggggatg ... oo oo nn SEQ ID No. 25 digo 2004-10: Length:

44mer 5'- ggg gcc gcg gtc atc tgt cccgtg tce tge agg. cct ccc ctg tg - 3

SEQ ID No.26 5" Kspl: ccqcqq - t (= pos. 1246 in PSVGPI RNEO) catctgtcccct

.............. SEQ I D No. 27 The anplification product of priners 2004-09
+ 2004-10 is prepared by PCR using Pw polynerase (Roche D agnostics), as

descri bed above. The resulting DNA fragnent of 604 bp is purified using

DNA i sobgjo sp459} umms, léﬁqﬂﬁslié?ﬁerv‘“h Kspl and Non, and gel-purified. The
resulting 592 bp Kspl/Notl Fragnent is used in the triple ligation

descr i Hed gbgbesgcaptitgrgaaugaadcdia cictg tog tat gagr- Bat i on r egi onSEBVADNDESI yA/ | VS

The tergn 10 | Oy : AV | oned fro by PCR
oo ok, O hebEl A Yas Yool IR e ot o 1. TR0 RS
construction of p2-neo except that the priners are designed with different

restricty. donucl eage rec jtion sites: . the site for Kspl (=Sacll) is
QR

i ncl ude e upst ‘primer and the sites for Sad and EcoRl into the

downst rigagyg budedt coX\Git g4 bé9acaRiat ablaid/catigag - 3'28- A i goSEQMBNb130 | engt h:

42mer 9. ,- C gcg ott t gaa acc tta ctt ctg tgg tat -.3" SEQ
D no. 35 SR . Tlglasehf e bog 0B sy Res) momedost SERDNR
............. SEQ ID No.29 digo 2004-12: length: 46nmer 5 - ggg gga get
cga attcga tcc aga cat glat aag ata cat tga g -3'" SEQ ID No. 30 &'

Sac| / ECBR ampjiligaian Ryadugtof prigieps200411 48904-32 jsqrepaisy byt ReB yalatiywe . . . SEQ

| D No. @;q&lh frhi i : } < ?éb@r?e g

pr epar ep;jélyl;?/é-rg%h usi EDI& dsg@sc?%?rﬂ?%sng% %g%\}ﬁgﬁf Er)lﬁargﬁggrt‘?l%yﬁ f as orl']éétzdr;?bed

Bbove. bris pugiss wsing,DNRASeIRtionealimBs By digesiad Mithiap) A §ads The resniing
i sol atimA$&§@%Hﬁ°f% %Qqﬁér‘?gel-.tﬁm &spl and Sad. The resulting DNA
pi1s i - Fi"

fragment o en ge uritred. 4.3 Preparation of the p3 vector
part p3 plasmd DNA is sequentially digested using Nofl and Sad,
r espect4-3e| yPreparationof the pBruegsterdpast t h al kal i ne phosphat ase and the vector
fragnent is gael- urified. . ) ) .

p3 plasmid DNA is sequentially digested using No#l and Sacl, respectively. The DNA

is treated with alkaline phosphatase and the vector fragment is gel-purified.

4.4  Triple ligation and isolation of plasmid p5

The Notl/Sacl vector part of plasmid p3, the Kspl/Notl Epo gene and the Kspl/Sacl
termination region SV40LTpolyA/IVS are ligated in one ligation reaction (Ligation Express,
Clontech). Transformants of are selected on LB medium supplemented with 100 mg/l
ampicillin.

Positive transformants containing both fragments inserted are screened by colony
hybridization using both amplified fragments 2004-09/2004-10 and 2004-11/2004-12, as
labeled probes. Ten clones which gave a positive hybridization signal with both probes are
chosen for a "midi" scale plasmid preparation (Qiagen).

Restriction analysis is performed using the enzymes BamHI (1 fragment 4723 bp),
EcoRlI (2 fragments, 2913, 1810 bp) and Pvull (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 Il SK+ is sequenced and compared to the
expected nucleotide sequence. Every single nucleotide could be successfully verified. The
plasmids are designated p5.



4.4 Triple ligation and isolation of plasmd p5 The Notl/Sad vector part of
plasm d p3, the Kspl/Notl Epo gene and the Kspl/Sad term nation region
SVAOLTpolwe/oBNE&9a6 e | igated in one ligation reaction (Li gRCTEPIEXIESS,
Clontech). Transformants of are selected on LB nmedi um suppl enented with 100
mg/ 1 anpicillin. Positive transformapts containing both fragnents inserted
are screened by colony hybridization using both anplified fragnments

2004- 09/ 2004- 10 and 2004-11/2004-12, as |abeled probes. Ten cl ones which
gave a positive hybridization signal with both probes are chosen for a

"m di "5.scal@omstusction efipfRo/Bed on (Q agen). Restriction analysis is
performed using the enzynmes BamH (1 fragnent 4723 bp), EcoR (2

frag 0 II (4 fragnents 2513, 1204, 903, 103 bp).

mi"‘?ines gﬁ%\/\f?&gﬁﬁﬁﬁc%r réel%tﬁ)%r estriction fragnents are sel ected and
checked by pepremid DNA is digested alith BmﬁsmndeEmmaBdthmeulpm iesbppt |11 SK+
I s sequenced and conmpayed to th ecte Ieot very single
nucl e fa}g(ﬂ%e'ﬂéﬁi?rﬁsﬂét"@l}é%&%s?ﬂ?IOS/S%B @en #%Rf%@ﬁ%&bﬁ gl gnat ed p5.
WO 03/Q\¢in886 PCT/ EP02/ 13299 -29- 5. Construction of pEpo/ neo 5.1
Construction of pEpa/neo 12- 5 plasm d di.gested, with BanmH and
EcoR Rasmidp2- F‘%‘glﬁ EL 'Q?L%@WBB B#?@gﬁ?&#%@ﬁ?éﬁ@dﬁ?ﬁ&%‘@@é@? tte of
SV40prf5HmteerA&Elf?&?d] ﬂ%Vém\% %Mhoﬂyl%\télﬁusmg)alkalfnle%osﬁhaiééﬁ gnpurifed i s

co

al so sted wth arrH and the I1nearized vector gel- purified.
Addi t i Wi F"yCQnH\é'CLWQM“P 8NZYEIETINBISy | at ed usi ng al kal i ne phosphat ase and

purified w Pdgnvegﬂst Eﬁ&&m%.@ QJﬂéM%ctbﬁﬁm%Swgﬁ%bfbaEééim:bs hlee 4411
r an

bp p2-neo vecto cassette fromp are ligated QLI gation

Expr edigatad (igasion Exprasst Plantech} mtfﬁmﬁf@ neddpio; £. QUF@JRﬁ Riasig PNA 'S s
' SO' at; lgg\a{erdq‘ﬂ}ﬁ{ %h rér{sfd}ﬁ\fagfs[)@ra\hﬁ oﬂl@"f‘ﬁe&ﬂn{&gﬁ%ﬁieﬂ@cﬁ#lﬂw@mt ed with 70

estion using restriction endonucl eases

Pvul | am'ploimn mmuanqdyzed b digastien ubingiresjriction endprusianses FygierroR! ppd diplk 6191
oD e R e e AR ekl S A RS EI) 15
DNA i s7gcehp,amafiloB2ES] 2160,0685 el 103WPHs éclectedand dpsignated as pEpo/ neo-12.
For additional purification the DNA is retransformed into E.coli SURE (see above)

and plasmid DNA prepared using a "Midi-prep" procedure (Qiagen) from a culture

inoculated by a single colony (pEpo/neo-12-1). Restriction analysis is performed using the

following enzymes: BamHI, Hindll, EcoRl, Ncol, Notl, Pstl, Spel, Sphl, Pvull, Nan. The

expected fragments and sizes could be found, verifying the clone as a correct pEpo/neo

clone.

5.2  The final construction of pEpo/neo

The upstream region of the Epo gene in pEpo/neo-12-1 is changed at position
minus-3 from the start ATG. An additional nucleotide A is introduced to result in the purine
base G at position -3 from start ATG. A purine at that position may improve the expression
level of the gene. For that purpose the Epo gene is reamplified using an adapted upstream
primer 2004-09-a:

Oligo 2004-09-a: length: 46mer
5°- gggggcggecgeaatgggggtgeacgaatgtcetgectggetgtgg - 3° SEQID 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



and plasm d DNA prepared using a "M di-prep" procedure (Q agen) froma
culture inocul ated by a single colony (pEpo/neo-12-1). Restriction analysis
i s perforwod3nsigng the follow ng enzynmes: BanmHl , Hi ndl || PCE®EPR/132Mc0l ,
Nofl, Psis, Spel, Sphl, Pvull, Narl. The expected fragnents and sizes
could be found, verifying the clone a correct pEpo/neo clone. 5.2 The
final construction of pEpo/neo The Jg&'r eam regi on of the Epo gene in

pEpo/ neo-12-1 is changed at position mnus-3 fromthe start ATG An

addi tional nucleotide Ais introduced to result in the purine base G at
posi t i s pBrified using HNA ﬁﬁl@tlomcplumnaandtdlgehw ysing Ksd angdNotli Fipe tastltinge

expres ene., Faor. t.hat purpose the Epo gene is reanplified

usi ng @'HREQ?&BP@EOL%@%& ROl Msdna- 09-a: (r)ligo 2002- 09-a: | eng}tohl: '

The Al L Ry e b o ot e e 2004 0 e < 8004 10 1o " enared by POR
i fi i on u 0 rimers a.+ r

usi ng PacRosEra 8o} RBAROTENLE R Seppe BAApPE DS Yhued Y

resul tiong cRN¥hdri(E I_‘)Ng\ EQire88) TIdMehy/ ﬂé&%&ﬁ)lﬂ’ﬂfdﬁ?ﬁ&ﬁs’t&mw is &dldied bsd

purified using I sol ati on colums and d| éed usi ng]"IBE@%and Nof | . The

resul thUﬂj;'edIme eelanjpe pn LE msdiympypplemaniad Wit 73 Mg/amy $88 1 2-1

pl asm %hmég bg rgéﬁ;?ﬁc;,pgs, N&oﬁﬁglf,rg'}@@ré}gg% respectively, to remove t he Epo
gene. 9 agne hen gel -purified. Both prepare
ligated t o‘\eaelnve)clhee ig sﬁl@@ed tsrnlsmwr@él using aniMidiprep mreeadure &*@9%

transf g gg@haea f%s&rgégbﬁtaf.ﬁly@ms p@rftfrhéb%m ' AR HIHIE ECORI, WRol TG P,

suppl ere anpi ci are anal yzed by restriction
usi ng Boel| Sphi, &vll, riar. §'dnea%pe¢tgd fragipesistandsizesereldibe found vedtyinddhesol at e

anal y<P & perspHEaRh L itnpfiole BRHRe o MR HEGREREE 2 B T spel
Sphl, : OEﬁrI)P\lqj’rbmoféhe- rggaied SVAQ%MNIV&dSV#Q&aﬂmeFMMe EpQ gene —f .
veri |n e ne as n ! A

whol ¢ Edatroy A& Tueiienyt Bttt Voot pag n a0 et Wb e ' 11
Sv4Qear | y_pronoter - Epo gene - SVAOLTpol yA/IVS) inserted in the pBR322

vector-part is also confirmed se cing. Exanple 2 - Construction of
pl asni Bx&ppledhf Constragtian PGE'@F gﬁ?ﬁ hf r - CDS

1. Construction of p2-dhfr-CDS
1.1 Preparation of the dhfr gene

The dhfr gene used for the vector construction is taken from a mouse cDNA, present
in plasmid pLTRdhfr26 (ATCC 37295). The nucleotide sequence of the mouse dhfr cDNA
(MUSDHFR) is available as GenBank Accession No. L26316.

The dhir is amplified from pLTRdhfr26 using primers designed to produce a

fragment containing the coding region from the start ATG at position 56 to the stop codon
TAA at position 619. As for the amplification of the neomycin resistance gene described
above, Hindlll and Spel sites are introduced in the upstream and downstream amplification
primers, respectively. An EcoRl site is also introduced into the reverse primer beside the

Spel site. The sequence of the oligonucleotides is as follows:

Oligo 2004-13: length: 39mer

5°- ggg gaa gt tat ggt tcg acc att gaa ctg cat cgt cge - 3° SEQID No. 33

5° Hindlll: aagctt - A (= pos. 56 in MUSDHFR) TGgttcgaccattg............. SEQ ID No. 34
Oligo 2004-14: length: 42mer

5~ ggg gaa tic act agt tag tct ttc tic tcg tag act tca aac -3° SEQ ID No. 35



1.1 Preparation of the dhfr gene The dhfr gene used for the vector
construction is taken froma nouse cDNA, present in plasmd pLTRdhfr26
(ATCC 3729b)03/0439¢6 nucl eoti de sequence of the nouse dhfr cPEWVEPONMUSDBHFR) i s
avai | abl e as GenBank Accession No. L26316. The dhfr is anmplified from
pLTRdhfr26 using prinmers designed to_gyoduce a fragment containing the
coding region fromthe start ATG at position 56 to the stop codon TAA at
position 619. As for the anplification of the neonycin resistance gene
descri bed above, HindlIl and Spel sites are introduced in the upstream and
downst bebeeRmdpeti cati on primers, respectively. An EcoR site is al so

i ntroduced nt.n th Vers [ ' ' sequence of
the ol i gonmb,' Eot i oépstéj s?gsg?sgltshgaﬁ/sWﬁ)g%ﬁ@&k?%ﬁgﬁcazggmr 5'- ggg
gaa get tat ggt tcg acc all gaa ctg cat cgt cgc - 3' SEQ I1SEQUD Ng365'
Hndlll: as ctt - A (= pos. 56 in MISDHFR) TGgttcgaccattg ............. SEQ
ID No. 34 digo 2004-14: length: 42mer 5'- ggg gaa ttc act agt tag tct ttc
t % C t c¥hé aehplifidatibs proaiet of FHm&EEQ00D 186 2RE- M0s PBé4Ed B PRETURY Pivd3299

-31- 5 [EcoRJ, Del.; gaattc acta - t (= po 619 in FR

t agt ct 9?'&%&%@95&'{’@939%&9?2’ _a_s_c}_esgr%dl %°Kg'. ?E% feSH'{QQa'&ﬁg ?gp@?&m YP88r oduct
of pri H%_ﬁsspm@e}péi%gﬂm%ta%n icolupirip digesteld WitRGRndIH iang FRORI apd bhyipurified:
(Roche agnostics), as described above. The resulting DNA fragnent of 588
bp is purified using DNA isolation colums, digested with H ndlll and EcoR
and gell-2pur Prerayation obphdbfsCLS; on of pi1-dhfr-CDS The anplified

EcoR! - Hi ndl khe dRolificte BEoRILIABBMINiH Forlel fERfrRMt sQighttrl t6eR&ECHRIMINII véewt or

fragment from pSVZ2-neo using Ligation Express (Contech), and transforned

i nt o afragmeol from pEYR-neprusing ldgatan Expiees Elandieshacansitransioimeddntoran &eefl um
suppl e t ' LGl ) ' nts is
g0l at B rnslohams ¥ gieci@lBY Hrokhbn (F Ry %&%ﬁﬁf‘éﬂ&ﬂﬁéﬁ%ﬁh 50 g/ |
anpi ci bimpitilli?| Rlasiid DNA fios tramsfameahts isdsnlatbd aod pariiecthieicetonieg anddi ri ct i on

o0 Yl SR SO AEPELT  Sons 2220 0By S e
sequenci ng Plasmid DNA is isolated from clones and checked by restriction analysis using EcoRl
plus Scal (3 fragments of size 2225 bp, 514 bp and 473 bp).
Plasmid DNAs showing the expected fragments are further checked by sequencing
relevant parts of the constructs. A plasmid DNA containing a verified SV40early promoter
and dihydrofolate reductase gene is designated as p1-dhfr-CDS. The analysis of the
sequences revealed one deviation within the dhfr gene from the sequence published in

MUSDHFR, specifically a change from T to C at position 451 of the MUSDHFR sequence.

.

Subsequent sequencing showed that this change is also present in the source plasmid.
However the resulting change does not cause a change in the amino acid sequence
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 EcoRI + 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 Acdl (3 fragments of 2994, 855 and 216 bp). A few are selected
and additionally analyzed using Hindll (2 fragments of 3466 bp and 599 bp, respectively),
Aflll (2 fragments of 2872 bp and 1193 bp, respectively) and Bgft (2 fragments of 2371 bp

and 1694 bp, respectively).



rel evant parts of the constructs. A plasm d DNA containing a verified
SV40early pronoter and di hydrofol ate reductase gene is designated as

pl- dhfr- GBB.030wI@nal ysis of the sequences reveal ed one @eTiERO2/03299i t hi n
the dhfr gene fromthe sequence published in MJSDHFR, specifically a
change fromT to C at position 451 o_feéa_he MUSDHFR sequence. Subsequent
sequenci ng showed that this change is also present in the source plasmd.
However the resulting change does not cause a change in the am no acid
sequence encoded by nucl eotide sequence since CTT and CTC both encode

| euci ne. 1.4 pRisepd DAA showiig albthetexpecied fragmeints in dmscqitest fizes Brjarthey di gest ed

usi ng Ec + I e 'R N [; i~ purified and
| i gat e&%%by gg&%enrbcﬁaf il(egérp T gé’rlrb%rrl'#'& g%%%éé@%?%%gé%gﬁ@ tpCo es§/'A/ I VS (described
above). Follow ng transformati on and sel ection, resulting plasmds are

analyzed by restricti a sis using Accl (3 fragnents of 2994, 855 and
216 bpy. A %SBRFEV%“%P&%%‘QQL&M additionally analyzed using Honcll (2

fragnesys opreptpstiGwofpEp&ARfial, respectively), AM 11 (2 fragnents of 2872
bp and 1193 b i

p, respectively) and BgA (2 fra nt,s, of 2371 and 1694 bp,
respecti vel B9 PW‘D‘Q)BNM%Q'@G“P@‘W'@F@%PW&?@&EC- za“ﬂ%'ﬂﬁ LESHItRg Iﬁﬁzgﬁowi ng all
the ex BRiHGSthE Raddifte R 'S\RAObroth@tBEEDSgdnd! SV DtemiMAsKg Gely
sequen@ﬁ%%&%%rgi fired pl gsm’ 3 IS de‘sgirgnat edbggs np2- dhf r - CDS. 2@

Const rpwifiedn of pEpo/dhfr 2.1 Preparation of pEpo/dhfr 21 p5 plasm d DNA

i s digest edp}gisﬁ,l.fa E@-@Hr-c%’sjis%igé&@dmﬁ B drid"eboRT 8Rd Bt lideanssent

representing the cassette of SVAOpronoter-Epogene- SVAOterm nator is gel -
pur i f i eabtoris gehputifipd-agt felutetbdsing Sapelso ¢pifespiuransvAdditionalimthe PNAHEOR and t he

| i near | i rAgl i §hicRpSR dhZoRleumms.
Addi ti %%Pg]%ﬁﬁxwea?%g‘?gg'kﬁ@% or{sdgﬁg?t;a/?gta gé ngﬁbr#éﬁ 'gwﬁlgﬁdﬂe Iphgsphatzgse and
puri fi mthometdy Ami con M cropure enzynme renovers. Both fragnents, the 4053
bp p2-dhfr- vect or . : |
(Ci Gt on oRPUE e 08 ah R G2RNIPCP 3 REkH Fng 1R300 ifpht ABRTS,
Tr ansf arerigates (Liation iExsregs,d@lontech) dhdreahsiomedppto drerit RdRR Transiormayits
anpicillin are hybridized usin E ene_ ( PCR- product) .as . Plasm d
oA | sC9iate 8ot ook et SupdemeR e TG AL G aRtaRINT ark iBrcizBA B8R,
Epo gene (PCR-product) as a probe. Plasmid DNA is isolated from various positive clones
and analyzed by digestion using restriction endonuclease Ncol.
A clone showing the expected fragments (Ncol: 4085 bp and 1760 bp) is selected
and designated as pEpo/dhfr-21. For additional purification the DNA is retransformed into
E.coli SURE (see above) and plasmid DNA prepared using a "Midi-prep” procedure
(Qiagen) from a culture inoculated by a single colony (pEpo/dhfr-21-1).
Restriction analysis is performed using the following enzymes: BamH|, Hindill,

EcoRl, Ncol, Notl, Pstl, Spel, Sphl, Pvull, Nar. All the expected fragments and sizes could

be found, verifying the clone as a correct pEpo/dhfr-21.

2.2  The final construction of pEpo/dhfr
In the same way as for pEpo/neo the upstream region of the Epo gene in Epo/dhfr-21 is
changed at position -3 referred to the start ATG. An additional nucleotide A is introduced to
result in the purine base G at position -3 from start ATG. The Epo gene is reamplified as
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.



and anal yzed by digestion using restriction endonucl ease Ncol. A clone
showi ng the expected fragnents (Ncol: 4085 bp and 1760 bp) is selected and
desi gnat eaoas/opBpe/ dhfr-21. For additional purification tReTHRR/1RI
retransformed into E.coli SURE (see above) and plasm d DNA prepared using
a "Mdi-prep" procedure (Q agen) frorgaa culture inocul ated by a single

col ony (pEpo/dhfr-21-1). Restriction analysis is perforned using the

foll owi ng enzynmes: BanH , HindlIl, EcoR, Ncol, Notl, Psfl, Spel, Sphl,
Pvull, Narl. Al the expect ed fragrrents and Si zes coul d be found,

veri fyl ng t lRoth prepareds DNAs @re bgatecﬂ)amﬂqmrﬁtherz(nganomEmes&mmteozmnelasma i on

f pE E
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In brief, we used 0.25 pg DNA/cm? and 1.5 pl lipofectin-reagent/cm? and adjusted

this DNA/lipid cocktail to 200 pl/cm? cell layer. Then the cells are overlaid with the
transfection cocktail for four hours in serum-free DMEM, before the DNA-containing medium
is replaced with cultivation medium. After cultivation for 24 hours in the serum-containing
medium we switched to selection medium. 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. Highest producers are
determined, the MTX concentration increased two-fold and best producers used for further
cultivation. 7 recombinant cell pools are selected and comparison made of the growing
properties, the Epo productivity, the protein pattern (by western blot analysis), the Epo
functionality and the chromosomal stability.

Transfection in T25-flasks is carried out with 2.5 ug pEpo/neo, 0.05 pug pEpo/dhfr
and 15 pl lipofectin (09/T25/1 and 09/T25/2) per T25-flask and with 2 pg pEpo/neo, 0.4 pg
pEpo/dhfr and 15 pl lipofectin (09/T25/3 and 09/T25/4) per T25-flask.

Additionally five plates are each transfected with 10 pg pEpo/neo, 0.2 ug pEpo/dhir
and 60 pl lipofectin per plate (09/96/1 - 09/96/5), five plates with 8 pg pEpo/neo, 1.6 ug
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The cell doubling time seems to be the same for all clones and they can be split 1:2
to 1:5 twice a week. Enhancing the MTX concentration from 9.6x1 08 Mto 1.9x107 M also
improves the productivity, while further doubling the MTX concentration does not influence
the ELISA value. So subcloning is performed at 3.8x107 M MTX. Immunofluorescence is
analyzed at 1.9x107 M MTX where the single cultures do not differ significantly.

Cell morphology is compared by light microscopy and Coulter Counter nucleus DNA
analysis. Clones 09/96/7E9, 09/96/6C5, 09/96/5H1, 09/96/5D4 and 09/96/3D5 feature the
same nucleus size distribution as the host cell line CHO-DHFR'. In contrast, cell lines
09/96/1F5 and 09/96/3H5 have larger nuclei. It is known from previous experiments that
this results from an extended number of chromosomes. It is therefore decided to use clone
09/96/3D5 for further stabilization.

The functionality test for Epo on TF-1 cells gives the same slope for all seven culture

supernatants compared with the recombinant pharmaceutical product.
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copy nurber Fle%or% nlainI ée‘?lgpool 09/96/3D5 is used for further stabilization. MTX concentration

is increased stepwise to 0.38 pM MTX. At this amplification level recombinant 3D5 cells are

subcloned with 10 and 20 cells per well. Screening of culture supernatants of wells with

single clones is performed by ELISA. Table 2 shows the subcloning conditions and

efficiencies of recombinant cell-pool 3D5 in the presence of 0.38 pM MTX. 300

supernatants of single clones are tested. Clones that have elevated Epo titers four days

after passaging are selected with 0.77 pM MTX in 24 well plates.

Seven of these clones are conserved in liquid nitrogen and selected for further
amplification of gene copy number by increasing MTX concentration to 1.54 uM.
Table 3 compiles the plating conditions and efficiencies of the second round of

stabilization. Here the clones 09/96/3D5/1H9 and 09/96/3D5/18E5, are subcloned a final

time with 1.54 yM MTX. The cell counts per well are reduced to 4 cells. 260 single clones

are screened of which more then twenty clones of each subcultivation are transferred to T-

flasks and screened for specific productivity. The final production clones are settled by

criteria such as specific expression rate, growth conditions and nucleus size distribution.

Clones showing tetraploidy are discarded because of the experience that such cells tend to

show complicated growth patterns in bioreactors. After screening the following six
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nitrogen with serum-free freezing medium. After thawing, the clones are cultivated in

serum-free production medium. Analytical characterization to select for the production clone
is done with supernatants in the second or third passage after thawing.

Analytical tests included:
Specific growth rate [p] - (4 = In (Xo/X4) / days)
Specific productivity [gr] - (Qp = product-generation x 10° / (cell counts x days))
Western blot
Isoelectric focussing
DNA content and stability
Clone stability

All six cell-lines could be grown in serum-free growth media and are split twice a
week. Cryopreservation is also performed without serum and after thawing the cultivation
medium is switched to serum free production medium. This formulation is enriched in
glucose and amino acids.
After 5 passages different protein and cellular parameters are determined and one
production clone (09/96/3D5/1H9/6C2; abbreviated 6C2) and one back up clone
(09/96/3D5/1H9/4C2; abbreviated 4C2) selected.
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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.
IEF-Western blot
The IEF-western blot analysis should reflect potential microheterogeneities of the

glycoproteins. According to the amount of protein that is loaded on the gel to fourteen
bands become visible. There is one characteristic double-band seen on the westem blot
approximately in the middle of the gel; the next band down under this double-band is
defined as band number one and 9 to 10 bands are visible in this acidic part of the gel. The
comparable commercial product gave four major bands that correspond to band number six
to nine in the heterogeneous product.

DNA content of recombinant cells

The DNA content is proportional to the numbers of chromosomes of cell-lines. The stability
of a recombinant cell-line is in part influenced by the chromosomal count and the identity of
DNA content is verified by comparison to the host cell-line (CHO dhfr).

Summary and Discussion
The isolation of recombinant, Epo expressing 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.
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reached (=> p = 0.42 days™).

Examples 1 to 6 describe the preparation of a number of CHO clones which express
Epo. Of the six clones obtained in Examples 4 and 5, clone CHO 6C2 is chosen due to its

superior high cell specific productivity and its high specific growth rate.

Example 8 - Cultivation of CHO cells in a bioreactor

The CHO cell line 6C2 is cultivated in Fed-Batch (T43C6C2) mode ina 150 L
bioreactor. Using a cell culture medium consisting of amino acid-supplemented 50:50
DMEM/Hams F12 and containing 0.25% of a plant peptide, 0.1% lutrol, 1.54 pM
methotrexate (MTX), 4 g/L glucose, 2.5 g/L NaHCO3, ethanolamine, ferric citrate, ascorbic
acid and sodium selenite. The medium did not contain any expensive functional proteins
(recombinant or from natural sources). Components derived from an animal origin are
present. The cells are seeded at around 5x10° cells/mL in 56 L 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.

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
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The cultivation without methotrexate is found o be superior due to the better

glycosylation pattern.

Example 10 - Production of Erythropoietin in a bioreactor with enriched medium

The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 11 B5-1 and 2) mode ina 5
L bioreactor. Bioreactor 1 is operated as in Example 10 (Kamp 4 B5-2). In bioreactor 2 a cell
culture medium is used consisting of an enriched amino acid supplemented 50:50
DMEM/Hams F12 and containing a 0.325% of a plant peptide, 0.1% lutrol, 6.4 ¢/L glucose,
2.5 g/L NaHCO;, ethanolamine, ferric-citrate, ascorbic acid and sodium selenite and 0.6 g/L
phosphate. The cells are seed at around 5x10° cells/mL in 1250 mL medium. The pO; is set
to 50% air saturation, temperature to 37°C. The pH is set to 7.1 at the beginning. During the
course of the fermentation it is reduced step wise to 6.9.

Over the course of the cultivation the glucose concentration in bioreactor 2 is kept
between 3 to 4 g/L. After 2.5 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 an enriched nutrient concentrate containing
amino acids, a carbohydrate and a plant derived peptone. On day 11 the supernatant

containing Epo is harvested.
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comparable final Epo concentration. However the culture grows slower and needs an

additional nutrient concentrate addition.

Example 12 - Production of Erythropoietin in a bioreactor with enriched medium

(vitamins, trace elements)

The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 12 C) modeina 10L
bioreactor. The bioreactor is operated as in Example 11 (Kamp 11 B5-2) with the following
exceptions:

A cell culture medium is used consisting of an enriched amino acid supplemented
50:50 DMEM/Hams F12 and containing a 0.325% of a plant peptide, 0.1% lutrol, 6.4 g/L
glucose, 2.5 g/L. NaHCO3, ethanolamine, ferric-citrate, vitamins, trace elements and sodium
selenite and 0.6 g/L phosphate. The content in the concentrate is doubled and enriched
with vitamins.

The cells are seeded at around 5x10° cells/mL in 4500 mL medium. The pQ, is set
to 50% air saturation, temperature to 37°C. The pH is set to 7.1 at the beginning. During the
course of the fermentation it is reduced step wise to 6.9.
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(host cell proteins) it is important first to harvest at an optimal time point (ca. 12 days in
main culture, oxygen consurription stagnant) and second to use a cell separation equipment
specially designed for separation of fragile eukaryotic cells e.g. CSC6 (6000 m? ECA, 15500
xg, ca. 200 L/h, Westfalia) with hydrohermetic feed inlet or BTPX 250 (11000 m? ECA,
13000 xg, 300 L/h, Alfa Laval) with gentle disc inlet and porcupine outlet. Comparison of
different separation techniques including tangential flow filtration and centrifugation reveals
differences in the cell lysis by shear stress (measured by release of the intracellular marker
enzyme LDH ). The centrifugation gives the most gentle separation (<3U LDH/mg rhEpo)
and is to be preferred.

In the alternative, only the centrifugation via disc stack separator (without the depth
filtration step) as described above is used for the cell separation step. In another alternative,
the depth filtration step (without the centrifugation step) as described above is used.

Capture by Anion Exchange (AEX) Chromatography

After clarification the crude supernatant is diluted with approx. 3 vol. of water to
reach a final conductivity of less than or equal to 5 mS/cm and adjusted to pH 7.5 with Tris
base, before applying on the AEX-capture resin.

The used AEX-column has a bed height of about 10 — 20 cm and is packed with a
Q Ceramic HyperD F (Biosepra) with good flow characteristics. It is equilibrated with 20 mM
Tris pH 7,5 and 50 mM NaCl. The diluted cell supernatant is then loaded (10 — 15 mg rhEpo
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step elewltlomnolume dilute rhEpo elution pool (< 5 mg rhEpo/ml) the HCP precipitation can be
improved by an optional UF-concentration step (10 kDa cutoff).
The ammonium sulfate precipitation is more effective than hydrophobic interaction
chromatography.
To reduce the ammonium sulphate content from the prior precipitation step the
supernatant containing the product has to be diluted as mentioned above. An alternative is
a ultrafiltration/diafiltration step. Preferably a 5 to 10 kDa cutoff membrane is used and a
target ammonium sulphate concentration of less than 240 mM and a product concentration
of about 30 mg/ml is adjusted. The used buffer for the diafiltration step is 20 mM Tris/HCI
pH 7.0.
Reversed Phase Chromatography
The next purification step is a reversed phase chromatography which is useful in
several respects: a) the different isoforms are well separated according to their sugar
backbone (highly glycosylated/sialylated elute before less glycosylated/sialylated forms), b)
residual host cell proteins are removed with this high performance chromatography and c)
the chromatography is a robust step for virus removal as well as for virus inactivation by the
organic solvent. Source 30RPC (Amersham Biosciences) is a polymeric resin which can be
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rhEpo product in which the O-glycan is missing at position Ser126, which is present in the
cell culture at levels of up to 20%, is removed.
' In an alternative method, to induce virus inactivation by exposure to an organic
solvent, the fractions are prefilled with 0.5 volumes of 20 mM Tris pH 7.0 instead of 4
volumes of the same buffer as described above and incubated for 20 to 40 minutes or
longer. After this incubation step another 3.5 volumes of 20 mM Tris pH 7.0 referring to the
original undiluted fraction volume are added and thus, the virus inactivation is stopped.
The fractions with or without virus inactivation are pooled for further purification.
Pooling usually starts at 50 — 100% of the maximal OD on the ascending site and ends
approx. with fractions above 70-80% on the descending site. Earlier eluting fractions can
contain host cell proteins, whereas later eluting fractions contain less sialylated, less active
isoforms. Additionally a CZE analysis can be performed to support pooling for certain
isoforms.
Anion Exchange Chromatography
The diluted RPC-pool is then loaded on a high performance AEX column, which
again helps to select for specific isoforms and remove host cell proteins. This time the

isoforms are separated according to the isoelectric point, i.e. according to the number of
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charge. It gives quantitative results on every single isoform in each fraction. This information
enables pooling of specific fractions leading to a consistent isoform profile from batch to
batch. Typically the early eluting, less sialylated isoforms are omitted by pooling only the
later eluting fractions.

Size Exclusion Chromatography

In a last chromatographic step the AEX-pool is polished by size exclusion, which
removes potential dimers and higher aggregates, and performs a buffer exchange for the
final formulation. The Superdex 75 prep grade (Amersham Biosciences) used in this step
has a good resolution even at higher load volumes up to 15% of the column volume. The
preferred bed height is between 60 and 80 cm.

As it is not possible to run the AEX-chromatography of the previous step in a way to
achieve high product concentration in the AEX-pool, the pool has to be concentrated before
the gel filtration. This is performed by an ultra-filtration step using a 5 - 10 kDa UF-
membrane leading in an about 10 fold concentrated UF-retentate with approx. 10 mg

erythropoietin per mL.



Ani on Exchange Chromat ography The diluted RPC-pool is then | oaded on a high
performance AEX columm, which again helps to select for specific isoforns
and renovwwohosssseel | proteins. This tinme the isofornms ar @eCygpar/ated
according to the isoelectric point, i.e. according to the nunber of WO

03/ 045996 PCT/EP02/13299 -44 sialic_ggids which is proportional to the
grade of glycosylation. A high performance resin is used, Q Sepharose HP
(Amer sham Bi osci ences), which shows excellent separation efficiency. The

bed height is between 15 and 20 cm condi tions, such as | oad radi ent
and bed hei §heoutst-é Gk iohbi- 'ieéﬁﬂl%té&r%td'f%ﬂ)ﬁéqadleg\ﬁnﬁ?%&h‘@?rd@éﬁéé’ﬁtqoh{"%b

uh ch prexii Bffod b WRRAZE it Na- &?héteqﬂm 0PPS Rl Mfol Bprekt LTS caused by
uce The

sol ven ation o roduct . C-pool is |oaded with

2- 4 g tEpprogust Stﬁﬂsrt@sﬁ e&@"ath@@émma%@emtloecnﬁakﬂ%ﬁ%lleéwdm gwede nM Tri s
pH 7,0 Eg}xfd' a wash step wth equilibration buffer, the product 1is eluted
inalg I'near salt gradient fromO to 300 rrMNaCI in equilibration
buf f er. TheNawb+Hiltratiopeak is coI lected in 0.1 CV or in 0.25 CV fractions

i ch-cont a Ao Ree 8Bl e badtina Good Bl VR i 2l ' 00 B0 ¢

t ypi calirylemintedeThie dittratioh d8 peridrmskaviihl auspecial peathrand elesighee thiegiovy

| | d d t ed f |
o) ot r Dpnsiee R amaas 1o, h Sty Be Fare BN (kT Ayl FRRYAFLY S00C
preci s@hofigdtionashitgiaxs FI’IAE.LQfItuﬁrWFthdeI[BIaO][brI Mlmbo?ereng rﬁp tdreidgesioce
| SOT Or N6 ue :

contains onl si al yl at
f er mentCaPFEs- ?59%?@'”5538?“ H8'§'te"§§}g‘? ruSesy G.9-BAQVIUS, H?rﬁﬂs ?I&QSF i on
met hod g @Y ef qfussr@mammgadﬁs@tﬁ@f ms of different charge. It gives
uantitative results on every sin i, sof or h fraction B This

?nf ormation T Sﬁ%‘f%@'t%%%ﬁﬁﬁ;ggﬁl 'SS&F‘F' p\gerfarg]%qcrgpéﬁ;eég@%ﬁgswtgblg consi st ent
i sof or mdthhé &nd Emlﬁé‘l@crepie@entb-?lﬁ&fhal BURIdP@d bibstdifceCARSMaelil theBandLss
sialylated isoforns are omtted uv}lzq;ool [ n only the, later eluting

J¢

fract i dhtiosrarbeingeted Hetwearihe 95}9&9"@ W"é‘ﬂda@? SZRCFHPIBBr aphi ¢ step the
AEX- po%rdn%t&é’r!a I%hed by size exclusion, which renoves potential diners and
hi gher aggr egat es and perforns a buf f er exchange for the final

formul ati on. The Super dex 75 prep grade (Amersham Bi osciences) used in this
step
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WO 03/ 045996

PCT/ EPO2/ 13
Epo/ neo an

89/25/446:1)abl e 1

IZnnl dhfr J25 1t

643econb|nant Ch

9. 6x10' M MIX per T25 [pg/lOGceIIsld]

(50: 1) ggQWelltrénsfections

ﬁpcells: t ransf g

bctions with

of clones Q,

09/ T25/1 (50:1) 136 0.16 091T25/2

number of clones

transfection per plate selected clone
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) 3562

09/96/11 (75:1) 49

09/96/12 (75:1) 60 12A9




09/ T2513 (5:1) 459 0.14 09/T2514 (5:1) 648 0.9 96-well
nunber of clones transfection per

pl ate sel ected cl one

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

F5 09/ 96/®W0(050356 46 09/ 96/ 3 (50:1) 50 5135, 3H5 09/ 96/ 4 PCFEPLY18 09/ 96/ 5
(50:1) 49 5134, 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/ 1%)45: 1) 352 09/96/11 (75:1) 49

09/96/ 12 (75:1) 60 12A9 WD 03/ 045996
different clones Op [p9/10cells/d] clone 0-8 M MIX 1.9x10"

CT/ EPO2/ 13299

M MIX 3. 8x10"

-47- Anplification of

M

MIX 09/96/1 F5 11 11.4 17.1 09/96/3D5 8.4 14.4 11.4 09/96/3H5 8.2 14.1
12.9 Aowlification af differentglenes)g/ 96/5H1 4.7 7.1 6.7 09/96/6C5 4.2 3.8 3.6
09/9617E9 5.5 8.8 8.9 09/96/12A9 6 Table 2: Subcl oning conditions and

plating efficiencies of cell-pool 3D5 with 0. .38 pM MIX Nunher
Nunber of seeded Qp [ug/10cells/d]
clone 9.6x10°MMTX [1.9x10" MMTX  [3.8x10" M MTX
09/96/1F5 11 11.4 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 3.8 3.6
09/96/7E9 5.5 8.8 8.9
09/96/12A9 6

of 96 wel |

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




plates cells/well %growing wells %single clones 25 (no. 6-30) 10 13% 77%
5(no. 1-5) 20 24% 54% WO 03/ 045996 PCT/ EP02/ 13299 -48 Tabl e 3: Subcl oni ng
condi t i orwoan@4b@t i ng ef fici enci es of Subcl one 3D5/1 HO @d/EPDHAIRBES with
1.54 pM MrX 3D5/1 H9 Nunber of 96 well Nunber of seeded % % pl ates
cells/well growing wells single cl ongga_S (no. 9-16) 10 6.4% 85% 8 (no.

1-8) 30 19% 46% 3D5/18E5 Nunber of 96 well Nunber of seeded pl ates
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 growh properties of

r econbiTablet3: Suoslehing sonditiars awh plating effigiencies OEIL%@FWW)%QWAHB@'@&QW HRRéber
2.17 2 2.38 2.16 [x 105 cells/mM] Final cell nunber 7.27 9.35
8.8 2. g@zg%ﬁ&l}g%‘g}@ [x 105 cells/m] Specific growh rate 0.4 0.42 0. 37
0.43 0.33 0.35 p [days Al publications nentioned in the above

speci f%’ﬁébi"@] are herein incorporated by reference. Various nodifications
and va ions of the described nethods and systemof the invention wll
be appaugibertod 96hasdke sNuhibed of setted ar % wi t hout depart%ng from the scope
and spirit of the invent|i on. Al though the_invention has eogn described in

connecPi@®S wi t h speci f FEIYWEHerred emsBaVIRGWENS i ¢ s ¥DR® P %Fder st ood
t hat tg;nb.@?@[i on as gpai med shoul d ngigep€ undul'y WO g5¥,045996
/1329

PCT/ EP -49
8 (no. 1-8) 30 19% 46%
3D5/18E5
Number of 96 well Number of seeded
plates o 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 recombinant CHO-clones

4C2 6C2 6D4 15B4 7A6 15C3
Inoculated cell number 217 267 2.89 0.71 2.38 2.16
[x 10° cells/ml] .
Final cell number 727 935 838 2.61 6.41 6.15
[x 10° cells/ml]
Specific growth rate 0.4 042 0.37 0.43 0.33 0.35
W [days ']

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
will be apparent to those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly



limted to such specific enbodi nents. |ndeed, various nodifications of the
descri bed nodes for carrying out the invention which are apparent to those
skill ed iwoOrmlogsowé ar biology or related fields are intena€d/mPo2/EIn t hin .
the scope of the follow ng clainms. W 03/045996 PCT/EP02/13299 50 ATCC
10801 University Blvd ! Manassas, VA1 1 0-220 9 Tel ephone:

703- 365- 2700 s FAX: 703-365-2745 BUDAPEST TREATY ON THE | NTERNATI ONAL
RECOGNI TI ON OF THE DEPCSI T OF M CROORGANI SM5 FOR THE PURPOSES OF PATENT

| SSUED BRGNS Gpeois SIECHEARINGE STICHEVERT PSR bR EROTDR) RuLE

10 2 + radiebofor cavayingy auntdhédhention ahichepeapppentas tiiseakiied in Moleckifar bidRg

Bi ochem e Grrbls-’j ﬁPL. .MD F/L PS/TS Attn: Dr, Joe[\rvg Wrﬁdi sch Kopi en:

Bi ocherfiréelateddiclasaye "K?%%t%&ﬁmﬁb'")itw&qopa obisollelng skibEhal f of .

Bi ochem e GibH Identification Reference by Depositor: Patent Deposit
Designation Cricetulus griseus (Chinese Hanster Ovary) Cells: CHO dhFR-
PTA- 3672 The deposit was acconpanied by: _ a scientific description _ a
proposed taxonom ¢ description indicated above. The deposit was received
August 29. 2001 by this International Depository Authority and has been
accepted. AT YOUR REQUEST: X W will informyou of requests for the strain
for 30 years. The strain is available to the scientific public upon request
as of August 29, 2001 If the culture should die or be destroyed during the
effective termof the deposit, it shall be your responsibility to replace
it wwth living culture of the sane. The strain will be maintained for a
period of at |east 30 years fromdate of deposit, or five years after the
nost recent request for a sanple, whichever is longer. The United States
and many ot her countries are signatory to the Budapest Treaty.



The viability of the culture cited above was tested Septenber 10, 2001. On
that date, the culture was viable. International Depository Authority:
Aner i can wWoma/0@9bé¢ ure Col | ection, Rockville, M. 20852 USARCTSirgriai2ee e of
person having authority to represent WTCC. a~ 6 Date: Cctober 2, 2001
Tanya Nunnally, Pat ent Specialisty, Patent Depository cc: Konrad Becker et
al 15096 PCT/EP02/13299 51 dCains: 1 A nmethod for
recoﬂ i fying reconbl nant hurran eryt hropoietin (rhEpo) froma
cell™cu

of:  (a)

i oppri ses the steps
r v , ylar ci en nd.o pris fromthe

cell cul tuﬁggn%dﬁggm §B§?mbsse orm Rg zﬁ hrogg3 %Jsrzjé)yse*? edzf rom t he group

consi sting of (iBUDXPEST TREGET ONITHEINTERwWeIOYL REJeENITION bEr ati on step, (i)

a dept h fiTHE BERQHIT 6F BICRORGANISMp FOR MHE iPURRREES @F, PATENT®ROAEDURE cl ari fied

cul ture nedi um supernatant; (b) adjusting the conductivity of the

supernatant to 5 n/cm or |eSI§VTEﬁmT AQHMRM bet ween about 7.0 and 8.0; (c)

~~

applying the supernatant from ste a colum co r| sing an ani on
exchange R O po

from the col um, A@E\Bﬁ ] ‘T%%Wfﬁ%ﬁqbﬁemﬂgﬁwngﬁ’(@ﬁ 19, %ﬁ@{ﬁné Epo;

(d) subjecting the conbi ned peak fractions fromstep (c)j{to a reverse phase

chro ra that can be run under fpredi umSpilielssAife (<
10 bgﬂ)&gg “‘}/Agdtesgﬂfe i Oror Omﬁ concentrations of NaOH] the rhEpo being

el uted usppg.fildagar gradl ent of an organic solvent; (eprappioyj ng [pamesfor

nore frachhPmy lshadisih step (d) which contain rhEpo tojpi&ol um

conpri si NBicaRhRES¥ehange chromat ographi ¢ nedi a, washi ng the col umm, and
eluting ahesohEROA#SEaNg a |inear salt gradient; (f) selecting one or nore
fractions eluted in step (e) which contain rhEpo based on degree of

si al pipatiic@bn Béhalfhe Bikthpni: Gakld (g) subj ecting one or nore fractions el uted
in step (f) which contain rhEpo by one or nore size exclusion

chr onteitdigatigplReCerakeipDepsditng a gel fil trati onPatediDepasit Designatane

Cricetulus griseus (Chinese Hamster Ovary) Cells; CHO/dhFR- PTA-3672

The deposit was accompanied by: __ a scientific description _ a proposed taxonomic description indicated above.
The deposit was received August 29, 2001 by this International Depository Authority and has been accepted.

AT YOUR REQUEST:

.S We will inform you of requests for the strain for 30 years.
The strain is available to the scientific public upon request as of August 29, 2001

If the culture should die or be destroyed during the effective term of the deposit, it shall be your responsibility to
replace it with living culture of the same.

The strain will be maintained for a period of at least 30 years from date of deposit, or five years after the most
recent request for a sample, whichever is longer. The United States and many other countries are signatory to the
Budapest Treaty.

The viability of the culture cited above was tested September 10, 2001. On that date, the culture was viable.

International Depository Authority: American Type Culture Collection, Rockville, Md. 20852 USA
Signature of person having authority to represent ATCC:

— N
/“\\ L“'\C‘\,C@ ' Date: Qctober 2, 2001
Tanya Nunnall§} Patent Specialiét,i’atent Depository

cc: Konrad Becker et al.

BP4/9



potential dinmers and higher aggregates; and collecting the eluate

contai ning rhEpo. 2. The nethod of claim 11, wherein the centrifugation in
step (a) we poufes nred using a disc stack separator. 3. TiReTmPOoEIDf claim
1 further conprising, between step (B! and step (e), the additional step
of : selecting one or nore fractions eluted in step (d) which contain rhEpo
based on degree of sialylation of the rhEpo. WO 03/045996 PCT/ EP02/ 13299
52 4. The nethod of claim1 wherein prior to step (d), the peak fractions
fronlsteg éc) are subjected to an ammonium sul fate precipitation step to
precip contam nating host cell proteins, the amonium sul fate
concentration of the supernatant then being adjusted to a concentration

conpatible with step (d). 5. The nmethod of claim4 wherein salg
concenflr at i MP@OF’é%rsre?q’Yfﬁng apd purityiRiecampPinanl humpan egthrapRiebteRPlof ¢l ai m

1 wher.gbm 4 B8 AlturdmebiRih éd?%pﬁs%gaﬁwfcelw"whoﬁ méthod B&nﬁﬁéé&qﬁe%f fxﬁ'o’ﬂ m1l

wherein the elution step in step (c) fornmed using havi ng a
salt conce kﬁ)rramp&mg @psbqeé!atC@r"ul@haw%wnmm!adebrﬁér%thw&"&wt'eneemﬁ'l1mwh erein

the organi P@e Larbr Bir Qe%leétédiﬁ%h%beg%tfﬂ&??sfshﬁ% oﬂQ%b‘htrﬁQ@aiio‘ﬁt' ng of

acetonitri ene claim1

wherein t héollew@dpwwﬁm fllérétmmstgpebl?e&ppt%fllwt@mé@em @pHdijl) erntrifagatione i
gr adi ent OEPfah?agfagiﬁ%H Sulﬁx?éﬁ-ﬂe@un%uﬁérﬂﬁaﬂ out 10%to about100% 10. The
arm 8, erein

met hod of ¢C anic sol’'vent in step (d) is acetonitrile
and the Efh) geliusfipe the MdUGti\éﬂymmwrwaMO§ ng¥/soh @riessornd agrt ebout  25%

to about 5@%&@%&;'5&? I@giioof claim1, wherein prior to step (e) the

fractions I'n s are diluted with an appropriate agueous
buffer. 12 (c)'Epplynrgthedupnérnaiaat fmm]stemmn@arcommrmonnmismgeam grggn Bkmhani'gb ut ed

ot ons e dab Bt RS RRSSSd bR Mo vl RRAB Yo et 2, o,
(9)., the faadicolesingitie madk feaxtionls) thatvonthinrhEpd;i | trati on st ep prior to the .
whor el n i n QBRSNS P Srad Ak Haiots APRATBUE b & SR AR 1 rat on st ep
prior to reNhfRograpsestep LeMglz2o@EmXANL 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

(9) 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.

2. The method of claim 1, wherein the centrifugation in step (a) is performed using a

disc stack separator.

3. The method of claim 1 further comprising, between step (d) and step (e), the
additional step of:
selecting one or more fractions eluted in step (d) which contain rhEpo based on

degree of sialylation of the rhEpo.



WD 03/ 045996 PCT/ EP02/ 13299 53 15. The nethod of claim4, wherein the
conbi ned peak fractions fromstep (c) are subjected to an ultrafiltration
step pri owotos/os39e6 amoni um sul fate precipitati on step. 16PCTHPOme2bod of
claim1 which further conprises a dea® end nano-filtration step to renove
viruses before or after step (g). 17. The nmethod of claim1l, wherein in
step (a) any of the procedures (i), (ii) or (iii) is followed by a 0.2 m
filtration step. 18. The nmethod of claim1l or 3, wherein one or nore of the
sel ection procedure in step (f) or between step (d) and step (e) is
performed by using capillary zone el ectrophoresis. 19. A nethod for
recoverd.ng ané methotiyf bigini @ GuEdein Phibr foLeIE ()] tik pealp fraeidnd flohERep)(c) dreom a
cell culture di um conpri sing host, cells, which nethod conprises the steps
of : (a)uP& tﬂganrﬂﬁm‘)@ﬁm Sé{'fa?eewa'Pg?“%%? fa Rresipiéate santgevatiaghogisalihe cel |

cul t ur e reemMistiNe ANWmMBRILMYUTRROCGhCBRPARMT e ShRFAREhtTtheWbEIRE s8R toa
consisting of (i) centrlfu%atl on followed by a depth filtration step, (ii)

a dept FopFeRtration sampgpibie WitR$tR {d)) centrifugation, wherein the
centrifugation is perfornmed using a disc stack separator, to obtain a
clarified culture nedium supernatant; (b) adjusting the conductivity of the
super nd ant Thegnethegof aiais 4\whesein saig eongentratiopds insehanibed Mammanme. 0; ( ¢)
appl yi ngshfae supernatant fromstep (b) to a colum conprising Q HyperD F
(Bi oSepra) ani on exchange chromat ographi c nedi a, washing the col um,
eluting the rhEpo fromthe columm, and collecting the peak fraction(s)

Lhat. cqnt ai oo of i PhRrthd BA 1£ BB IBAE By 78C 1 ons From step

(c) to a reverse phase chromatog Ing a po?ystyrene resin that
can be run under nmedium pressure (< 10 bar) and is resistant to high

concentrati : . 3 Bi osciences), the

r hEpo t?(:ai ngglgﬁurﬁétglggg ﬁlaﬁg? PY“%Z%{E%% gl P%’h&gﬁﬁ é‘éﬁ‘?i%?%rl“ee?‘ u(s&g %el ect i ng
one or buifeehavisg &isal somientration of greeter (rdn 145 M. cont ai n r hEpo based on
degree of sialylation of the rhEpo, applying said fractions to a col umm
conprising @ Seph HP (Amersham Bi osci ences) ani on exchange chromat ogr aphi c

medi a, 8washiTihg méthed obtlaimi whetkeir thd drggnicizelvehtin etepsidne seldctdteipem $ied t
gradi ent: and 03/ 04 99t6' PCI/ EP 2/&%29? 541[
group consisting of acetonitrile, ethanol and hexylene glycol.

9. The method of claim 1, wherein the Epo polypeptide in step (d) is eluted employing
a linear gradient of the organic solvent of from about 10% to about100%.

10. The method of claim 8, wherein the organic solvent in step (d) is acetonitrile and the
Epo polypeptide is eluted employing a gradient of from about 25% to about 50%.

11.  The method of claim 1, wherein prior to step (e) the fractions eluted in step (d) are
diluted with an appropriate aqueous buffer.

12.  The method of claim 11, wherein prior to step (e) the diluted fractions are left for an

appropriate amount of time sufficient as to inactivate viral contaminants.

13.  The method of claim 1, wherein in step (g), the fractions are subjected to an ultra-
filtration step prior to the size exclusion chromatography step.

14.  The method of claim 1 or claim 4, wherein in step (d) the fractions are subjected to
an ultrafiltration step prior to reverse phase chromatography.



(f) selecting one or nore fractions eluted in step (e) which contain rhEpo
based on degree of sialylation of the rhEpo, subjecting said fractions to
si ze exclweiosn4soghr omat ogr aphy usi ng Superdex 75 prep gra®eET(ERIBIRhAM

Bi osci ences) to renove potential din®s and higher aggregates; and
collecting the eluate containing rhEpo. 20. The nethod of claim 19 wherein
the one or nore fractions are selected in step (e) and/or step (f) by.
capillary zone el ectrophoresis. 21. The nmethod of claim20 wherein prior to
step (d), the conbined peak fractions from step (c) are subjected to an
ammoni um sul fate precipitation step to precipitate contam nating host cell

proteins, theansbdodetisi 4 aliersiprtae abmbinedpeak fradtRons wided Q@Efw)taret hen bei ng
adjusted to a concentyation conpati ?]l e wth ste édgg 22.. The net hod of

cl ai m SYPIRREALP Andlrafitiaar siaPyRIiar itheammeriupiials racipfalithsifRum  sul fate.
23. The nethod of claim 19 which further conprises a dead-end
nano-filtration step renmpve viruses before or after step ( 24. The

to . tep ().
met hod 18f  clITaermatgod pislaim1 whichJdurtbercompeiges mdead-sad @ﬁpw&@tlaﬂazepﬁe host

cell's rdiaye BiRrRsbetdrtRéitepstep (§. di scontinuous fed batch fermentation
process. 25. A nethod for the production of a defined isoformconposition

of a glycosylated protein or polypeptide, said nmethod conprising anal yzing
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18.  The method of claim 1 or 3, wherein one or more of the selection procedure in step

(f) or between step (d) and step (e) is performed by using capillary zone electrophoresis.

19. A method for recovering and purifying recombinant human erythropoietin (rhEpo)

from a cell culture medium comprising host cells, which method comprises the steps of:
(a) removing host cells, cellular constituents and debris from the cell culture medium
by performing a procedure selected from the group consisting of (i) centrifugation
followed by a depth filtration step, (i) a depth filtration step, and (iii) centrifugation,
wherein the centrifugation is performed using a disc stack separator, to obtain a
clarified culture medium supernatant; (b) adjusting the conductivity of the supernatant
to 56 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 Q-HyperD F
(BioSepra) anion exchange chromatographic media, 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 polystyrene resin that can be run under medium
pressure (< 10 bar) and is resistant to high concentrations of NaOH, such as Source
30RPC (Amersham Biosciences), the rhEpo being eluted using a linear gradient of
acetonitrile;
(e) selecting one or more fractions eluted in step (d) which contain rhEpo based on
degree of sialylation of the rhEpo, applying said fractions to a column comprising Q-
Seph HP (Amersham Biosciences) anion exchange chromatographic media, washing
the column, and eluting the rhEpo using a linear salt gradient; and
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(f) selecting one or more fractions eluted in step (e) which contain rhEpo based on
degree of sialylation of the rhEpo, subjecting said fractions to size exclusion
chromatography using Superdex 75 prep grade (Amersham Biosciences) to remove
potential dimers and higher aggregates; and collecting the eluate containing rhEpo.

20.  The method of claim 19 wherein the one or more fractions are selected in step (e)
and/or step (f) by capillary zone electrophoresis.

21.  The method of claim 20 wherein prior to step (d), the combined peak fractions from
step (c) are subjected to an ammonium sulfate precipitation step to precipitate
contaminating host cell proteins, the ammonium sulfate concentration of the supematant

then being adjusted to a concentration compatible with step (d).

22. The method of claim 21 wherein said concentration is less than 0.24 M ammonium
suifate.

23.  The method of claim 19 which further comprises a dead-end nano-filtration step to

remove viruses before or after step (f).

24. The method of claim 19 wherein the culture medium is serum-free and the host cells

have been cultured using a discontinuous fed batch fermentation process.

25. A method for the production of a defined isoform composition of a glycosylated
protein or polypeptide, said method comprising analyzing samples comprising one or more
isoforms of a glycosylated protein or polypeptide using CZE.

26.  The method according to claim 25, wherein said isoforms of the glycosylated protein
or polypeptide are isoforms of recombinant human erythropoietin.



