2 5 MAY 2006 -1 CHROVATOGRAPHI C PURI FI CATI ON OF RECOVBI NANT HUMAN

ERYTHROPO ETIN Field of the Invention The present invention relates ZB'%V 2006
procedure for the production of reconbinant human erythropoietin (Epo) with
a defined conposition of glycofornms in a highly pure form i.e. with a |ow
amount of host cell proteins. This isyachieved by a specific sequence of
purification steps in conbination vm'lh an anal ytical tool to quantify the
separ gHROMATOGRERPHIBRURIFOOATION OF RECOMBIIANT HEINMAK EROTHROPOIBTINhe

princi pal hornmone regulating the proliferation and differentiation of
erythroid progenitor cells and the maintenance of physiol ogical |evels of
circulating red blood cells. In the fetus Epo is primarily produced in the
| iver and about 90% of its production switches to the kidney after birth.
When bEMeisvdnibh due to chronic or acute renal failure, Epo nust be
exter%‘rm red to prevent a rising anema. A therapeutically

act i v@hhpnesentinyentionrelates 1o sprocedene faxthelpigdustion ot tecombiranthwvan y of t he
Epo ¢ I EXPLEeSS] NI I . e; des a 27
e o SR AP el e S e bordRERn ER gh otolE o4 RN Hife RAANCLENARN T G
nol ecallew ameiughof ledst t&lBEGtddad. tThis is Behiened by a specifie sequeswcelof pulifcatiom one

am no_acid N-ternjnal.deleti nd,is 1 m no_acids jn length. The signal
sequeﬁ i F%’Eﬁ'&g{‘?{b‘”ﬁ'éﬁf‘iaaa%%a*ﬁ‘hﬂ t?:@"?’%ﬁ’é\ ecﬁﬁ?ﬁ?ﬁ?‘ﬂﬁ‘ﬂtoémfinvol ved in the
proper glycosylation, leading to a mature protein with three NN and one
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protein with a calculated molecular weight of 18396 Daiton. 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-glycosytation 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 half-life, 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): 337-346). The degree on sialylation is directly proportional
to the half-life, where the isoforms with less sialic acids ara 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



Case G 32273A/BCK -2 2 5 MAY 2006 described purifications used human urine
as a natural source. Al of the followi ng protocols for Epo purification
end uﬁxﬁﬁﬁ%'§ 6ﬂV§C5roduct with no enphasis on the accunul ati on of 2deMANHGE
i soforns. T. Myake et alL, 1977, J. Biol. Chem 252(15): 5558-5564 describe
the purification of. urinary Epo by a seven step procedure, including

| on- exchange chronat ography, ethanol precipitation, gel filtration and
adsorption chromatography. A differe&dt procedure is described by N Inoue
et al., 1994, Biol. Pharm Bull., 17(2): 180-184 using ani on-exchange
chromat ography, gel filtration, |lectin chromatography and reversed phase
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purification by hydrophobic interaction chromatography, roxyl apatite and
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chromatography and reversed-phase chromatography. The purified Epo is not enriched for
specific isoforms.
A.B. Ghanem, 1994, Prep. Biochem. 24(2): 127-142 and A. Gokana et al.,, 1997,
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.



NaOH Case G 32273A/BCK -3 Summary of the Invention 2 5 MAY 2006 The present
i nvention provides a nethod for recovering and purifying reconbi nant hunan
er yt hC@asei@BRA73ABEo) froma cell cul ture nedi um conprising host ceF ISMAY 7006
whi ch nethod conprises the steps of: (a) renoving host cells, cellular
constituents and debris fromthe cell culture nedium by performng a
procedure selected fromthe group consisting of (i) centrifugation followed
by a depth filtration step, (ii) a depth filtration step, and (iii)
centrifugation, to obtain a clarified culture nedi um supernatant; (b)

adj usting the conductivity of the supernatant to 5 nS/cmor |ess, and a pH
of between abqut, 7.0.and 8.0; (c) applying the supernatant fromstep (b) to
a col SR Nani on exchange chronmat ographi c medi um washi ng the
columm, eluting the rhEpo fromthe columm, and collecting the peak
fraction(s) that contain rhEpo; . (d) subjecting the conbined peak fractions
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e p al, diners and hi gher_ aggregates; and collecting the
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purifi cat hgfvddnodsee®l oasd #een devel oped that nmakes use of nodern,
polyneric resins, which are rigid and withstand harsh cleaning in place
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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 sait 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.

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.



high flow rates for an efficient process at production scale. Resins with
pot entGazkel3-3p22d@BIOK | 1 gands, such as lectin or dyes, which could pprgeMAY 2006
problens to patients are not used. Case G 32273ABCK 2 5 NMAY 2006 -4 e

i mpl enmented purification steps have different selectivities leading to a
very pure product with | ow anounts of proteins or DNA fromthe host cell.
Further, in the purification process,according to the present invention as
outlined herein, several, preferably at last three, of the chromat ogr aphi c
steps have the potential to separate the individual isoforms. In

partlcul ar, the fractions_of the second ani on-exchange chromat ography step
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I nvention therefore conprises a nethod for production of a defined isoform
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(whi ch may I ons chr omat ogr a purification step) conprising
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' sofo or polypeptide itself. Accordingly, the present invention provides the use of CZE as an
analytical tool in the production of a defined composition of isoforms of a glycosylated
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



of such glycosylated protein or polypeptide, in particular wherein said

i sof orGasedh-3RRE3A/POKcosyl at ed protein or pol ypeptide are isoforns of 006
reconbi nant human erythropoietin. Furthernore, this process is desid%ggmgg
rel ease only very | ow anounts of cellular proteases during primary
separation by reducing shear stress and cell lysis, and using conditions
where residual proteases are not actiye and harnful to the product. This is
Case G 32273A/BCK -5 2 5 MAY 2006 achieved firstly, by a cell separation
with hernmetically designed disc stack centrifuges to keep the cells intact
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as par vov.ﬁtmajlesseverﬁi stapsie the doynstream mgceasgtgdﬁﬁm seayanse aretabustil phase
Chro”‘%ﬁgkccoraéb d/o?‘l?\%{]‘}%iloﬁoﬁ’dé[s i in nh At ggrérﬂ%fg'?%bl‘ﬁﬁdhgﬂlpai envel oped

VI ruses resen rovi recoveri ng
and puderived tl'@rapewmsrtasnra'at cdmtammatmycdrr ngidieatled qut.hEpe jmplementedawinb- cul t ur e
nmedi um,.c risin whi ch net hod ,conprises the steps.of: (a
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centrlfu at i foll owed by a de filtration step, (ii) adepthflltratlon
step, 3R ’&?‘Pt E'@Ht‘??q"'ﬂﬂg'é’t'f‘%‘w"a??f' Omvsquea VEVSES: i ed cul ture medium

super nat ar)ioco(diﬁgfl@‘ihé’?ie‘s@ﬂ iVEhtion ésVé ﬁnémafd fbh@cémmg@wunwﬁg 5 mB/cm or
| ess, and a pH ween about 7.0 (c) applying._ the 'supernat ant
from g@@pﬂ%ﬁlnwn@mfﬁp%wdm@qwomﬁ aﬂl @ﬂtua@ﬁawgecorewm sy calsi ¢

medi u Jo’ﬂﬁv W ste ing the rhEpo fromthe colum, and

col | e(rﬁl'(\Fl\'l{gj;Iﬁl e pea I'ffégéactlct)n(s that contain rhEpo; (d) subj ecti ng the

conbi ned p(ehnenfqvmriashseIISr celiutar spngtidyents and detris m[ﬂhﬂasﬁl cultureomadiggr aphy
oL ot b el B AR SBALUMES FobtBabe), o '
| i near foilowed by a depth filtration step, (ii} a depth filtration step, and (m) centnfugatnon to
obtain a clarified culture medium supematant;
(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 supematant 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.



gradi ent of an organic solvent; (e) applying one or nore fractions eluted in
step CdpeWhB22VvaANBCKI n rhEpo to a columm conprising ani on exchange AY 2006
chromat ographi ¢ nedi a, washing the colum, and eluting the rhEpo usz E(y!\

| inear salt gradient; (f) selecting one or nore fractions eluted in step (e)
whi ch contain rhEpo based on degree of sialylation of the rhEpo; and (g)
subj ecting one or nore fractions el w@d in step (f) which contain rhEpo by
one or nore size exclusion chromatographic steps using a gel filtration
mediumto renove potential dinmers and hi gher aggregates; and coll ecting the
el uate contai ning rhEpo. Case G 32273A/BCK -6 Preferably, the centrifugation
in step (a) is perforned using a disc stack separator. In a preferred

enbodipigfaiably, e cenmifugation ime;tépﬂ(a;tsemér(d@hehs:smgjmw@ta&psé;ﬁrmﬁn 2 and 5
nS/cm preferably to about 3 nS/cm 2 5 MAY 2006 Advant ageously, the anion

exchange nmedi umused in step (c) is the ceram c-based ion exchange nedi um
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bufferﬁﬁw hﬁngc%lcngcéé_)& conpri sing

In a preferred embodiment, prior to step (d), the peak fractions from step (c), which
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 reversed 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. !n a preferred embodiment, a 20 mM Tris buffer with a pH of 7.5, comprising
50 mM NaCi, 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 (¢} 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 Tiis
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/HCI, pH
7.0, comprising the organic solvent, preferably acetonitrile. After applying the dituted



50 MM NaCl, is used. The elution is |ikew se perfornmed with an appropriate
aqueoCaseG-82273A/BCY. a Tris buffer, conprising a salt, Iike NaCl. Tpe May 2006
elution step in step (c) is generally performed using a buffer having a
salt concentration between 100 mMMand 1 M in particular of greater than
125 mM preferably 150 MM In a preferred enbodinent, a 20 MM Tris buffer
with a pHof 7.5, conprising 150 MM NaCl, is used in this elution step. The
organic solvent in step (d) preferably is selected fromthe group

consi sti ng of acetonitrile, ethanol and hexyl ene glycol (i.c¢

2- rret nt anedi ol ), acetoni tr| | e, bej ng nost referred Preferably,
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t he plingwT (i is IOIRwWIaSADSterile filtration step. Typically, this is performed by using a
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In 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 (g) 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), singie 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 uitrafiltration process.



I nvention fractions derived forma chromat ographic colum nmay be subjected

t 0 ancadbig-8d273a/8CKON step, in particular for concentration. Accordi g@m@, 2008
in a preferred enbodinent, in step (g) the fractions are subj ected
ultra-filtration step prior to the size exclusion chromatography step,. In
anot her preferred enbodinent, in step (d) the fractions are subjected to an
ultrafiltration step prior to reversegphase chromatography. In a |ikew se
preferred enbodi nent, if the process of the present invention conprises an
ammoni um sul fate precipitation step, as descri bed above, the peak fractions
fromstep S c), single or conbined, are subjected to an ultrafiltration step
prior to sinapmefased embedimentea dpad,renqbnam-ﬂ tien slep ivincluded b temavel of t he
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above 3Pt he context of the present invention, the preferred or particular
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Thus in a preferred embodiment, the present invention provides a method for

recovering 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 cuiture medium by performing a procedure selected from the group

consisting of (i} centrifugation using a disc stack separator followed by a depth

filtration step, {ii) a depth filtration step, and (iii) centrifugation, each followed by a 0,2 -

um filtration step to obtain a clarified culture supernatant; and

(b) adjusting the conductivity of the supernatant 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 coliecting

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



culture , which nethod conprises the steps of: (a) harvesting the cell

cul t ursaGlaperaBoKk t he host cells, cellular constituents and debr't% M'chﬁ
the culture nmedium by performng a procedure selected fromthe group

consisting of (i) centrifugation using a disc stack separator followed by a
depth filtration step, (ii) a depth filtration step, and (iii)
centrifugation, each followed by a 0,g. pmfiltration step to obtain a
clarified culture supernatant; and (b) adjusting the conductivity of the
supernatant to 5 nS/cmor less, and a pH of between about 7.0 and 8.0; and
(c) applying the supernatant fromstep (b) to an ani on exchange col um
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packed wi ?chrdaaaﬁs@*a?hpagn&%utpem&fvsrweb fadedb ¥eMovapetenliWirhérg ahBhigheEPo
using a linear sal radrent; (f) selecting one or nore fractions eluted in
step (e) weOtagatas:ead folacting theeluatesiontaining ERS: si al yl ati on of the rhEpo,
subjecting said fractions to size exclusion chromatography using Superdex

75 prep grade to renove potential diners and higher aggregates; and
col | e@refecatyhthealalenminationtasi tniwhich ¢fRhe oneoe frereragtionis avhicit aneroibtaingdin as to
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second half of the elution peak. As outlined above, in a preferred embodiment 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 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 procedurs, it is preferred thatthe  _
host cells have been cultured in serum-free culture medium. It is also preferred that the host
ceils 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 cuilture 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.
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Is less than 0.24 M amoni um sul fate. Likew se preferred in this context,
the preferred nethod of the present -itwention further conprises a dead-end
nano-filtration step to renove viruses before or, preferably, after step
(f). Inrelation to the source naterial for the purification procedure, it
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In a preferred aspect the present invention can be conducted in conjunction with
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 (ii}
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.



A suitable in vitro test is described in Hanmerling et at., 1996, J Pharm
Bi omeasa&3-32278A18B§K1455- 69, whi ch involves testing for proliferati 5
stinmulation of an erythroid cell line. A suitable in vivo test is déS%MP%gﬁ
in Ghanem et at, 1994, supra, which involves determning the incorporation
of 59Fe into red blood cells of polycythemc mce. In a preferred aspect the
present invention can be conducted i-Rfconjunction with nucleic acid vectors
and host cells in which (a) a first polynucl eotide vector which conprises
(i) a first nucleotide sequence which encodes a reconbi nant pol ypepti de of
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ovar y bicch@nistry). IStarBiacth techoiques assusadfod staculae genetit ard biochemical
methods (see generally, Sambrook et al., Molecular Cloning: A Laboratory Manuat, 2™ ed.
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel ef a/,
Short Protocols in Molecular Biclogy (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
Cuttivation medium: DMEM supplemented with L-Glutamine, 4mM, 10% FCS,




exanpl es section of this docunment. Unless defined otherw se, all technical
and s&asatG-BRE7INBEE used herein have the sanme meaning as commonly MAY 7006
understood by one of ordinary skill in the art (e.g., in cell cuItuZeﬁ,

nol ecul ar genetics, nucleic acid chem stry, hybridization techni ques and

bi ochem stry). Standard techni ques are used for nol ecul ar, genetic and

bi ochem cal nethods (see generally-18anbrook et al., Mlecular Coning: A
Laboratory Manual, 2nd ed. (1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N. Y. and Ausubel et aL, Short Protocols in Ml ecular Biology

(1999) 4d /| ; g dnc. - and the full version entitled
Current Pr ﬁg@gﬁ@%}HWNBM@ﬁggi%l ogy, which are incorporated herein by
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with reference t g follown anpl es, which are illustrative only and
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hanmst er ovary (Cl_ngﬁdi,ngdrOfm at e-reduct ase defici ent (A'I"CC CRL-9096). They
have been NSRS, 10¢orG4 1 ORu@aldsandr eat y under deposit designation no.

ATCC PTA- a@%}e i YPE lgisyy € Col I ection (ATCC), Rockville,
Mi. 20852, %Srﬁ%rq&ﬁ%ug é?'egg{?agooi.s%el Mcul ture Media Cultivation medium
DVEM duggzingwmadiooh: wi t h L- GMEMsupplemented withvh-GGgamibes émi, 32273A/BCK -12 2 5
MAY 2006 X ",{gb Bym dine), |x Selection nedium DVEM
suppl enenr%(?é\;nxtat{” %E%Bu arh'1ne%/' 4mM  dialyzed FCS, 10% and (418, 0.5 ng/ m
Anpl | fSecarhifee adagtation niddiivh s d pipDRIEMIHa s/ 12) supgiemeatedmwdth: 4nM di al yzed
FCS, 10% (418 0.5 ng/m, a X . (et hat exat e x1,04M - 1. 54x10$M
Fr eezi Wdoeﬁ%l'i"ﬂﬁ?t 'ﬁ%@ﬁ%uppl eﬂeg%ﬂg’m‘&?'téﬁnk}&%?m'% ‘%el}ugrﬁiz?%ms 10% and
DMSO, 10% Hybridoma Supplement, 1x, Pluronic-F68, 0.1%,

G418, 0.5 mg/ml, MTX, 1.54x10°M

Serum-free production medium: 1:1 DMEM/Ham’s F12, supplemented with:
Soya-peptone/UF, 0.25%, Hybridoma Supplement, 1x,

Lutrol, 0.1%, MTX, 1.54x10°°M, Giucose 1g/,
NaHCOQ;, 2.5g/!
Serum-free freezing medium PBS, PVP-10, 20%, DMSQ, 5%
for recombinant cell-lines: Hybridoma Supplement, 100x Ethanolamine - 2.5x10° M,

Ferric-Citrate - 2.5x10% 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-dhir
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two  dobbpfréielre @ XP A EHOP AR RLkiOSte8 ¢ DMEMIBUIGAIBH M disth witd4DspiRtingY
pronoter/term nator sequences. The construction details are provided in

Exanplratio 1: 1 twiee @week. Thi s pl asnid encodes the coding regi on of Epo and dhfr
as twepr gl é&%ﬁrg’ Cﬁ@)&&ﬁ,si on cassettes each under control of SV40 early
pronoreéi)#mm;ences. The construction details are provided in
Exanpl e 2. 1Mbt10bdellsiper cai’lare séededsn @5omf Ti-flask Bbitlesi bf §6-Grell plaB SR ABH BCK - 13
2 5 MAY, 2006 Di rQf ol at e reduct as ficien 40 cells (Uiaub et at.,
Tago0, DeIgHe e pefect Fehs il B iHRRRa e forESborim FRrmits e PR Bmd
DVEM cipbtdpriate ratio,naridied o tid lipofectiplreadant gGI8C/BRLYL adddrding ¢ethe week.
Transf ection of cells  1-5x304 cells r cn? are s ed in 25cnm2 T-flask
pot 1 TSRO PIORAOL (L& By Thegung cBIR 8 GVp R 4GRS TRBHERBEY | on | s
per f orcaBktail folf fouft 6 ERFERAMHOUADInHeAsIfES BWMEMIbeREL the DNIA-coRMinPMedium rati o,
added to the |ipofectin reagent (G BCO BRL) according to the
is replaced with cuitivation medium. After cultivation for 24 to 48 hours in the serum-
containing medium the cells are switched to selection medium. Transfected cell pools are
first cultivated in selection medium to confluence and then in amplification medium (4.8x10®
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

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

monoclonal antibody: mouse anti Epo {Genezyme; Cat. code AE7AD)
ELISA buffers .
Coating buffer: 8.4 g/t NaHCO,, 4.2 g/l Na,CO, pH 9.6-9.8 ) _
Washing buffer: 0.2 g/l KCI, 1.15 g/l Na,HPO, x 2H.0, 0.2 g/ 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/ Citric acid x 2H,0, 11.86 g/ Na,HPOx2H,0, pH 4.8-5.0
Staining solution: 100ul OPD solution/10 mi staining buffer

5ul H0,/10 mi staining buffer
OPD stock-solution:  PP: LCO17
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-



manuf acturer's protocol (0.5-1 pvcnR2). Then the cells are overlaid with the
transfection cocktail for four to sixteen hours in serumfree DVEM before
t he DNase&nBaZHIMBCHedi um is replaced with cultivation medium Afteys MAY 7006
cultivation for 24 to 48 hours in the serum containing nediumthe cePIs are
switched to selection nmedium Transfected cell pools are first cultivated
in selection nmediumto confluence and then in anplification nedium (4.8x108
M MIrX) before screening the cell cul-tigr-e supernatants by ELI SA for Epo
production. Hi ghest producers are determ ned, the MIX concentration

I ncreased two-fold and best  ‘producers used for further cultivation.
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FITC conjugated. The fluorescence is detected by confocal microscopy at an excitation

wavelength of 488 nm and an emission wavelength of higher then 515 nm.

Nucleus size determination

Materials

Coulter Counter® Model ZM {Coulter Electronics Inc.)

Coulter Channelyzer® Model 256

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

Electrolyte Isoton 1l (Kat-No.844 8011; Coulter Euro Diagnostic GmbH)

The Coulter Counter quantifies parﬁcles 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 hoth 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 poiyploid 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 Westemn 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)



pl ate. I mmunofl uorescence Epo expressing CHO cells are inoculated with
5x104 Caep|GB2AMBAIBCEN a cover slip in a 6-well plate and incubated 5 r
24-72 hours. The adherent cells are washed twice with PBS and fixed SCMAHUUB
m nutes with -20C nethanol, then air dried and afterwards again soaked in
PBS. Unspecific proteins are saturated by incubation with 20% FCS in PBS for
15 mnutes and then anti-Epo is incyBated for one hour. The reaction is
visualized with anti-nouse 1gG FITC conjugated. The fluorescence is
detected by confocal mcroscopy at an excitation wavelength of 488 nm and
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of chronoMetked Met hod Approximately 1x108 CHO-cells are washed once in
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conjugated to alkaline phosphatase and NBT/BCIP staining.
Isoelectric focussing
Materials

System:  Multiphor ll, Amersham Biosciences

IPG Gels: pH2.5-7

Reswelling butfer: 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,O

Sample buffer: IPG sample buffer pH 3-10, 25p! in 625 pl HO
Blotting bufter: 2.93 g Glycine, 5.81 g Tris, 20 mi methanoi. 0.375 g SDS
adjust to 1000 mi with HzO
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-HClI 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.



Slotting matrix: PVDF Inmmobilon P 0.451iM M I Iipore; K8JVMB238H V\ashi ng

buf f eCase &e3BRIIMBGKshi ng buffer Dilution buffer: 1% mlk povvder %8@* A5
buffer Detection buffer: NaCl, 0.1 MTris-HCIl 0.1 MpH 9.5 2 5 I\/AY

Met hod Epo containing sanples are adjusted to 30 ng/201lil in 1 x sanple
buffer with 1 % a-MIG and applied to the SDS gel. At the end of the run,
the proteins are blotted to a PVDF i.qgabi |l on nenbrane for two hours and
then the Epo is specifically stained with a nonoclonal antibody detecting
the first 26 am no acids of Epo. Visualization is done with anti nouse 1gG
conj ugat ed 1.0 al. kal i ne o_o hat s? and NBT/BCI P staining. Isoelectric
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In-vitro specificity test

The human erythroleukemic ceil-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:  RPM! 1640, supplemented with 4mM Gin, 10% FCS,

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

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

Test medium: RPMI 1640, supplemented with 4mM Gin, 100ug/ml transferrin,
2mg/ml BSA -
Methods
The functionality test is performed as a MTT viability test in 96-well plates (Hammerling et
al., 1996, J Pharm Biomed Anal 14(11):1455-69). Samples are diluted 1:2 fold eight limes,
starting with 100 ng Epo per ml in test medium. 50 pi 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 ul SDS/HCI (10% SDS in 0.1



Case G 32273A/BCK -16 2 5 MAY 2006 Determ nation of the DNA content The DNA
cont erttasgrGB8E6MYBR#nt cell-lines is conpared with the CHO dhf( host
cell-line by FACS analysis. Materials Wshing-Buffer: 0.1 M Tri s-I—Z?ﬁ,M%Illﬂﬂﬁ
7.4, 2 MM MgA 0.1% Triton X100 Staining Buffer: 0.3 pg/m DAPlI (Hoechst)

i n washing buffer Method 5x105 cells are washed in PBS and fixed with ice
cold 70% et hanol . Afterwards the cel-lig-are washed twi ce wth washing buffer
and then incubated in staining buffer for 30 minutes at RT. The DNA content
is measured with the FACS Vantage (Becton and Dickinson) at 359 nm
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solution (6 I'n PBS) are added and
Plasmid pSV2neo (ATCC 37148) is cut with the restriction enzymes EcoRl and

Hindlll. The two resuiting fragments has a sizes of 3092 bp and 2637 bp. The 2637 bp
fragment consists of an EcoRIl — Pvuil 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 EcoRI and a Spel site in the downstream primer. The
amplified region corresponds to -nucleotides 2846 to 1938 in the sequence of pSVZneo
(Genbank Accession No. U02434). The oligonucleotides are designed as follows:

Oligo 2004-01:  length: 38mer

5°- ggg gga age tig ttg gga age cct gca aag taa actgg -3° SEQ ID No.1
5" Hindlll: aagctt - g {= pos. 2846 in pSV2neo) ttgggaagccctg............. SEQ ID No. 2

Oligo 2004-02:  length: 42mer
5°- ggg gaa ttc act agt gag tcc cge tca gaa gaa ctc gicaag -3 SEQID No. 3



I ncubated at 37C for 4 hours. The dye is dissolved with 100 pl SDS/ HCl (10%
SDS i a3e5-838&3AZBSK273A/ BCK -17 M HCI) for another 4 hours in the gaﬁ:]m,(a@ﬁlﬁs
t he Epo dependent viability is photonerically determ ned at 550/ 69

MAY 2006 Exanple 1 - Construction of plasm d Epo/neo 1. Construction of
p2-neo 1.1 Preparation of the vector fragnent from pSV2neo containing the
SV40 early pronoter The basis of theggwector construction is the pBR322

pl asm d backbone contained in pSV2neo. The smaller EcoR - Pvull
restriction fragnent includes this pBR322 backbone and the nei ghboring

Pvul | -.thagéﬁl?ll_fragrrent from Sv40 bears the relevant fragnment of the SV40
early™p € Pl asni d pSV2neo (ATCC 37149) is cut with the restriction
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bp and 2637 bp.  The fragnment consists of an EcoR - Pvull
restriction fragrrent |ncI ud| ng a pBR322 backbone and a neighboring Pvull -
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domst°Pe§?t1sﬁ9 7‘%{5& rﬁ’ﬁlg %r?pl@?\'%a‘&gé? 'Teéé'ﬁ%nds to nucl eotides 2846 to
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ol i gonucl eoti des are desig ows: Aigo 2004-01: Iength 38ner 5' -
ggg gd¥izagtPromeoei@magh %t%\mﬂg EgoRland fdfad%!can@eunf@d visean pgamge gel 5 |
H ndl | pSV2neo) ttgggaagccctg ... ... SEQ
| D No.alng %ﬂ?gggzgg(%rggoﬂﬁﬁsg@ﬁﬂ&ﬁ@nm - ggg gaa ttc act gat gag tcc cgc
tca gaa gaa ctc gtc aag - 3' SEQID No 3 Case G 32273A/BCK -18

1.3  Construction of p1-neo

The amplified EcoRI-Hindill neo gene fragment is Ilgated to the EcoRI-Hindlll vector
fragment from pSV2-neo using Ligation Express (Clontech) and transformed into an E.coli
host (E.coli SURE (Stratagene)). Transformants are selected by growth on LB medium
supplemented with 50 mg/l ampicillin.

Plasmid DNA is isolated from clones and checked by restriction analysis using EcoRlI
plus Neol (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 SV4Qearly 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 tag tit gtg aag gaa ccttac tte igt ggt gtga -3° SEQ!DNo.5

5" Spel:  actag - t (= pos. 1598 in pSV2neo) ttgtgaagga............. SEQID No. 6



5" EcoRVSpel : _?aa ttc actagt - g (= pos. 1938 in pSV2neo)

agt cc&pse@ggda/3ABCK | SEQ ID No. 4 25 MAY 2006 The anplification p'ref)si}@i @E
prinmers 2004-01 and 2004-02 is prepared by PCR using Pwo pol yneras !

Di agnostics). The paraneters for the process are: 20 ng of pSV2neo, 10 pnol
of each primer, 10 mmol dNTPs, 2.5 U Pwo pol ynerase in the supplied buffer
to a total volunme of 50 pi; tenperatigr-e profile: 5 mn 95 C 35 tinmes (30
sec 95 C, 20 sec 65 C, 90 sec 72 C, 3 mn 72 C, cooling at 4 C until
further use. The resulting DNA fragnment of 935 bp is purified by DNA

| sol atd s (Mnj W d Pronega GrbH), digested with EcoR and
Hi ndl I?@Ban purifi edrigvnlgg"g]&%ar ose gel -and eluted using Spin Colums

( Supelscajgg ghahitt@ag sigy walia cadfacaligamaa ghhscaargatg bi-ad EcoR SEQMDING, 7neo gene
fragment_is ligated to the EcoR -H ndl |l vector fral%r@rent from pSV2- neo
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(E.coli SURE (Stratagene)). Transformants are selected by growh on LB
medi um suppl emented with 50 ng/1 anpiciliin. Plasmd DNA is isolated from

cl onesTheramplificaticncproguct of priinets 20040tk 2O04-064$ preperscirly PERwsingowo ( 3

tho- o tobtdaee Fieheiadiuth B st nd ihorh” B Reantina g PBFBUER S oo ot
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neonycin resistance gene is designated as pl-neo. 1.4 Preparation of the

SV40 termnation region SV40LTpol yWS PCR priners are designed to anplify a
f r agmehn (H%EP@'&I?H&‘P%EWO 1598) of the SV40 ternination region present

i N pSYADRD pld&HRidUGA iPd ﬂé&iﬁ@ihf;@c%ﬂl PRI THS rasulify ekt fradgrhént id or Spel .
In addition to the BanH site already included at position 7 of pSV2-neo -

an Edorfiedligatedyvithiihe ampliied fragmentroniaining SVAKTRAYAYESS sedirasfeamesy a 6
st oo ERPFASH TaHRRartE 3R bl o} O NTRE Bl SlbpidriE e Wi o 2 ©
cct t &0 motamgicilggt gtg a - 3' SEQID No. 5 5 Spel: actao - t (= pos. 1598
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(1 fragment of 4411 bp) and Ncoal (2 fragments of size 3631 bp and 780 bp) and Sphl (3
fragments of size 3499 bp, 840 bp and 72 bp). Plasmid DNAs showing the expected
fragments are further checked by sequencing relevant parts of the constructs. A plasmid
DNA containing a verified SV40LTpolyA/IVS is designated as p2-neo.

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 aré modified to introduce recogpnition sites for BamHI and Nodl. 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: ggatce - t (= pos. 3435 in pSV2neo) gtggaat............. SEQID No.10

Oligo 2004-08: Length: 46mer

5°- ggg gac ggc cgc age it g caa aag cct agg cct ccaaaaaag ¢ -3 SEQID No. 11

5" Noll:  geggeege - a (= pos. 3093 in pSV2neo) getttitgcaaaag............... SEQID No. 12



5'-0ggg gga att cgg agg ggg atc cag aca tga taa gat aca ttg atg a - 3' SEQID
No. 7 Cdse GSEQRVBAMAIAK gaattc - g (= pos. 751 in pSV2neo)gatcc

agacat gat aag. . . . . SEQ I D No. 8 The anplification product of priners 26&4“—”8520“5
2004-06 is prepared by PCR using Pwo pol ynerase (Roche Di aghostics) as
descri bed above. The resulting DNA fragnment of 873 bp is purified using DNA
i sol ation colums, digested with Ecafggand Spel and gel-purified. 2 5 MAY
2006 1.5 Preparation of p2-neo pl-neo plasmd DNA is digested using EcoR +
Spel . The resulting linearized fragrrent is purified, ligated with the

lified f '
B ol 1 TapPIAEALPORHEH b nibes S00E0T 3.2t09-0He Ridpatsd DeP GBGRIA Bn! onrent ed
W th fGfimathse FF?ER!h‘é'IilhgﬁbstlE’égaﬁéTHésdﬂﬂéd'aﬁow@h@ﬁé&lﬁﬁ@NA'f%ﬁen@BﬂS@ec ked by

restriction analysis uSin (1 fragnent of 44711 and Ncol éz

f r agmdaig pyfified yeing DA lﬁ@lamcqlemnsm'%ﬁien wiihiBail apd a‘ﬁw)eﬁ@% gefpusifigd. 3499
bp, 840 bp and 72 bp). Plasm d DNAs show ng the expected fragnents are
further checked by sequencing relevant parts of the constructs. A pI asm d
DNA canzai rPreparatioty offthe pBivedtripveyripdlt | s desi gnat ed as p2-neo.

(ragnent . PiEBRssBEYBke YA R saaveRill Tented usos Hamlapagiat fepeghiho: o
f r agnere DiAYs Héﬁ%ﬁéwlaﬁ@@snh%ﬁb%éhdsﬁﬁ%ﬁé fhet Barhmi‘NQﬂ‘ﬁag'lﬁéﬁ't ikn

constructing the asm ds wever the ends of fragment are nodified
t o i ntRusidied gorretbegmad! ifeagmeint wie agarosB-gaHeleghiopnasesis prrwréo ligaticgonucl eot i de
primers used to anplify the pronoter are designed as follows: Oigo
2004-07.. Length: 38nmer 5'- ggg ggg atc ctg tgg aat gtg tgt rag tta ggg tgt
ag - &.3SEQ’|‘eBaManamBVerﬂhmtbn afgdasmidp3 (= pos. 3435 in pSV2neo) gtggaat

........... 2004- 46 5 -

noe L1111 Thesameltled A HINOR S maat contaning Tis s Vap Sacppiores I HbASE. 9%c, £
SEQO | D

D99 981 the PréparRf el daipt | SIONGERAUSIACH ONALIRASBromega GmbH). Plasmid>EQ

pri mer2NAfrom Grol SpH4(Statageng) Epnsieananys isdFIalen Agd pybfied,om pelonias qroche
Di agnqs hediim &ppinsitbd Sitn A8 g dpichiRSul t1ng DNA fragment of 365
Resulting DNAs are checked by restriction analysis using EcoRI plus Ncot (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.



bp is purified using DNA isolation colums, digested with BanH and Nod, and
gel - pdrasei@82223ABRKepar at i on of the pBluescript vector part pBl uesci SW 0
SK+ DNA is sequentially restricted using BamH and Nod, respectivel y4 J-
DNA i s dephosphoryl ated using al kal i ne phosphat ase. The BanH / Nod fragnent
is purified fromthe small fragnent via agarose gel electrophoresis prior
to ligation. 2.3 Preparation and ver.idfication of plasmd p3 The anplified
BanHl - Nod fragment containing the SV40 early pronoter is ligated into the
prepared pBl uescript 11 SK+ vector using T4 DNA Ligase (Pronmega GrbH).

Plasm d fromE. colj at agene sfor ts is |[sqlated and
purified frokirasenfissue @,{ys l%yn%‘if{ ‘g R-E%a]?é%a% %}9%)93 afpicillin.
Resul tindu@atdt st 18L30°CTOES PintREs l@éﬁédr@bbﬁﬁle@élabéﬁ‘da&toﬂsl\ﬂé}' damigh dil2ae pNcol (2
fragnents of size 3039 bp and 253 bp) show ng the expect ed

f r agmehlogotare, shakingdhe mnwat@ﬁd‘w&é |"H©Ut986§ h5 -30 r(&m?stUB? i% he SV40 early
Pr omoightrifiide it 'éﬁgﬁf%f&ﬁotrfiﬂﬁtegamlo ct.én?rﬁu%é‘t R ﬁlietlﬁ)f\é%gﬁ: dts-p h-59§ pl asm d

i s designate } ati1on of t ot al
RNA wiig eammllmaoﬂ)arraéaagerﬁmestrmlzmmmeyi WI@aijml tsopml flophgl eotdndubatedfatEpo RNA
from ﬁde dxge n hospi tal )
is a %wgﬁggﬁﬁéol u fbgn"'é?%ﬁ enot ' cehmtfid | ne fg%ﬁ]r‘?)btg&;ﬁ@ ? g Duri ng
cel | Iwashed gith retichrod oesnﬁthgeltgwmtﬁdhed Emd dissolved insRiNAbd Bree ﬁlﬁﬂ(bwatew th RNA

\(/:\anlt ?l@?ﬂgﬁgé&td’é@%u etésggecr[ﬁl?t%?tﬂ?%{yr?ﬁ%?bgfhgr ;nqu]eglj!someRaAbgont ai ni ng and

an organi c phase. After separation of the aqueous phase the RNA is
precipitated th iso | cohol, washed wth ethanol, air-dried and
resuspended Qﬁnz BQ%@‘YM Human ki dney tissue fragnents are cut into’
smal | pi eces, forced t hrough a 100 pm cell strainer, centrifuged (179xg/ 10
mn) and the resulting pellet is washed three tines with PBS. Then the

pel | etBY avajuating traadia of P0xm6, and Clbwed(maxinee abserbangref proleisAne a0 196C and
St or eQsihaedie BH | & tlfné’EINAeg oldfién, A@@w& nﬁ&@féﬁﬁéelégﬁrse %‘é m% 5 MAY 2006 The

frozen tissue |s sed ditro honogeni zed and

I ncubat ed at 15- 30C for 5 m nutes to ensure conpl ete dissociation. After
addi t i%eh ofmBla isplation with Dynabeads Oligo (dT)25

Dynabeads Oligo (dT).s mRNA DIRECT kit employs hybridization of the
polyadenosine tail RNA of eukaryotic mRNA to supermagnetic, polystyrene particles
containing 25 nucleotide long chains of deoxy-thymidyiate 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; LiC! 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 totai RNA, 100 yl 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 pl 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 separated
in the Dynal MPC®. The beads are washed twice with 1x washing buffer. The
polyadenylated RNA is eluted from the Dynalbeads Oligo (dT).s by incubation with elution
buffer (2 x 10 i) 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.



chl orof orm shaking the tube and incubation for 2-3 mnutes at 15-30C the
tube iCRSeCERPPTIANGEA at 12000xg for 10 minutes. Following centrifugatygm g
t he upper aqueous phase is carefully transferred to a fresh tube m'xe@ Wlpﬁh
500 pl isopropyl alcohol and incubated at 15-30C for 10 mn. The
precipitated RNA is centrifuged (12000xg, 10 mn), the pellet washed with
et hanol, centrifuged again, airdried22rd dissolved in RNAse free DEPC water.
Total RNA content is neasured photonetrically at 260 nm 1 OD250"m = 40 pg
RNA/m By evaluating the ratio of OD26p,, mand OD2w,,,,, (maximum absorbance
of pr in imate the purity of the RNA isolation. It should
range%tb:gt vvzﬁe%‘%?g%??rbécﬁﬁyong 2 MRNA isolation with Dynabeads Ollgo (d7725
Dy Inabgads GIHeg;peéilti&' }Jﬂﬁueﬂﬂf NEpEI iRberatkred g miry mcblydtiondit 80t¢ and chl‘e mARBIA

pol yadenosine tail RNA eukar i to super net i ol ystyrene
bar 1 | 4 enatigA i iy neebatoR I 65 e e AP YR FREPaRETIE Bia addegiP dienle

coval gy i nidrbeeiiftig QUi ice: surface. MRNA bound to the magnetic beads can
be separated using a Dynal nagnetic particle concentrator (Dynal MPC(r)).
Washi ng buffer Tris-HCI 10 mMM pH 8,0; LiCl 0,15 mM EDTA 1nM 2 x Binding
buf f er Triw, T Crrthal™ EDTA 2 M For 10 pg of total RNA,
100 pl Dynaﬁea s oligo (dT)25 are separated in the Dynal MPC(r) and washed
twice with 2x washi ng buffer. Meanwkoneentratioh RNA i s adjusted to a vol une of
200 pl Wth—ﬁ*—uﬂ&m—ng—bu#—#e#%d—dﬁbnaﬁ&ped—by—w -Acubation at 65C for 4

m nut es. ThWe RNA is mixed with’H ? beads, incubated at room

t enper at ur e _@Oﬂi%ldnes and separ%?éél' in the Dynal MPC(r). The beads are
washed twi cBogiringen RCRHutten {1k f er2 Mirhe pol yadenyl ated RNA is el uted from
t he Dynal be@¥EPEX14BMIdT) 25 by incudltion with elution buffer (2 x 10 pl)
for 4 m nutMeCh{S@8M™) Dynabeads areldkparated in the Dynal MPG and the
super nat ant Epe fari@Qipmoedrl) transfertbl to a new RNAse free microcentrifuge
tube. The ©TH42.4 M)s used directly 98P Weverse transcription. Case

G 32273A BORNAsgg inhilsto¥0 Updlc 3. 3 RRRBibe Transcription The specific priner
for Epo is _dgdatured by 4 min incubd2bgh at 80C and the nRNA is denatured

by 5 mn incubation at 65C. The follow ng conponents are added to a sterile

L5 M fSREEN 11T UgE ibe On g

Inactivation: 5 min 100 °C

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 cDNA pr 5 pl _
polymerase Vent 1U (0,5ul)

polymerase buffer Vent buffer 1x (10pl)

gl\(l)':'?’s (10 mM) 200 pM (2u)

MgCi, (50 mM) /

Primer for {10 pM) 30pM (3ul)
Primer back (10 pM) 30 pM (3pl}
DMSO !

H:0 76,5 pl

PCR cycle




Reagent Final concentration nRNA 10 NI MWLV (200 U pl) 0,25 pl Boehringer
PCR b BdserG-32073A/BZKpl dNTPs (10 mM 2 pl MWCl2 (50 MM 1 NI Epo for (100
pmoVpl) 1 NI DTT (0,1 M 0,25 pl RNAse inhibitor (40 Upl) 0,25 pl 2544 2006
3,25 pl Incubation: 60 mn 37 C Inactivation: 5 mn 100 C 3.4 Pol ynerise
chain reaction The foll owm ng conponents are added to a sterile 1.5 ni

m crocentrifuge tube at 4C. PCR condidions are |isted bel ow Reagent Epo
Tenpl ate cDNA Epo 5 pl polynerase Vent 1 U (0,51 1) polynerase buffer
Vent buffer |x (10pl) (10x) 200 pM (2pl) dNTPs (10 MM MG Z (50 mVv) /

Primer [13 5 ?Iﬁ)l\/p 30 Primer back (10 pM 30 pM (3pl) DVMsSO/ HO
76,5 p‘l 8 %? BCK -23- 1 Denaturation95C2 mn 2
Denat L?rg?l"ﬂﬂ@‘ @215 sec ¥€%nneal i ng58C30 sec

3 Primer annealing 0 sec
4 extension 72°C 1 min
5. finish extension 72°C 10 min
6. cycles 30

The PCR amplification products are analyzed by agarose gel electrophoresis.

3.5  Agarose gel electrophoresis

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

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

Lambda-Marker Il 10 pg bacteriophage Lambda-wildtype-Dann
(2,5 pt Hind Il + 2,5 pt Eco R | + 20 yl buffer R (Fermentas) filled up
with H,O ad 200 pl;
1 h at 37°C digested, 20 min at 65 C inactivated; supplemented with
40 pl BX-loading buffer)

1g agarose and 99g 1xXTAE 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/mi}). 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. Identificétion 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 1jg
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.



4 extension72Cl min 5. finish extension72Cl0 mn 6. cycles30 The PCR

anpl i [GazetG-p2mABUst s are anal yzed by agarose gel el ectrophoresis. ﬁaﬁw 5”&5
Agar ose gel electrophoresis 2 5 MAY 2006 6 x BX buffer bronphenol blue O,

% xylene cyanol 0,25 % glycerol 30 % TAE buffer Tris base 242g; gl aci al
acetic acid 57,1 m; EDTA (0,5 M pH 8,0) 100 m; adjusted to 1000 mM H2O
Lanbda- Marker 111 10 pg bacteri ophagegyl.anbda-wi | dtype-Dann (2,5 pl Hnd Il
+ 2,5 pi Eco Rl + 20 pl buffer R (Fernentas) filled up wth H20 ad 200 pl;
1 h at 37C digested, 20 mn at 65 C inactivated; supplenmented with 40 pi
BX-1 oading buffer) 1 g agarose and 999 1 xXTAE buffer are nelted in the

mi cr owa& € &@atoncool ed down to approxi mately 60C and suppl enented with 3 pl
of ethidium’ m ock solution (10 ng/m). Cels are run in 1xTAE buffer
at 100- BOOQM@%@G tely 30 nin, depending on the length of the DNA
fragnents %p(mESnm@ﬁ(%nt&ﬂﬂBbbrﬁ&ﬁieﬁpéﬁrﬂai%tthnfélrneﬂﬁBBécﬁnéT‘eﬁmdsi_téM th 2 pl
6 x BX buffer. Identification of DNA fragnents is based on conparison with a

Lanmba/lRER) of the encspbelomypearditisvirie (RAMVE twhichapermits tee trprsiationtaf dwo epemcr
rodu : i i . $LiGLd f nd

Phoer roadfid ol iRholobtditiel Ba in8 ckoRSSbhicata ot oieehes coind I

r est r itoé homab sftoarcgaklvizus{CMdd) mejoh irbgediateceanly dpbihotsénbarger follawedbgiang t o
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Then tdeaeaindyh@polgaddratdtion aigedl bithb davine grouththonhdse. flo thid Gedtontha MY he

reaction mxture is, anal d by agarose gel electrophoresis. Case
GSZZPQW‘B'@R’S-rQH'aEe‘ibX/ﬁ‘F %ég%eé%ﬁf? MA'%ati on pl RESneoSV40 vector pl RESneo

vector (Clontech | aboratories) contains the internal ribosone entry site

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

H,O - ad 10yl

3.6.3 Bacteria and cullure media

JM109 (Promega, USA)

LB-medium peptone from casein 10 g; yeast extract 5 g; NaCl 10 g, adjusted to
1000 ml with H,0O 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 mi LB-medium



(I RES) of the encephal ornyocarditis virus (ECW), which permts the

t r ans|Cased32273ABCHpen readi ng franes from one nmessenger RNA. The Y 2006
expressi on cassette of pl RESneo contains the human cytonegal ovirus (Zélm

maj or i mredi ate early pronoter/enhancer followed by a nultiple cloning site
(MCS), the ECW I RES foll owed by the neonycin phosphotransferase gene and

t he pol yadenyl ati on signal of the bawsne growh hornone. In this vector the

CW pronoter is replaced by the SV40 early pronoter. Vector and PCR product
are ligated with T4 DNA |ligase. For optimal ligation approximately 20 ng

vect or d 200 ng insert (depending on the |ength) are used in a nplar ratio
of abGHE MEdknang mPRE PKTA S SORPRLETESLE AL SaCh G A/BMMSCH 10 p
H2O. The incubation i1y mmegle6seesh AWEMYhf1ML5C and 3 h at RT. Then the

| igase is heat-inactivated by incubation at 65C for 10 m nutes. Reagent

Fi nal anount Vector (plRESneoSV40) - 20 ng Insert (Epo) - 200 ng T4 DNA
Ligase 1U (1 NI) Buffer (5x) 1x (2 pl) H20 ad 10 pi 3.6.3 Bacteria and

cul tur ' @é} R USA) LB-nedi um peptone fromcasein 10 g; yeast
extraﬁs'gsg%ﬁﬁ{é %8&}9gf adﬁ%ted to 1000 mM with H20 and set to pH 7,0 with
SM NaCH Lipy tidrPolc tehtbatPa (0M1643- medi um LB- Anp 100 pl ampicillin (100
nmg/m) in 3A/ BCK -25 SOC nedi um bacto tryptone

20 g: yead halEmediug is ibroHlates With Ecol (VTAY) a0g@rown ouermiaht g\ 68 20
SA : \¢ . . ' ' tion of
comperanreiia s ot o e R R G alh e B ord o
( IMLODY O Bagteviarara centrifugkd ah#53F @m for 10l minzd ¥EC aad thrutellpalletis di | uted 1: 100
in LB ' d ' | d 0] f . teri
cont r T oGRS BBHRPS Y GrCR) A Bty STRER G Spey T o @ A1
centrifuged, the pellet is resuspended in 2 ml 0.1 M CaCl; and aliquoted to a total volume of

100 pl, frozen in liquid nitrogen and stored at —80°C.

Transformation

In pre-chilied 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 pyl 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 pl 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/m!
Cell lysis solution NaOH 0.2 M, 8SDS 1%



resuspended in 10 n 0.1 M CaCl 2 (4C)/50 m bacterial suspension used. The
cel | s Gase G-cear3A/Baied, the pellet is resuspended in 2 m 0.1 M CaCI?5m¢2085
aliquoted to a total volune of 100 pl, frozen in liquid nitrogen and stored
at -80C. Transformation In pre-chill ed 17x100 mm pol ypropyl ene cul ture
tubes 5-10 ng plasmd DNA is added to JML 09 conpetent bacteria, gently

m xed and put on ice for 30 mn. Thenpgthe cells are heat-shocked for 45
seconds in a waterbath at exactly 42C without shaking and inmediately

pl aced on ice for 2 mnutes. Then 900 pl SOC nmediumis added to the tube

and i ncuba Sed for 30 mn at 37C ﬁyf ore plating, 100 of bacteri aM:suspensi on
on LB- ’{ﬂt'QFéQIUt’Q”G 5 guaRidinedlyd %Q?ékﬂ fﬂfgﬁi"}@é‘?t?ﬁ ¢ (P es
Ampicillin resistant colo la%fa| ﬁ&@tlcs&r@ﬁﬁéﬂl ngﬁhe inserted DNA fragnent by
PCR technique. Portions anpicillin resistant colonies are mxed with the
PCR r dzalwmomwashsoltien and pmaLSﬁtuspmtatie@OpnMnin%Hﬁgmnw pthé.5:1 oned DNA
fragnment (see bel ow). P05| Y1$ géy/onl es show PCR-anplified DNA bands in
agar ose gel el ectrophore3| S. hesé’ colonies are then propagated in LB-Anmp
medi urg-3 et LBuﬂimhmedmmh;esmecmmédpﬁmsamdglptmldnymdmmmbaténratfa:n“’ckneer use and

st orage of .desired pact xed with 500 NI cerin (87
% an gﬂjfofpéedsm'éqon '§6@1 L dg{#@ d% F)"%Iﬂr\gst S{psyfting Redpys Hgke wlf fication
Syst efediRpbnd&SHIBONE lr@ébsﬁ@ﬂmﬁi&rﬁ gautTdn sncﬂﬁlen@@orm/bf &dillySis sGiliidn, Hiixddby RNase A
100 pg/m . Cell lysis solutio 1% Case G 32273A/BCK -26 2 5

MAY ZWW}PP&‘I‘W% {ipas apy HICPB#eS@éﬁdePh -Srfp'ar Bwpewrd@ W delalingt assi um
acet atpﬁot@a?&?%tnorﬂ%&%bﬁiedaﬁ ¢ for Q%IH) gndlz?r% l_rl%uﬂ‘aﬁza@% 'éB?ﬂJtl&‘@%reS%dgd on

pot assi um acet at e Tris-HC hanol 60% 2 m  LB-A
medi urhhgrtebe ﬁdﬁme&taédvmlxw by E\Nﬁ@lnﬁ ltcﬂollrnﬁs/a@mmeu tw@tﬁ:s@i weatats gerr@lf@a@ﬂ ni ght .
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t hor ough S resuspensi on so Ion an en 250 pl of
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3.6.7 Sequencing of plasmids

The inserted sequences are sequenced by IBL (Gerasdorf, Austria) and by
GenXpress (Maria Worth, 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 Ht gca aaa gec tag-3 SEQID 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°-gcc cag tte cge ceca tte-37 SEQ ID No. 15
Epo
Epo BamHI for 5'-tag gat cct cat ctg tce cct gte cig -3 SEQ ID No.16
Epo EcoRl back 5'-tag aat tcc gce atg ggg gtg cac gaa tgt ce-3'
SEQID No. 17
Epo 221 for 5’-taa ctt tgg tgt ctg gga-3° SEQ ID No.18
Epo 204 back 5°-tcc cag aca cca aag tt-3° SEQ D No.19

plRESneo




The tube is immediately m xed by inverting it 4 tines and the bacteri al

| ysat €4dse G-3R2TIABEED at 12000xg for 10 mn at AT. The cl eared Iys%;”r
transferred to Spin Colums and centrifuged (12000xg, 5 mn) and t c'g &qﬂr%
i's washed twice with washing solution (750 pl/250 pl). The DNA is eluted
with 100 pl nucl ease-free water. 3.6.7 Sequencing of plasm ds The inserted
sequences are sequenced by IBL (Gerasgarf, Austria) and by GenXpress (Maria
Wrth, Austria) with specific primers. Aigonucleotide primers for the
anplification of Epo and SV40early pronoter and for sequence anal ysis are

i AL i Ldae nri ) aallen ) - /I nromte 40 ar|y
B

No4®b. 13 sv40
early NrubiRFamke 1038%0CIC Ja8r £l eadbéc é’ébc%jé%égcc t gsBo iB§. b No. 14 SV40
early 281 back5'-gcc cag ttc_cgc cca ttc- Q I D No. 15 Epo Epo BanH
for5' -tagPliESnee786forct g t c&-GUeC agacascg9d@i®acisEQ | BERIDND.BBo EcoR

back5' -t g c atg t g £c-3' . 17 Epo 221
forb' -taglgﬁét%[%%dc:lﬁ?%f ctgqg%%ggtaggg%@é%tl@%ggo 20?%39(@0'- CC cag aca cca
aag tt-3'" SEQ ID No. 19 pl RESneo Case G 32273A/ BCK -27 pl RESneo 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' SEQ ID No. 21 plRESneo 2786 for 5'-ggcc aaa caa cag atg
get-3'" SEQ ID No. 22 plRES-200 back 5'-tgg aaa gag tca aat ggc-3' SEQ ID
No. 23 4. Construction of plasmd p5 4.1 Preparation of the Epo gene

fr agméht Tt@"é‘"‘ﬁrr“\%'?ﬂr"ilp? g Bbr Epo (human erythropoietin) is anplified by

PCR ug g ; t | . The sequence of Epo is given in
SR ﬂ@ﬂ?ﬂl@h‘@tﬁi@fﬁ: ﬁélﬂ%gw

GenBank Accessli on cognition sites for Nod and Kspl are
i nt r oduced Tihetstruchisal gspe ferpafumaneatbropsiatinpisiamplified by PER usiegy. The

Pri ML s EMRIRY 898 YefiSiale®DNARS he Pelid8n @ FEDYs gheAH BenfRA® Accession

No. M 11319.1. Recognition sites for No#l and Kspl are introduced into the upstream and

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

Oligo 2004-09: Length: 45mer

5°- ggg gqc gge cqc atg ggg gtg cac gaa tgt cct gee tgg ctg tgg - 3° SEQID No. 24
5" Nofl:  geageege a(= pos. 665 in PSVGPIRNEO) tgggggtg............... SEQID No. 25
Ofigo 2004-10: Length: 44mer

5°- ggg gee geg gte ate tgt cee ctg tee tge agg ect cee ctgtg -3 SEQ D No.26
5 Kspl:  ccgcag - t (= pos. 1246 in PSVGPIRNEOQ) catctgteccct.............. SEQID 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/Nofl Fragment is used in the triple ligation described below.

4.2  Preparation of the termination region SV40LTpolyAlVS

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 Kspt (=Sadll) is included Into the upstream primer and the sites for Sacl and EcoRli

into the downstream primer.



5'- ggg ggc ggc cgcc atg ggg gtg cac gaa tgt cct gcc tgg ctg tgg - 3' SEQID
No. 243as§ G-BRB73ABOKccgec a(= pos. 665 in PSVGPI RNEO tgggggtg MAY 2008
............... SEQ ID No. 25 Adigo 2004-10: Length: 44nmer 5'- ggg g;c% 6 ZP
gtc atc tgt ccc ctg tcc tgec agg cct ccc ctg tg - 3 SEQID No.26 5 Kspl:
ccgegg - t (= pos. 1246 in PSVGPIRNEO catctgtccecet .............. SEQ I D
No. 27 The anplification product of pygmers 2004-09 + 2004-10 is prepared by
PCR using Pwo polynerase (Roche Diagnostics), as described above. The
resulting DNA fragnent of 604 bp is purified using DNA isolation colums,
digested with Kspl and Nod, and gel-purified. The resulting 592 bp Kspl/Nod
Fragment is used in the triple Iigation described below 2 5 MAY 2006 4.2

Pr epar _f t he terén At AR €9i on SVAOLTpol yWS The ternination region
of SV40 Tpo 1VSisr oned from pSVZ2neo by PCR in a simlar nanner to

t hat @esgggmwwgaammmcncmbgﬁgttghe -donst ructi on SEQIR-Nm28B except

recogr o8k o eeaedt THEPEPTES Hesudlieo) BaBRgdaE et e SERE A Upst r cam
G 322734 BOK 28 O 0o 5’25’ T ength: 42mer S - g0 gee gey oft tot gaa
gga a&@A/ %‘t’é ctg ?gﬂ‘ggbt“%% 7 SEQ | D No. 28 ggg aspl:g chc - '? (g pos.
1598 s g@rﬁer @@_ﬁftﬁé@ acatgataa ata cat tgafgQ- 80 No. 29 Oseaap3f4012:

| engt h: a gét cga atl cga tcc age cat gat aag ata cat tga g
-3 sBOQYap/ ReeRI30 ggsgl_mlls EgdRIPOSgEZR NP YY2aepkatccagacatgee SEQG PN B1pS\V2 neo)
at ccagacatg. . ... SEQ ID No. 31 2 5 MAY 2006 The anplification product of
prinmers 2004-11 + 2004-12 is prepared by PCR using Pwo pol ynerase (Roche
Di agndﬁieiampli,ﬂcatinrtm'sdudtlméﬁriabmlaootﬁé+m944112imgrelﬁbkdb)ﬁl@@ﬁnlsirngnB&B bp is
purifie

resul tpO?Y ﬁ‘%‘%ﬁ r@o HGstic 5§gb§sr$§eaﬁgﬂv% s%f?%\’%@g’@ﬁ@ 'gﬁigg?l -(I)-Eeof

t he paapweptmreedol@sfmg D&Aﬁb@amrﬂcmns&naamwvﬁm Ksliag@ Szef] THe iritigt | and
Sad, res‘&)ect ively is treated with al kaline phosphatase and the

vect oPNA fgament q)fsaﬁfeqn'ﬁﬁ"r‘?rf gdepurified. Triple |igation and isol ation of
pl asm d p5

4.3  Preparation of the p3 vector part
p3 plasmid DNA is sequentially digested using Nofl and Sadl, 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 Nofl/Sacl vector part of plasmid p3, the Kspl/Noil Epo gene and the Kspl/Sad
termination region SV40LTpolyA/IVS are ligated in one ligation reaction (Ligation Express,
Clontech). Transformants of are selected on LB medium supplemented with 100 mg/i
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),
EcoRl (2 fragments, 2913, 1810 bp) and Pwull (4 fragments 2513, 1204, 903, 103 bp). Two
clones showing the correct restriction fragments are selected and checked by sequencing.
The whole cassette cloned into pBluescript 1l SK+ is sequenced and compared to the
expected nucleotide sequence. Every single nucleotide could be successfully verified. The

plasmids are designated p5.



The Notl/Sad vector part of plasmd p3, the Kspl/Notl Epo gene and the
Kspl/Sad term nation region SVA0LTpol yA/I1VS are ligated in one ligation

r eact iase(@B3gATIABOKpress, dontech). Transformants of are sel ect g MAY 1086
medi um suppl enented with 100 ng/l anpicillin. Positive transformants
contai ning both fragnents inserted are screened by colony hybridization
using both anmplified fragnents 2004-09/2004-10 and 2004-11/2004-12, as

| abel ed probes. Ten cl ones whi ch gawega positive hybridization signal with
both probes are chosen for a "mdi" scale plasm d preparation (Q agen).
Restriction analysis is perforned using the enzynes BanH (1 fragnment 4723
bp), EcoR. (2.fragnent 913, 1810 bp) and Pvull (4 fragnents 2513, 1204,
903, P03 br?)o. %%%BP&P@%W?%%% ng the correct restriction fragnents are

sel ected and checked by sequencing. The whole cassette cloned into

pBl ueset i ptCdrstiettionsofEpINésd2and conpared to the expected nucl eotide
sequence. Every siig%e nucl eotide coul d be_successfully verified. The

pl as;n' ds arPS Riasm R ip gigested with Bamhiand okl and the regiting M?@ PBndof
£ . e 4 DNA i
G oo fiagrianp cMideeriing 1o dacsBts of SVHbGRmSterfERRERESV MO EImitAIS o eY '

repr eparitiéchg t he cassette of SV40pronot er - Epogene- SV40term nator is gel -
purifi Pl asm -NeQ | ' ] I and t he

i nearnoun p2a st Bl Wgitpy Mk el apiiarostt 5o R EkaM VEERR 5B hor y1 ot ca
usi ng patiked. Auditpihaipthet DNA isdebhusphdiyatkd wdingaikalinephobpleatapaiamd purifiede

rem)ver.?'. B,othNF_ragments, the 4411 bp p2-neo vector and the 1792 bp cassette
f r om Y Afpicon Migrapuig QN2YEeBBRVE®pr ess, C ontech) and transforned into

E. cofi SURBotifragimeritsDiNG 4411 B e2-Abe JedtbPaRd/ k11702 bblcaBSdtR @ ps, sreown on LB
medi um suppl enented wth /1 —anmpicillin and analyzed by dlhgest I on usi ng

70
r est r iigated {LigatmBpreas ddongah) andtransformed ime di-coliSRBRRlagRisliPNG it he

3273, SlgH ARy FEESomaNe buan oPLE medUiSuppRapofetur B, o 12 For
addi t iaprdillipand fanalyzed hy U%@smwieg resticiing odomitidases PRI dtdoREaIRENcele e
above) andy gashSRbh@ESBRIG rkisths Recdhib gl e NoB: 9665 e Rgroen) from

780 bp, Pvull: 3273, 2130, 685 and 103 bp) is selected and designated 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: BamHl, Hindlll, EcoRl, Ncol, Notl, Pstl, Spel, Sphl, Pvull, NaAd. 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 nuclectide 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°- gggggcggcecgcaatgggggtgcacgaatgtectgectggetgtgg - 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



I nocul ated by a single colony (pEpo/neo-12-1). Restriction analysis is

per f orcesd G3PRPIAMBEK fol | ow ng enzynes: BanH , Hndl I, EcoR, Ncol M’f 2006
Psi, Spel, Sphl, Pvull, Narl. The expected fragnents and si zes coul%

found, verifying the clone as a correct pEpo/neo clone. 5.2 The final
construction of pEpo/neo The upstreamregi on of the Epo gene in

pEpo/ neo-12-1 is changed at position Om nus-3 fromthe start ATG An
addi tional nucleotide Ais introduced to result in the purine base G at
position -3 fromstart ATG A purine at that position may inprove the

expression level of the gene. For that purpose the Epoﬁgyne IS rearrpllfled
usi ng PRs &Hﬁ‘ﬂﬁ%‘éﬁ"@ﬂ)@%ﬁﬂﬁ“% WMP"?GDQI’MSQ" usingf%se end Thereshlling:  46ner

5-9 ctgcctggetgtgg - 3" SEQ ID No. 32 The
anpl i f qz?qc"gtﬁlg ﬁggfr;o uct o pr| %@4 09 a + 2004-10 is prepared by PCR

usi ng Pwo pipojee- H¢ pqamntﬂlé)NBi lagimed:wyh Kagl andod, iespeativehs to moveesul ti ng
DNA fr nt _of H£05 32273ALBCK - 30 Y 2006 Led using
N =T ey R e R A

f r agnmagieash ofh@8( b?latlo‘ﬁ Expréssy Slonteoh) fFPladmdnmn/frbﬁotréns?orﬁnantas SothtéiNand S

di gested W|th Kspl .and Nol | res ectivel to_remve  the E@gsgene The 5599
bp 1 r Ryified @ qaintieq,n LB hedivra 8 pﬁsmnkf?ééﬂ whmgllameil. o to each

ot her fnalygal b9%§ﬁ&bﬁ%lng@&ﬂ‘irﬁﬁmst Sglbgﬁ d DNA fromtransformants is

i sol ated "and “purified from col onies on medi um suppl emented with 70 ng/|

anpi ci | | i n.A ppgilivesgiene m&ie,ct@domolateQNA usmgn "Midi peemipopcadure Qingery).
scree I | prep"
or ocody ety ahRLkctSh, Shalil |SebRch Bhinb et ApULECRE NS, o kel P 0
BanHl ,Sgdl,nSpil| Pviic digh, m&:eykpecmtﬂragzﬁ’&ﬂs and Spres poﬂﬁrbbfomwbnfymnhe The

expect ed fragnment nd, si z coul erifyin clone as a
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SV40gswl [:m;tned R fBe- 4 iy \Henate €L - Epo

E:jene - Svg%élfr'rgA&A/t?R/S e?r%erteﬁvﬁ[%wgg%;@ggt%@part rl}LsE%f'ﬁ)g? confi rPred
Y.

by seqté4tiTrg ahwﬁeﬂezd in tt@ﬁ@ﬁaaetvp@tﬁr-amgﬁ Asarenfirmed gy sequancingnst r uct i on
of p2-dhfr-CDS 1.1 Preparation of the dhfr gene

Example 2 - Construction of plasmid Epo/dhfr
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 dhfr 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 ampilification 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

57 Hindlll: aagctt - A (= pos. 56 in MUSDHFR) TGgttcgaccattg............. SEQID No. 34
Oligo 2004-14: length: 42mer

5°- ggg gaa tic act agt tag tct tic tic tcg tag act tca aac -3’ SEQID No. 35



The dhfr gene used for the vector construction is taken from a nouse CcDNA,
pr esertasel G-3RREIMBEKpLTRdhf r 26 ( ATCC 37295). The nucl eoti de sequencg ﬂﬂ‘ﬂ%iﬁ
nouse dhfr cDNA (MJUSDHFR) is avail abl e as GenBank Accession No. L263 @
dhfr is anmplified from pLTRdhfr26 using priners designed to produce a
fragnent containing the coding region fromthe start ATG at position 56 to
the stop codon TAA at position 619..44s. for the anplification of the

neomnyci n resi stance gene descri bed above, H ndlll and Spel sites are

i ntroduced in the upstream and downstream anplification priners,

respec EcoR site is also introduced into the reverse priner

besi de‘-’t tl%’@h\{@?- site. The sequence of the oligonucleotides is as follows:

aigo 2004- tt | engt 9 §19 inMOSBRFRY Mgtéthétdstagacticagsctafl t gaa ctg cat
cgt cgc - £ ‘Délgoﬁ ?‘s Hi lrrl"dl Il aggctgt (ﬂ@:aéos 56 i n MUSDHFR)

Tthtcgaccattg ............. SEQ ID No. 34 digo 2004 14: SEEHEMR. 362ner 5' -
ggg gaa ttc act agt tag tct ttc ttc tcg tag act tca aac - 3' SEQ ID No. 35
Case G 32273A/BCK -31 5 EcoRIl / Spel: gaattc actag - t (= pos. 619 in

MUSDHAR)e dragfificaidrcprodocigf pgmets 2604at3 +.2004-186prepaiisl byBBCR usingfiw@006 The

lificat 2004-13 + 2004- 14
oo iR o tieonoclinont fesdibed abave o Taiesund PRA RGP B ng ona
fr agrmjpt is @LriftBusiMPDONA iBslatidr eslumBps,HigddNed Witle HHdIPanE EcoRNEnd gHI-paaficl] W t h
H ndl Il and EcoRl and gel purified. 1.2 Preparation of pl-dhfr-CDS The

anplifi ed EcoRI -H ndl || dhfr _gene fragnment is ligated to the EcoR -H ndlil
vect orl- frdﬂ'#ﬁﬁfath"cﬂﬁﬂiswff usi ng Ligation Express (C ontech), and

transf or medrgyf Iﬁ%d\%ﬂ?)ﬁﬁ gléncﬁr}gﬁifnfr gzﬁé‘ﬂﬁgrﬂ@ﬁﬁet’h 8l %o g@D@Fﬁqﬁhﬁll QeQyfh on LB

medi um suppl enen anpi c asm romtransformnts
i s i sdftagnent fmoh pBN2-hee dsihg digatioh ﬁxpws@loﬂ&chhmﬁdunmstwpeémamf ealit h 50
| lin. Plasm d mclon ed by

rost r MRt dre A ES e piglondh Bh T e SPRERARN BT E050n 005 by,
514 bparagiciia.7 Pldypjid Dﬂﬁaﬁd?mdraﬁbi%ﬁ?mSh@\As Bolatdibamkparitieddrdm egionies snalse furt her
ggﬁf;?fﬂ?fﬁém} glgrq%:ng% @&ﬁ%@ﬁ;ﬁ"g‘%& ,st cen; the constructs. A plasm d DNA
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-dhir-CDS plasmid DNA is digested using EcoRl + Spel. The resulting linearized
fragment is purified and ligated with the amplified fragment containing SV40LTpolyA/IVS
(described above). Following transformation and selection, resulting plasmids are analyzed
by restriction analysis using Accl (3 fragments of 2994, 855 and 216 bp). A few are selected
and additionally analyzed using Hindl! (2 fragments of 3466 bp and 539 bp, respectively),
Affll (2 fragments of 2872. bp and 1193 bp, respectively) and Bgl (2 fragments of 2371 bp
and 1694 bp, respectively).



and di hydrofol ate reductase gene is designated as pi-dhfr-CDS. The anal ysis
of t he€CasedhiB2RZINBCKveal ed one deviation within the dhfr gene from t)hgeMAY 2006
sequence published in MJSDHFR, specifically a change fromT to C at
position 451 of the MJUSDHFR sequence. Subsequent sequencing showed t hat
this change is also present in the source plasmd. However the resulting
change does not cause a change in theoam no acid sequence encoded by

nucl eoti de sequence since CIT and CTC both encode | eucine. 1.3 Preparation
of p2-dhfr-CDS pl-dhfr-CDS plasm d DNA is digested using EcCoRI + Spel. The
resulting linearjzed, fragnent. i urified and Iig%ated wi.th the anplified

fragnent - cdrpiasmidRNAShoVTE A pxbeciediiagmenisin KBRAIRC! izes isimher

t r ansfcpbaRid W‘se%ﬂ@n&ﬁb.e?\t\)eﬁﬂed F%%Hﬁd k%s@hé&@é&ﬁ:@&lﬁr—@@@. yzed by
restriction analysis using Accl (3 fragnéents of 2994, 855 and 216 bp). A few

are selected and additionally analyzed using Hincll (2 fragnments of 3466 bp

and 5 bp, Lval Al (2 fragnents of 2872 bp and 1193 bp,
respecti velglcglggﬁgﬁégkqegwr%@nents of 2371 bp and 1694 bp, respectively).

Case @.B822Frépaanion df pBpG/diIP@1- 32 A pl asnmid DNA showi ng all the expected
fragnents in the garrect sizes | S rther, _check by s Lhg. A verified
bl agmd s PRAHA A Seigastewith BBgHISRG Eroed St hegksSf O LA Bt o 1 |

Pr epargighfeint Riprédaneh gfer ca%%eﬁéOPS%@HmQMEp%thQSW@@rMria'ibr@@la?ﬂ and EcoRl

and the'resulting 17 bp fragnment representing the cassette 0
SV40pmyitiedr - Epogene- SV40terminator is gel- purified. Plasnid p2-dhfr-CDS is

al so di gest ] fﬁmﬂ&b Qﬁb? H\Wit i I JHelinbafizzgoe!
purified ar#eﬁl”a{pg usi ngq%§'5‘5| C sépl n'igﬁﬁ*r#ngﬁaggéﬁﬁnonalgl lgéé{lh%dDNA S
dephosehior isl gall pdrifiesi argl ellted] using bpedgrhsptimseluond. Additidriabiyl the DPNAAsH con '
M cropyr nz r ver fragnents. .. . b -dhfr- vect or
and t r%iéepﬁ‘;}%’?%gg‘@gé’g@gta@‘@?% Eﬁé%’,hat%f%ea'ﬁ %}jﬁf 'ég W‘ﬁ%ﬁ'ﬁ?’g W@'ﬁ‘#’&&‘%’ﬁ? ont ech)
and t rems¥@sned into E.coli SURE. Transformants colonies grown on LB nmedi um
suppl enment itth 70 ng/| icilli e hybridjize Ln Epo gene
(PCR pr odudiop ieoméisotie P rarobR At vedat ancufe 745 b dascitl B8PS, ve
cl onesre ﬂg’tﬁe@(@%étm@%)’es& ORsitéch) aHg trafisfoRfiéd intd EQB SUHE)URaedsendiedl . A
cl one showi ng the expected fr a(r:ment S (Ncol: 4085 bp and 1760 bp) is sel ected
colonies grown on LB medium supplemented with 70 mg/l ampicillin are hybridized using
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/dhir-21-1).
Restriction analysis is performed using the following enzymes: BamHi, Hindlll,
EcoRl, Ncol, Notl, Pst, Spel, Sphi, 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 reampiified as
described in Example 1, section 4.2.

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



and desi gnated as pEpo/dhfr-21. For additional purification the DNA is
retransformed into E.coli SURE (see above) and plasm d DNA prepared using a
"M di Quse-3p2788BCKe (Q agen) froma culture inoculated by a singl?eh Hay ¢y
(pEpo/dhfr-21 -1). Restriction analysis is performed using the follow ng
enzynes: BanmH , Hndlll, EcoR, Ncol, Noll, Psi, Spel, Sphl, Pvuli, Narl.
Al the expected fragnments and sizes could be found, verifying the clone as
a correct pEpo/dhfr-21. 2.2 The finalggconstruction of pEpo/dhfr In the sane
way as for pEpo/neo the upstreamregion of the Epo gene in Epo/dhfr-21 is
changed at position -3 referred to the start ATG An additional nucleotide A
I's introdu

e result in the purine base G at positiaq 3 fr start ATG
The Epo ge%?q'f E'eP@%ﬁﬁip[PN‘%‘? ate ligate cﬁ@sﬁcﬁtﬂé’éﬁ’l(h@ KRyegs, %'EtFF@nB[ESQ"
PEpo/ iNA frérh tFHn%ﬁﬂn@n@"i@\ts!olht@H 9@@ beﬁhéa frdn &Bh;ea% LEPshediuth § eritb§ EPO
gene. The 5259 bp ment hen gel -purified. Case G 32273A/ BCK 2 5 MNAY
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found, verifying t cl one as a correct pé)o/dhfr Every single nucl eotide
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CHO c ¢lBRS2gaeectonpad ig aleoncoifpoveddry seqdepdipyp/ dhfr  1-5x104 cells per cnR are
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| i pofectin transfection is perforned. The two plasm ds are m xed at the
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the transfection cocktail for four hours in serumfree DVEM before the
DNA- ¢ &9 b Fipadesdena/ghir and allowed to adsorb to the lipofectin reagent (GIBCO/BRL)
according to the manufacturer's protocol.
In brief, we used 0.25 pg DNA/cm? and 1.5 ul 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 ceil-pools are first cultivated in
selection medium to confluence and then in amplification medium (4.8x10° M MTX) before
screening the cell culture supematants by ELISA for Epo production. Highest producers are -
detemmined, 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 pg pEpo/neo, 0.05 ug pEpo/dhtr
and 15 pl lipofectin (09/T25/1 and 09/725/2) per T25-flask and with 2 pg pEpo/neo, 0.4 lg
pEpo/dhir and 15 pi lipofectin (09/T25/3 and 09/T25/4) per T25-flask.
Additionally five plates are each transfected with 10 ug pEpo/neo, 0.2 jig pEpo/dhir
and 60 pl lipofectin per plate (09/96/1 - 09/96/5), five plates with 8 pug pEpo/neo, 1.6 pg
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'tests and chromosomal stablllty compared.

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 9.6x10° M to 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.

Celi 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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Example 4 - Further selection of a recombinant cell-line
Recombinant cell-pool 09/96/3D5 is used for further stabilization. MTX concentration
is increased stepwise to 0.38 pM MTX. At this amplification level recombinant 3D5 cells are
subcloned with 10 and 20 cells per well. Screening of culture supematants of wells with
single clones is performed by ELISA. Table 2 shows the subcitoning conditions and
efficiencies of recombinant cell-pool 3D5 in the presence of 0.38 uM 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 piates. -
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 pM.
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 pM 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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by ELISA. Table 2 shows the subcloning conditions and efficiencies of
reconbi nant cell-pool 3D5 in the presence of 0.38 pM MIX. 300 supernatants
of single clones are tested. C ones t4fat have el evated Epo titers four days
after passaging are selected with 0. pM MIX in 24 well plates. Seven of
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in serum f r@gnésiaet dltivated e M 138d42%8ges in serum-free adaptation medium before

cryopreservation. Six ampoules with 5x10° cells each are frozen of every cell-line in liquid
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 [y] - (¢ = In (X/X,) / days)
Specific productivity [qe] - (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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productivity [qp] - (QP = product-gen€ration x 106 / (cell counts x days))
Western bl ot |soelectric focussing DNA content and stability O one
stability Al six cell-lines could be grown in serumfree growth nedia and
are split twice a vveek Cryopreservation is also perforned wthout serum
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The super nat ants of the six cel | -lines are separated by SDS-PACGE and

conpar ed f RRSRAGRuRdRrSed RNGHONGCcul ar wei ght. The si x supernatants
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gl ycosgll ated proteins (data not_shown)
ifferences in the molecular weight. The six supematants indicate identical SDS pattems

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 celis

The DNA content is proportional to the numbers of chromosomes of cell-lines. The stability
of a recombinant cell-ine 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 cellHines 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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cells/mL. After a three day incubation period a final cell density of 9.35 x 10° cells/mL is
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 Examplés 4 and 5, clone CHO 6C2 is chosen due to its

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

Example 8 - Cuttivation of CHO cells in a bioreactor

The CHO cell line 6C2 is cultivated in Fed-Batch (T43C6C2) mode in a 150 L -
bioreactor. Using a cell culture medium consisting of amino acid-supplemented 50:50
DMEMHams F12 and containing 0.25% of a plant peptide, 0.1% lutrol, 1.54 uM
methotrexate (MTX), 4 @/L glucose, 2.5 g/l. NaHCO;, 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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Example 10 - Production of Erythropoietin in a bioreactor with enriched medium

The CHO cell line 6C2 is cultivated in Fed-Batch (Kamp 11 BS-1 and 2) mode ina 5
L bioreactor. Bioreactor 1 is operated as in Example 10 (Kamp 4 B5-2). In bioreactor2acell  _
culture medium is used consisting of an enriched amino acid supplemented 50:50
DMEMWHams F12 and containing a 0.325% of a plant peptide, 0.1% lutrol, 6.4 g/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 to0 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 supematant

containing Epo is harvested.
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carbohydrate and a plant derived peptone. On day 9 to 10 the supernatant containing
erythropoietin is harvested.

A medium not containing any components of animal origin is found to yield a
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) mode ina 10 L
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 NaHCO,, ethanolamine, ferric-citrate, vitamins, trace elements and sodium
selenite and 0.6 g/LL 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 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.
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separ ZtbFequse derBdEEftaNeass Odem P eitBigif) ordekne AIAMORthraughputsan10 or
Cuno  ARYRNOR? riltdtapsis)Hpdio Sfiltration (Sartobran P, Sartorius or Duropore 0.2,

Miliipore).To avoid high cell lysis and consequently high product contamination with HCPs

(host cell proteins) it is important first to harvest at an optimal time point (ca. 12 days in

main culture, oxygen consumption stagnant) and second to use a cell separation equipment
specially designed for separation of fragile eukaryotic cells e.g. CSC6 (6000 m? ECA, 15500

xg, ca. 200 L/h, Westfalia) with hydrohermetic feed intet 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 supematant 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 supematant is then loaded (10 — 15 mg rhEpo
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and 0,2y filtration {Sartobran P, Sartorius or Duropore 0.22p, Millipore) . In case of high
elution volume = dilute rhEpo elution pool (< 5 mg rhEpo/mi} 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 aiternative 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/HCH
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 protéins 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



The capture pool fromthe previous step is typically further purified by

reci t cont am nati ng host cell roteins with 2.4 M
Preci RidsalapPiamoRe g P (s users

At this AS-concentration alnost no product is found in the precipi

| eaving a pure HCP free supernatant which has to be diluted before the
following RPC purification to < 240 nM (NH4)2SO4 in the RPC | oad. The
precipitation is perfornmed by adding .5 volunes of an amonium sul fate
-stock solution (4M (NH4)2SO4, 20nmM™Fris pH 7.5) to one volune of capture
pool , incubation for 30 mn at 10-15C and separation of the precipitate by
depth (Seitz Biol O or Cuno AOOMI8) and 0,2p filtration (Sartobran P,

Sar t ora) nsn onddbumexiiam eréssiPp(< 101 bar) grat i) sanitized with dighf cancgitrations of BiaOkbl une =

ot o8 LR B PR R etiorn I ad B e R Prwtends Kb g6 3R Mrmroni um

sul f atreEps per pi padkedredis. nore effective than hydrophobic i nteract I on
chr omat ogr

To reduce .t he amoni um sul hate co omt he r| or
preci pitat ?%qg@ttﬁﬁ RFfestep (he Produgtfontaipipg s P%a?ﬁﬁnﬁﬁﬁéﬁg?%? Ob% di | ut ed
as rre%tapaﬂféeﬁ#am of A6ssthh® OEaf M\e@nrhéSniurd gatfax@afnhistéoa.hlt.@ﬁﬁaglcahIdet ration step.
Preferably a 5 to 10 kDa cutoff nenbrane is used and a taraet anmoni um

s E | phﬂeéoﬂbﬁl?ﬂ: ahby astbseayent erlinerdiyionaiep AwealthEpo-suRRINRIANEbAMOhRY @M on  of

is 20
v Tr 1 O P £5 361 SRR ACKE P AN PHUHE! ol 710 fgithe Rec o8 oPRh P on’
?2 gpelssva theemaaaet 5 Ngfmlmcf 4 wranmg?gmpauy agalrlcby dlsflltrawrdlcogcentwoa |(ldl(-; Chei ¢
Sugar WIGAn 8o} gadistn MY RATRHEoSler B GIAhESEr §ik Coltn'tis
gl %/(r:]oageleateqdﬂibméedr/?ﬁbﬂﬁ?]r(ﬁ:d)wgﬁl?eod é:f%eg tllriiblﬁdmgﬂh 598% abe(tadmtmeqnel\lg ihr gm ﬁﬂ\n ie ;m\a/1 ed
\rMobust r@tpé'gjl'%orﬁ °§" ﬁﬁU‘éﬂ’ W&gaav!i@gﬁ' &?\é'ﬁﬂpﬁ%‘ e gqﬂﬁ%ﬁ '?Fg bs %/he

or ganicglisaby mmalﬁwm@ﬁs gAﬁBﬁacﬁmﬁ mnm Bit)s G fieCieindtive appixy0BLd.§ resin
whi ch can be Case G 3227 BCK -43 MAY 2006 a E)n@r un under nedi um pressure

(<10 Baf)pratiledhyvits érﬁoiqrﬂ%ﬁjow"t’ﬂomp%’dﬁﬂﬂ'@ﬁf" FapPHdW taimmgdiately rasbicer ef er r ed
bed heh@bbivést é&ﬁEm%loﬂl%ﬁieﬂ rﬁlag iﬁtﬁ%cetzf% et eﬁ%a 8 Ghit0Re fél%ggﬁq Re%2 g

rhEpo per m packed resin. p the product al ni ng
super rfafematogeehy. The frctigns gt errroximately therfigst ftﬂbfmfélm elgtionpeds anegwolachan 0. 24

M anmmyg g R HP-Fool Whigh FORhE! HBEEGe82Fhi® Boot contains the isoforms with the
favored higher degree of glycosylation. By this fractionation regime, des-O-glycosylated
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 stép 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 celi proteins. This time the

isoforms are separated according to the isoelectric point, i.e. according to the number of
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hi gh ﬁé!?}emsnance resin is used, Q Sepharose HP (Anersham Bi osci ences),
whi ch showsrhaxsAt [sekigh $@sidiohRethod capable of separating isoforms of different

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.
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ultra- %IHI’ Lon step using a 5 - 10 kDa UF nenbrane | eading in an about 10
fol d &8 3’? d UF-retentate with approx. 10 nmg erythropoietin per ni.
Case G 32273A/ BCK -45



2 5 MAY 2006 About 3-7 CV% of UF-retentate are directly | oaded onto a

Super dage P3ZFIAPBORN preequilibrated wth 20 mM Na- phosphate pH 7.0 7E%%\A
NaCl . After approx. 1 - 1.5 CV the product starts to elute from thel &8

and the elution peak is collected to give the SEC-pool. Nano-Filtration To
renove a potential virus load an additional dead-end virus-filtration step
is inplemented. This filtration is _performed with a special nembrane,
designed to renove particles as small as 15 nm such as the Planova 15N
(Asahi). Alternative dead-end nanofiltration units are PALL U tipor VF
Grade_DV20 or MIlipore Viresolve NFP cartridges or capsules. Especially

for shable necosbinand S4t0-¢els; dapsfestions withy Bpe/ne@ gnd Epefdbifr s al nost no ot her
tool of virus renmoval or inactivation. The sterile filtered SEC pool is
passed over a dead-end filter with a suitable nenbrane and the filtrate

r epr e¥@htmnsfestionsal bul k drug substance. Alternatively the nano- filtration
can be inserted between the UF-concentration and the size exclusion

chromat ography. Case G 32273A/ BCK -46- Table 1: reconbi nant CHO cel |l s:

transf ect i [ganseletion EPO/ nednaRibekdP cibhes % DI6XN0T MEMTXNS
transfectijonnunber of cl ones CB 9.6x10 M er T25[ pg/ 206¢cel | s/ d]

09/ T25/1 (|50: 1) 1360. 16 09/[Pe6F25 (50: 1) 107u/t®celsddR (5: 1) 4590. 14 09/ T25/ 4

(5: 1) 648&me transteqgiignmmmuber—of—cHones sel ect ed
clone per |SPAERJ6PIY 1 (43%%) 471 F5 09/ 94PF%( 50: 1) 46
2

09/T25/2 (50:1) 107 6
09/725/3 (5:1) 459 0.14
09/T25/4 (5:1) 648 0.9

96-well transfections

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 i
09/96/8 (5:1) 392
09/96/9 (5:1) 427
09/96/10 (5:1) 352
09/96/11 (75:1) 49
09/96/12 (75:1) 60 12A9




09/ 96/ 3 (50: 1) 505D5, 3H5 09/96/4 (50:1)52 09/96/5 (50:1)495D4, 5H4 09/ 96/6
(5: 1) @a&0GB2IBAMOK (5: 1) 5567E9 09/ 96/ 8 (5:1)392 09/96/9 (5:1)427 O%Iﬁ% 1%
(5:1)352 09/96/11 (75:1)49 09/96/12 (75:1)6012A9 2 5 MAY 2006 Case Y 7006
G 32273A/BCK -47 Anplification of different clones Op [pg/10cel |l s/ d]

cl one9. 6x10 M MIX1. 9x1 O 7 M MIrX3. 8x10" M MIX 09/96/1 F51111.417.1
0919613D58. 414. 411. 4 09/ 96/ 3H58. 214, %712. 9 09/96/5D44.93.83.6

0919615H14. 77. 16. 7 09/ 96/ 6C54. 23. 83. 6 09/ 96/ 7E95. 58. 88. 9 09/ 96/ 12A96 Tabl e
2: Subcloning conditions and plating efficiencies of cell-pool 3D5 with 0.38
pM MIX 2 5 NMAY 2006 Nunber of 96 well Nunmber of seeded % growi ng wel |l s%

si ngl Ampliticationptdifferanticlongs | 25 (no. 6-30)1013% 7% 5(no. 1-5)20249%%54% Case

G 32273ABCK

Qp [pg/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 a7 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

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

Number of 96 well

Number of seeded

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




-48 2 5 MAY 2006 Tabl e 3: Subcl oning

Subc| Gase gEB82273a%B@NMd 3D5/1 8E5 wth
Nunber of seeded % % pl at escel | s/ wel |
10 6.4% 85% 8 (no. 1-8) 3019%46% 3D5/
% grow ng well s% single clones plates
1-8) 829%14% Tabl e 4: Specific produg
reconbi nant CHO- cl ones 4C26C26D41584
nunber 2. 172. 672. 890. 712. 382. 16 [x 105

rFi'i»? 2l Eaclﬁla!;ly Hgagginbéo%gigoﬁseéég {)!rgﬁ;lg gf'f
with 1.54 pM MTX

;

conditions and plating efficiencies of
1.54 pM MIrX 3D5/1 H9 Nunber of 96 well

growi ng wel | ssingle clones 8 (2d.MM-1i)

18E5 Nunber of 96 well Nunber of seeded

cellstwell 8 (no. 9-16)415%6% 8 (no.

yity and growth properties of

615C3 | nocul ated cell

cells/m] 7.279.358.82.616.416. 15

40.420. 370, 430. 330. 35 Specific growt h
iciencies of Subclone 3D5/1H9 and 3D5/18E

3D5/1H9

Number of 96 well  Number of seeded % %

plates cells/well growing wells single clones

8 (no. 9-16) 10 6.4% 85%

8 (no. 1-8) 30 19% 46%

3D5/18E5

Number of 96 well Number of seeded

plates 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 prop

erties of recombinant CHO-clones

4C2 6C2 ¢6D4 15B4 7A6 15C3
inoculated cell number 217 267 289 071 238 2.16
x 10° cells/ml] |
Final cell number 727 935 88 2.61 641 6.15 -
[x 10° cells/ml]
Specific growth rate 0.4 042 037 043 0.33 0.35
u [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



Al'l publications nentioned in the above specification are herein

i ncor paseiGRd22RBA/BCEr ence.  Various nodifications and variations OfZRQ@ Y 2006
descri bed net hods and system of the invention wll be apparent to t é
skilled in the art without departing fromthe scope and spirit of the

i nvention. Al though the invention has been described in connection with
specific preferred enbodinents, it_g Qul d be understood that the invention
as clainmed should not be unduly Case 32273A/BCK -49 2 5 MAY 2006 limted
to such specific enbodi nents. |Indeed, various nodifications of the described

nodes for carrying out the invention which are apparent to those skilled in
ol eclimipd gp osusly Spesific empedingnte| dipdged yariovs gmadifigations, ok thendesrgibedope of
the f TRt p=Y] 2 bR : i ng and
puri f&?drﬁﬁ wrfecon%?' r?;mﬁ{t "ﬁeum%ﬁﬁ%%g% ée-latp;’;‘L 'F]éfﬁ%%og)@‘sﬂ??@?nﬁgfﬂggw??@glb? zr e

medi uer d figida qré indended tp be withincthergsope af therfpiawieg claimes.st eps of 1 (a)
removi 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 filtration
step, and (iii) centrifugation, to obtain a clarified culture nedium
supernatant; (b) adjusting the conductivity of the supernatant to 5 nS/cm or
| ess, and a pH of between about 7.0 and 8.0; (c) applying the supernatant
fromstep (b) to a columm conprising an ani on exchange chromat ographic

medi um washing the colum, eluting the rhEpo fromthe colum, and
collecting the peak fraction(s) that contain rhEpo; (d) subjecting the

conbi ned peak fractions fromstep (c) to a reverse phase chronatography
step using a resin that can be run under nedium pressure (< 10 bar) and is
resistant to high concentrations of NaCH, the rhEpo being eluted using a

| inear gradient of an organic solvent; (e) applying one or nore fractions
eluted in step (d) which contain rhEpo to a colum conprising ani on
exchange chromat ographi ¢ nedi 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
eluted in step (f) which contain rhEpo by one or nore size exclusiagn

chr omat ogr aphi ¢ steps using a gel filtration mediumto remove pot edtd MAY 2006
di mrers and hi gher aggregates; and collecting the eluate containing rhEpo. 2.
The nethod of claim1, wherein the centrifugation in step (a) is perforned
using a disc stack separator. 3. The method of claim 1l further conprising,
bet ween step (d) and step (e), the d4i ti onal step of: selecting one or
nore fractions eluted in step (d) which contain rhEpo based on degree of
sialylation of the rhEpo. 2 5 MAY 2006 51 4. The nethod of claim1 wherein
pri orClaimst ep (d), the peak fractions fromstep (c) are subjected to an
anmoni um sul fate precipitation step to precipitate contam nating host cel
proteins, the ammonium sul fate concentration of the supernatant then being
adj usfed tenaethra;bf@ceemvanngaand:pwﬁﬂnﬂ ecomiinant bumpn Eythropoietimhee)hod of

cl a1 M S ohRGL R A SGANSHOCAbIR s 6ien HRAfhrleamgLae Ul Tate. 6

s 'a 7. The
rret hod of (at)remmiﬂg et cells cehéareiamsintoentslaep debristrep the pell suliper medioed usi ng a

buffer h a sal t t. The met hod of
claim 1 mme éﬁp&%ﬁﬁ?@%&ﬁ%\?ﬁorﬁ#egq §BB (Q’é')js@%a l%ZS%f“S?%% the group
consi st n@ll@ﬁecﬁb;eh ﬂepmrﬂlﬂ'anonedtémr(nola depth figayjérestep,gdndodi) cedtrifugbtionyed hod of
claim1l, t.he Epo ept i step (d) is eluted enploying a

| i near gr%f"@rﬂaﬁqﬁeﬁﬁéﬂw ?ﬁ@ P@@ﬁ%a”& from about 10%to about100% 10.
The net hoed? afljustiry tma&on@m.m; B thb QupsrB@tahttoOMBARIM of IesS et d 1 of S
acetonitrijle and the r%i&p()l ypeptide is eluted enploying a gradient of from

about 259%0%tWeghabrutsHdg The nmethod of claim 1, wherein prior to step (e)
the f r act c‘P agpiﬁhglm@sudp'errﬁtm ffo st@be) tdid dthgfin %ﬁmbnﬁﬁ\g a@ahi@ﬁrekaiaengequeous

buf fer. f claiml wherein prior to step (e) the diluted
fracti onsC'Hia'@aIOQfQPWCdPeQHm &’ﬁﬁ?'ﬁ%ﬁh%ﬁf&“'ﬁﬁiﬁ%t"gdf‘e fhERO fé%ﬁ“%?‘é‘ﬁi‘"e@"dt o]

i nact i vat gty the PRARFLARIMS thardontBitErmEebhod of claim 1, wherein in step
(g), the fractions are subjected to an ultra- filtration step prior to the

si ze excl (@ pubiedingdhacoybiapt peak Epctions 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.

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.



14. The method of claim1l1l or claim4, wherein in step (d) the fractions are
subjected to an ultrafiltration step prior to reverse phase chromat Oﬂ‘@)ﬂ%
2 5 MAY 2006 52 15. The method of claim4, wherein the conbi ned pea b
fractions fromstep (c) are subjected to an ultrafiltration step prior to

t he ammoni um sul fate precipitation step. 16. The nmethod of claim 1 which
further conprises a dead-end nano-fil Tati on step to renove viruses before
or after step (g). 17. The nmethod of claiml, wherein in step (a) any of the
procedures (i), (ii) or (iii) is followed by a 0.2 mfiltration step. 18.
The nethod of claim1 or 3, wherein one or nore of the selection procedure
in step (f) or between step (d) and step (e) is perfornmed by using
capil4ary ?@;ﬁe%e% CRRAANVARrSIn phidr Ld%t@?t&)oﬂefdéék rﬁ%@fmrﬂdm S@ch)%' fying
reconbi nant hunman erythropoi etin froma cell culture di um
conprsubigsiechiosn arempaiumgiliete precintefiondien losrscipitate §9@tpmutﬁtmg (hayt gedimovi ng
host medi um
by per Py MLl mEANSls dirEBhRaor MR pirermd A helF oy bafteh 0 B,

cent rédnggelration cofmpetidemdhisiera(diept h filtration step, (ii) a depth filtration
step, and (iii) centrifugation, wherein the centrifugation is perforned
using a disc stack separator, to obtain a clarified culture nedium
superﬁlat anThe b)hod djf akainn Agviidnein caitldionicentradtipn is lesh thamp24 Megarambnivor 5 n5/ cm or
| ess, a pH of between about 7.0 and 8.0; (c) applying the supernatant
from§l{ "(b) to a colum conprising QHyperD F (Bi oSepra) ani on exchange
chromat ographi ¢ nedia, washing the colum, eluting the rhEpo fromthe

I I t t 1 hat [ hEpo; (d
LR, ol FBi e b PO S OB T L

chromat ogr aphy step using a polystyrene resi n that can be run under nmedi um
pressure (< 10 bar) and is resistant to hig concentrgtlons of NaCOH, such as

Sourcé  30REOMERed of Rl BivdwEeiB feg glition ﬁ@pr"hﬁﬁB (Bdp RETIMAdPING? Ejﬁeé | i near

or adi RingCd salf&dHcBRtrdtion! & grdfer theh 995 1M one or nore fractions eluted in
step (d) which contain rhEpo based on degree of sialylation of the rhEpo,

applying said fractions to a colum conpri si ng Q Seph HP (Anmersham

Bi oscg enceple RRiHAA o%!%f?ﬁ%ﬁe?&ﬁ%@&@%ﬁ% ent %&e} gwné&ed &8 el um, and

el uting the rhEpo usin near salt
group conS|st|ng of acetomtrsle ethanol and hexy ene 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 agueous 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.



2 5 MAY 2006 53 (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 size exclusion chromatography using Superdex 75 prep rf@§¥
(Amer sham Bi osci ences) to renove potential dinmers and hi gher aggredga ,2%5
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. B3 The nethod 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 cel
proteins, the amoni um sul fate concentrati on of the supernatant then being
adjusted to a concentration conpatible with step (d). 22. The method of

cl ai sl V“i‘ﬁ% ?e@oﬁ?}f@la@nﬁ%%ﬁef@ﬁi dn%iﬁé%ﬁﬁeékh?d&ti@n@ﬂ%&ﬂs?éﬂ%g&&“ sul fate.

23. The net alm 19 which further conprises a dead-en

nano- $ubjegted looan wirafitration steppver toithe smsndpiippefate pegcinitatien stgp(f). 24. The
met hod of claim 19 wherein the culture mediumis serumfree and the host
cells have been cultured using a discontinuous fed batch fernentation
proce$8. The method of claim 1 which further comprises a dead-end nano-filtration step to

remove viruses before or after step (g).

17.  The method of claim 1, wherein in step (a} any of the procedures (i), (ii) or (iif) is

followed by a 0.2 um filtration step.

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.

18. 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 celi culture medium
by performing a procedure selected from the group consisting of (i} centrifugation
followed by a depth filtration step, (ii) 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 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 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 sait 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 suifate concentration of the supernatant 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.



