2 6 MAY 2006 -1 Method for producing a reconbi nant aol voeotide Field of the
I nvention The present invention relates to nethods for producing hoﬁfﬁﬁﬁhbﬁﬁ
t hat express reconbi nant pol ypeptides, such as hunman erythropoieti

nmet hods for the production of such polypeptides. In particular, the

I nvention relates to a two-vector expression system conprising diverse

sel ection markers and nethods for using such a system Background to the
invention The regulation of erythropoiesis is acconplished mainly by one

gl ycoprotein hornong,. as di scovered in 1977.

At that time, isolat oHs s ws—hanper ed by the

rel ative paucity of starting naterlal that Is the urine of aplastic anem a
patients. Only subm crogram anounts of the purified hornone were avail able
for study. The first purification approaches were undertaken in the |ate
1970sFighi ¢fdhé éventien | mobi | i zed with agarose in affinity colums. Weat
germ and phyt ohemaggl utinin bound erythropoietin and a crude urinary
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bt weBT RN EElRh SEPRtchmanGts e Tele Tor i Ratersy | g bet ween Cys 7
and Cys 161 has been shown to be critical for biological activity.

Er yt hBagkaratindrioitise ineentidny gl ycosyl at ed; approximately 35 to 40%of its

nmol ecul ar _mass consists of carbohydrate. The amount of carbohydrate can
vary bet we‘Bna reguiatian of ewytiwopsiesis Isaccorplishedsnaiblydyoerglyaoprateiftl ect s not t he-
or opa oG &y BidndneeD] i B uBtolertis L £979) ety obie” s INACL B 2
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pr ovi gliangbldorgtydosy| atlon sites, and one seri ne (Ser 129) for O-1linked

gl ycosyl at Recgnbi nant human er i eti r hEpQ) has been expressed
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cel | smnibhited ¥ihiRfardsedN akfinity columns. Wheat germ and phytohemagglutinin bound
erythropoietin and a crude urinary preparation could be enriched by up to 100 times for

Epo.

By the early 1980s the DNA-sequence of human erythropoietin had been sequenced
and cloned. Erythropoietin is a single chain glycbprotein with a molecular weight of
approximately 30 to 34 kDa. It contains four cysteinyl residues that form two intrachain
disulfide bonds between Cys 7 and Cys 161 and between Cys 29 and Cys 33, respectively.
The disulfide bridge between Cys 7 and Cys 161 has been shown to be critical for biological -
activity. Erythropoietin is heavily glycosylated; approximately 35 to 40% of its molecular
mass consists of carbohydrate. The amount of carbohydrate can vary between
preparations of urine, so this heterogeneity reflects not the state immediately after secretion
by the kidney, but the Epo molecule after preparation from urine; it is affected by the
method of preparation used. The oligosaccharide structure of the circulating plasma form or
forms of erythropoietin has not been determined since these forms have not been isolated.
Erythropoietin has three asparagines (Asn 38, Asn 24 and Asn 83) providing N-
glycosylation sites, and one serine (Ser 128) for O-linked glycosylation.

Recombinant human erythropoietin (rhEpo) has been expressed in a number of
mammalian systems including Chinese hamster ovary (CHO) cells, baby hamster kidney



2 6 MAY 2006 -2 (BHK) cells and HelLa cells. The glycosylation pattern of
rhEpo expressed in these different cell types varies. (reviewed in T p?pqmﬁ
and Kobata, 1991, dycobiology 1(4): 337-346). Commerci al productlon 0
rhEpo requires high level expression of protein that has high in vivo
activity. One technique for increasi the l'evel s of expression is to
transfect a vector containing the difhydrofol ate reductase (dhfr) gene in
addition to the human Epo gene into dhfr deficient CHO cells (Lee et al.
1999 (J. Biotech 69: 85-93). Addition of nethotrexate (MIX) to the culture
medi ufBHgxealis and IHWGIM i EElae igtysosytationepadtatn ofghRpo axpressesbinttihesd differedt Epo
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pol ypEptigdse. Accordingly, in a first aspect the present invention provides a
met hod for producing a transformed eukaryotic host cell which expresses a
reconbi nant pol ypeptide of interest which nmethod conprises introducing into
a euksumedarg chibetinestibn (a) a first pol ynucl eotide vector whi ch conpri ses

(1) afir nucl eot.i de .se whi ch encogde r econbi_nant tlde of
it erest . IRAPERT IRBS MRS ShmAveddagen cEpioRtions ngopaudes e
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VeCt OfirdXs Bxpreddich oﬁé‘?éc%%%t BHﬁb@&Hed&:&%MEBS ihghe h@ﬁ'c@ﬁ%é"décfbra third
nucl eoti de sequence whi ch encodes a different selectable marker: the first

pol ynerNtaipinodegensecthat is amplitied Bhespensgrio @ seiadtiee agé%'it(élﬁcrb%ﬁ AHfn)i ﬁﬂdetbﬁ ated into
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second pol ynucl eoti vectors are
vectors being otherwise essentiaily identical, allows the generation and selaction of host

cells having desirable properties with respect to expression of the recombinant polypeptide.
Accordingly, in a first aspect the present invention provides a method fo_r produgcing a
transformed eukaryotic host cell which expresses a recombinant polypeptide of interest
which method comprises introducing into a eukaryotic host cell:
(a) a first polynucleotide vector which comprises (i) a first nucleotide sequence which
encodes a recombinant polypeptide of interest; and (i) a second nucleotide
sequence encoding a selectable marker, which second nucleotide sequence is
amplified when the host cell is contacted with a selection agent, and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynucleotide vector except that the second nucleotide sequence is
repiaced 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.
Advantageocusly and preferably, the first and second polynucleotide vectors are
simultaneously introduced into the host cell. In the altemative, the first and the second

polynucleotide vectors are introduced into the host cell successively.



si mul t aneously introduced into the host cell. In the alternative, the first
and the second polynucleotide vectors are introduced into the host;&g@g m%

successively. 2 6 MAY 2006 -3 Preferably the host cell is a nmanmali

nore preferably a Chinese hanmster ovary (CHO cell. The sel ection agent can
be any conpound or conposition which is capable of causing anplification of
t he second nucl eoti de sequence when t%e host cell is contacted with such

sel ection agent. Preferably the second nucl eoti de sequence encodes a
di hydr of ol ate reductase pol ypeptide and the selection agent is nethotrexate.

Pr ef er abl y Préferablyeberidisnéditis aaharmeatianicel) nord peferably iasCHhineahaimytehr opoi eti n.
Typi cal l vy, hgﬁ tPi rd nucl eoti de sequence encodes resistance to an
ant i bP¥? (fc Chlas G 418 or neonycin (i.e. the third nucl eoti de sequence

encodes neqﬁ&%bﬁcti&h%%ﬁ%ﬁn?r@ﬁ?bun&%r&Bdw;boslhﬁ)nméﬂ RjaphBlgldiose skill ed

in the art, different antibiotiCs of the neonycin group may al so be used.
In a Spesing arpifissden akihe secard preleetide seqyents Whenpthgnosteelks gepiasteds or
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sequence. whi s ..h r roposetin. and (ii) a second nucl eotide
sequeﬁ%@"ﬁﬂ%ﬁ@Pﬂ@agﬁﬂﬁfgEﬂggﬁggéx%gﬁU§§@§%¥ﬁ%ﬂd (b) a second pol ynucl eoti de
vef:t or havn'y;gcsuysmtthm hyclémmmegwbmﬁbdeamﬂumomn ai'ﬁibtol’iea $uchsds

pol ynycl eoti de vector except that. the nucl eotide sequence encoding

i hyd ot G o eoraLe. 8o (G Rusaktids SRAURCE APREs ROGTERE | e sequence vhi ch
encodgRosphbirandfeReb), CAS Wil ePdsapdrftis Hbst Skine@ inthb @k, B¥rafet anfilsislictgnce to
G 418, neonycin or a different antibiotic of the neomycin group; the first

pol yntheIeemygs Jeer g1ayAlep BeE##fl pol ynucl eotide vector being integrated into
the presert ) ShromiRlodkieny L QR MEnorEbroPites B M o € Cence.
t he steestermascoukaniatie hostrrlivhicthexpresrestiimen enthapsistinadichemeathode ar e
Va0 SfpiseRitredulind o PEHONATEEL, 7P 1C 1Ty ce nucl cot i de sequences i s
i ndependen(g) ¢ ficg polyblceblideceattarovhicictoraprises ¢ihg fipst onolectide gaquieacamhicht o t he
SVA0 ear| yen;:odes human erythropoietin, and (i) a second nucleotide sequence encoding
dihydrofolate reductase; and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynucleotide vector except that the nucleotide sequence encoding
dihydrofolate reductase is replaced with a third nucleotide sequence which encodes
an aminoglycoside phosphotransferase which confers resistance to G-418,neomycin
or a different antibiotic of the neomycin group;
the first polynucleotide vector and second polynucleotide vector being integrated into
the genome of the host cell.
Preferably, for all the methods according to the present invention, as disclosed
herein, the first nucleotide sequence, the second nucleotide sequence and the third
nucleotide sequence are operably linked to a strong promoter, typically a viral promoter
such as an SV40 early promoter. Preferably, each of the three nucleotide sequences is
independently operabie linked to such a strong promoter, preferably to the SV40 early
promoter, However, the use of respective polycistronic expression units will also be
possible.
Likewise preferably, for all the methods according to the present invention, as
disclosed herein, the first nucleotide sequence, the second nuclectide sequence and the

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



pronoter. However, the use of respective polycistronic expression units wll
al so be possible. Likew se preferably, for all the methods accordi rjcf May tige
present invention, as disclosed herein, the first nucleotide sequence, the
second nucl eoti de sequence and the third nucl eotide sequence are operably
linked to further control elenents, like a transcription 2 6 MAY 2006 -4
term nation control sequence. In a pT@ferred enbodi nent thereof, such a
control element is a sequence encoding a SV40 |arge T pol yadenyl ati on
signal. Preferably, such Sv40 large T polyadenylation signal sequence
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sel ectab mar ker. Preferably the reconbi nant pol ypeptide of interest
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replaced with a third nucleotide sequence which encodes a different selectable

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

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

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

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

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



(a) a polynucl eotide sequence which encodes a di hydrofol ate reduct ase

pol ypeptide and erythropoietin, and (b) a pol ynucl eoti de sequence, which is
di stinct fromthe pol ynucl eotide sequence of (a) and which encodes 7 6 MAY 200
erythropoietin and a pol ypepti de which confers resistance to an antibiotic.
Preferably the host cell is a CHO cell. Preferably the antibiotic is G 418,
neonycin or a different (but sinilag% anti biotic of the neonycin group. In
a fourth aspect, the present inventioch provides a nethod for producing a
reconmbi nant pol ypepti de of interest which nethod conprises culturing a host
cell according 2 6 MAY 2006 -5 to the second or third aspects of the
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reduct ase pol i;pept I de and the selection agent is nethotrexate.

pr ef eFRGD tife sequense encederor Aitdrofdiatppedidtans relynontide ard thQs hurran Epo.
Prefe pol ypeptide is secreted into the culture nmedi um
Typi c% PJ;tYonz—?%% se'ﬁ&ﬁg r&%?%er conprises recovering the expressed reconbi nant
pol ypepti dina pfefemmdaembodlfneotntmmaeoombinarnépmiwﬁpﬁda oAinterestds hurlay, Epar.
romtho t PLAIERBSRER msbipBranfemanas trathERte P8 GBlsT e herein o
corrposrymi:ally mermelhsd mmrgdryaompyféﬁ @dovdmgqmemessdﬂummﬁnamtmmﬂaé n
roduch %s g‘r%t ? qEhef urth aspect, of the ‘thon. In a fifth
aspecf! N tﬁ'?oé% oY tHK?e’H? iym- fHismatively soraddiioorly, b HWEB?fp EIPRYMDINGR 4 i r st
pol ynysly@éﬁﬁdde:awme Hitb¢éred HERT theafantiormad hbsideligiuc! eot i de sequence whi ch
encodes r econmbi nant _pol ypeptide of interest, and (ii) a second nucleotide

sequence eM@fﬁﬂVﬁb therg ds 6%“%0539136 haaina compasitien curriiRing-glsasylatast sequence i s
anpl i Féc%ﬂ'ab%%i‘hﬁﬂﬁn QﬂﬁﬁrOPSi'ehn bﬁ;daeaa tsftﬁéimmhw o?‘tr%el’oﬁﬁﬁ aBfed8f fHe capabl e of

causing anplification t he nucl eot1 de sequence when t host cell is
cont agwedtiaRi t h such sel ection agent, and (b) a second pol ynucl eoti de vect or

vector oxcm Th e ek e R Py AR R podon' ekl " Th s third
nucl eot i de{asadinstmolynuplectidecvasterovhich corprisee i) a fiest euciablide sequence which
encodes a recombinant polypeptide of interest, and (ii) a second nucleotide
sequence encoding a selectable marker, which second nuclectide sequence is
amplified when the host cell is contacted with a selection agent capable of causing
ampiification of the nucleotide sequence when the host cell is contacted with such
selection agent, and
(b) a second polynucleotide vector having essentially the same nucleotide sequence
as the first polynuclectide vector except that the second nucleotide sequence is
replaced with a third nucleotide sequence which encodes a different selectable
marker.
Preferably the recombinant polypeptide of interest is human erythropoietin. Preferably the
second nucleotide sequence encodes dihydrofolate reductase. Preferably the third
nucleotide sequence encodes neomycin phosphotransferase.
The present invention also provides the use of said composition in a method of
producing a eukaryotic host cell which expresses the recombinant polypeptide of interest.
In the context of the present invention, the preferred or particuiar embodiments as
described herein are capable of being combined with each other, thereby resuiting in further

preferred embodiments thereof.

Detailed description of the invention




mar ker. Preferably the reconbi nant pol ypeptide of interest is hunan
erythropoietin. Preferably the second nucl eotide sequence encodes éYZ%ﬁ
di hydrofol ate reductase. Preferably the third nucleotide sequence enco
neonyci n phosphotransferase. The present invention also provides the use of
said conmposition in a method of producing a eukaryotic host cell which
expresses the reconbi nant pol ypeptidé&-of interest. In the context of the
present invention, the preferred or particul ar enbodi nents as descri bed
herein are capabl e of being conbined with each other, thereby resulting in
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cell hnes such as CHO, BHK, COS and HeLa cells

Expression, as referred to herein, is the production of a polypeptide product from a
nucleic acid coding sequence, typically by transcription/transiation of the sequence. Expressed
polypeptides may be secreted from the host cell or may accumulate therein; preferably,
expression according to the present invention includes secretion of the polypeptides from the
cells. Expression levels may vary, but are advantageously high; about 1%, preferably 10%, 25%
or 50% or even more of the total protein produced by the cell may be the expressed polypeptide
of interest.

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



or 50% or even nore of the total protein produced by the cell nay be t he
expressed pol ypeptide of interest. A "reconbi nant pol ypeptide" 28@%@%%5
pol ypeptide which it is desired to produce by reconbi nant nuclelc a
technol ogy. As used herein, the terns "pol ypeptide" and "peptide" refer to
a polynmer in which the nononers are am no acids and are joi ned together
through peptide or disulfide bonds.-7Pol ypeptide refers to either a
fuII-Iength natural ly-occurring amno acid chain or a "fragnent thereof" or
"peptide", such as a selected region of the polypeptide that is of
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whose expression is desired, especially in large quantities.

A "polynucleotide vector® is a nucleic acid vector which may be used to deliver a
nucleic acid coding sequence to the genome of a cell, such that it will integrate therein.
integration into the host cell genot-ne leads to stable transformation {as opposed to transient
transformation commonly associated with episomal vector maintenance) of the host cell and
may be referred to as “stable integration”. Polynucieotide vectors, which are described in
more detail below, may be plasmids, infectious agents (viruses, virus-like particles, viral
nucleic acid), cosmids, phagemids, transposons, packaged DNA or any other form of
nucleic acid which is suitable for delivery to celis. Typically, plasmids are employed due to
their ease of use, familiarity in the art and freedom from regulatory constraints required for
infectious agents such as viruses. ‘Integration”, or “stable integration”, refers to the
integration of at least part of the nucleic acid sequences of the vector into the genome of
the host cell or its maintenance in an artificial chromosomal body; at least the first and
second/third nucleotide sequences are preferably integrated into the host cell genome.
Advantageously, the entire sequence of the vector is integrated into the host cell genome.
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[MSX]. Such systems are amplifiable as such in that the nucleic acid is itself amplified in

response to selection pressure applied by cognate agents.

Systems which are not usually regarded as amplifiable as such include, for example
antibiotic resistance genes, which encode gene products which confer resistance to
antibiofics such as ampicillin or G-418/neomyecin.

The veciors according to the invention possess sequences which are similar apart from
the selectable markers. The first selectable marker is an amplifiable gene; the second need not
be amplifiable. As used herein, “essentially the same® means that the sequences of the vectors,
with the exception of the selectable marker sequences, are identical or nearly so. In practice,
the two vectors are typically based on the same starting vector, in which the selectable marker
gene is repiaced. Thus, the remaining sequences will be identical, save for any spontaneous
changes which may occur. Advantageously, the sequences, excepting the marker genes
including their respective control regions, are more than 85% identical; advantageously, 90%
identicai; and preferabiy at least 95%, 98%, 99% or even completely identical.
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cell. Accordingly, this first expression cassette conprises the actual
codi MgariuA reQliaiprt $rauence “operably linked” to a coding sequence is ligated in such a

way that expression of the coding sequence is achieved under conditions compatible with
the control sequences.

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

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



PO operably linked to a control sequence that is capable of providing for
the expression of the coding sequence by the host cell. The term " opeMaPhe
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encodi ng the PO include pronoters/enhancers and ot her expression

regul ati onsgicanRd Foplitdtin'tiiveetors BleoAldribhty tine ik €[ BbH) ahE. Soli gaﬁm: control
sequences nmay be_sel ect ed be conpatiblé with the host cel for which the

I to
expr eB@rkas apg @nde. ool ofgig;aj meriicativmare advantageousipincludad. Thesasanrbe i s wel | -
known . i.0: EP&RH m ' bbteRR ' ' iZze and
conpl gl;(tlﬁ{ntfﬁﬁogﬁmﬁ. ?n&ﬂ?lfsraafﬂp'r ormte%r S toﬂb?})%%?@e S | gﬁ?&?%gﬁuggts@é% | enent s
and epH&nger pUCTRewhich contain bath 5y pdlt edpligation| arigineand E otnlijgenatic myaskarhi ch are

functional. i ' . S. er is typically derived from

pr orm%%'ﬁg'!ggéB%%%g}s?@éokaé\hhpgq%%ﬁsugﬁggra%:iw@ﬂ' genes. For exanple, it may be a
{)f r orrlot er dimayedsd b@agwrﬂammrfeﬁ mbbpmometlel's ﬁorbaﬂndod;}ibleenpln&tsse; ltEVel§dc_>ft 0 occr:]gr 3
iral _pronoter advant ageous e .used since the nera rect hig
evol RPETAL DR P o Do Raa ek g e ae e SoX, AGLHS means tétn
act i Ve |évelgoEapredsier sthined RiSinlyth® pRIMATYF ¢ditbd RIgRIBA Virus | ong term nal
repeat (MMLV LTR) pronoter, the Rous sarcoma Virus éd%;%% I_f'I;ERURrormter or

the human Ehe oRt FRRMaNGEs Magnp Mpeifipd.Jrpexample by thinac % nce the
repl i Gatdchptidta ié%%lal%@ dlem&MREBPERIHPI¥ cARBScdr Refueriebi to ridkelined&ld ppienet i c

!
mar ker and an E. "coli "origin of replication are advantageously 1 ncluded.
Thes etranggriplion dmctadiagthercontrel sequpnces mere rgsponsiveHtodrang@irtional Bl uescri pt (r)

vect 0foQliafdrd %irﬂbﬁéﬁ?&qﬁt&ggﬁy AEbe 1585 cgrbjgﬂisiﬁ% 8%&&4&9%%&&9 1R llilroEt oCOl i

replicafion origin a geneti ¢ nar errrng resistance
ant i bdronoregdiffereotpramotarpidessritied aboverray al so be advant ageous for the

DLt S, B AR bt 4 Dok Bei % pafBRE RN HE, 7O o
| evel sequknex pf mgsarmBpolix giVerejuh GeﬂmB@KA&EepsionMoeM t819%k H@g_nrbatinday The
cont 8RB ol P4l R e T oyt Rl e
t he |gieslforcfarbdhyarste attathmentdsuaticdseihsh§0olEDS, [Pen1 25| S t2REPS gFhrm2siEpo
" eSPODS! 8o tsh, ThAREEALL 80&ibed in US Patent No, 5,856,298,
The first vector also comprises a second nucleotide sequence which is essentially an
expression cassette which when integrated into the host cell genome is amplified when the
host cell is contacted with a selection agent that causes ampilification of the nucleotide
sequence. Eukaryotic cells, in particular mammalian cells are capable of amplifying certain
genes in response to a selective ;Sressure, typically an enzyme inhibitor, resulting in an
increase in the numbers of copies of that gene, which in turn increases levels of expression
of the gene. The additional gene copies may be maintained intrachromosomally, orin the
form of extrachromosomal genetic material such as minute chromosomes (for review see
Genes VI, Lewin, 1997, Oxford University Press, Oxford U.K., pp975-978). A well-
characterized example is the dihydrofolate reductase gene which is amplified in response to
methotrexate (MTX). Other examples include CAD gene (encodes a protein which is
invoived in the first three steps of UMP synthesis) which is amplified in response to
inhibitors of trans-carbamylase, and glutamine synthetase (see WO87/04462) which is
amplified in response to methionine sulphoximine.
This second expression cassette, as in the case of the first expression cassette
comprises the actually coding sequence of the gene that is capable of being amplified



nodul ators. Chineric pronoters may al so be used conprising sequence el enents
fromtwo or nore different pronoters described above. In preferred
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seqguence of human Epo is given in GenBank Accession No. M 11319.1 However,
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However, it is not necessary for the regions of the vectors outside of the
second/third nucleotide sequences to be 100% identical since a small degree of difference
may be permitted. For example, the sequence of the two vectors other than the
second/third nucleotide sequences should typically be at least 95%, 98% or 99% identical.

It is nonetheless convenient to use vectors that are identical outside of the
second/third nucleotide sequences because in practice, the same vector is used as the
basis of cloning the first and second vector. For example, a vector lacking a second and
third nucleotide sequence but containing a suitabie cioning site may be used to generate a
cloning vector into which a second or third nucleotide sequence of choice may be inserted.

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

The first and second polynucieotide vectors may be introduced into a suitable host
cells using any suitable technique. For example, uptake of nucleic acids by mammalian cells
is enhanced by several known transfection techniques for example electroporation or those
including the use of transfection agents. Example of these agents include cationic agents



neonyci n phosphotransferase. Qher antibiotic resistance genes include
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sequence encoding a sel ectabl e marker serves as a narker for primary
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(1988), Raji cells (ATCC CCL 886), WiDr colon adenocarcinoma cells (ATCC CCL 218),
SW620 colon adenocarcinoma celis (ATCC CCL 227), Jurkat celis (ATCC TIB 152),
Namalwa cells (ATCC CRL. 1432), HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL
213), RPMI 8226 cells (ATCC CCL 155), U-837 cells (ATCC CRL 1593), Bowes Melanoma
cells (ATCC CRL 9607), WI-38VA13 subline 2R4 cells {ATCC CLL 75.1), and MOLT-4 cells
(ATCC CRL 1582), as well as heterohybridoma cells produced by fusion of human cells and
cells of another species. Secondary human fibroblast strains, such as W1-38 (ATCC CCL
75) and MRC-5 (ATCC CCL 171) may be used.

Transfections may conveniently be performed in microtitre plates, but other culture
vessels may be used. Foliowing transfection, cells are typically cultured in selection
medium (i.e. medium that selects for cells that express the seiectable marker) to confiuence
and then in amplification medium containing a selection agent that causes amplification of
the second nucleotide sequence, such as MTX. Typically, in the case of MTX, the agentis
present in a concentration of about 48 nM (4.8x10™ M).

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

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



I nclude CHO, BHK, COS and HelLa cells. Particular preferred cells are CHO
cells. In a preferred enbodinent, the host cells are initially deficient
for the gene present in the second nucl eot i de sequence (e.g. dhfr).7 048 7008
cells deficient in dhfr are described by Ul aub and Chasin, 1980, PNAS 77:
4216- 4220 and are available fromthe ATCC as deposit ATCC CRL-9096. They
have been deposited under the Budapest Treaty under deposit designation no.
ATCC PTA-3672 at the American Type €lPture Collection (ATCC), Rockville,
Md. 20852, USA, on August 29, 2001. Exanples of immortalized human cel

| i nes which may be used with the DNA constructs and nethods of the present

| nvenigh@dr irhmbhdRiorédtehss eThdHighastprodicets afeltesh sdlectld Kiked @Rl the réAeC CCL
121), HelLa cells and derivatives of HeLa cells (ATCC ‘CCL 2, 2.1 and 2. 2),
NOF- 7 obthesss¥e@iancer cel |'s (ATOC BTH 22), K-562 |eukemia cells (ATOC OCL

243), KB c cells (Van
der Blick, ?JWQH@SSI@H&@E%r%nﬁﬂghﬁéﬁggﬁ&ﬁﬁgg@ﬂ&% cells (ATCC
CCL 8©)Qp9W€Br chromosomeksiahility clenombingst proteimmogduciBity 3m8)‘ecor®)mm protietm

adeno% %’: noma cells (ATCC CCL 227), Jurkat cells (ATCC TIB 152), Namalwa
cells ?{ CRL 1432), HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL
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cells are typically cultured in selection™ nedium (i.e. mediumthat sel ect s

for ceprest hericel ppordadranpiectien and s@ipetiatar ker) to confl uence and then in

anplificat i cation
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t hei r peiaved)@s is the case for Epo).

The method of the invention preferably further comprises one or more sub-cloning
steps where selected clones are subjected to increasing concentrations of the selection
agent which causes amplification of the second nucleotide sequence. In the case of dhfr
and MTX, typically initial cloning steps use 10® M concentrations of MTX, increasing up to
10°° M concentrations. .

Thus, in a further sub-cloning step, cell clones are test cultured in the presence of a
range of concentrations of the selection agent {e.g. MTX) and the recombinant protein titre
determined. Sub-cloning is then preferably conducted at or above a concentration of the
agent where the cell clones do not show a significant increase in protein production
compared with lower concentrations. In the case of Epo and CHO cells, this is about 380
nM (3.8x107 M). In a preferred embodiment, the cells are cultured at progressively higher
concentrations of agent up to the highest desired concentration.

Sub-clones may then be further tested to determine their properties as described
above. Optionally, further sub-cloning steps, typically with increased concentrations of
selection agent {(such as MTX), may be performed. In the Examples, a sub-cloning step is
performed in the presence of 1.54 uM (1.54x1 0° M) MTX. In other cases the MTX
concentration may be increased as high as or even higher than 10 uM (1x1 0" M).



properties, chronosomal stability, reconbinant protein productivity and
reconbi nant protein activity. Chronosonal stability can be deterniQ%q¥ﬁ@m%
exanpl e by | ooking at cell norphology and/or performng an analysiS o
content, such Coulter Counter nucleus DNA anal ysis. Generally, clones which
have | arger nuclei have a greater than diploid chronosone conpl enent. These
clones are likely to be |l ess stable-3hd are generally rejected. Preferred
cl ones are those which have a substantially identical nuclear DNA content to
the parent host cell prior to transfection and sel ecti on. Reconbi nant

protein pr eesreidoy, s¥ietRB Ho8t talS iof theveriton RNEH Mprésy Epo, Bikeles8Epeaitias

and/or culture supernatant where the protein is secreted (as is the case for
Epo) . "atesf praptertagn p@ HeoRagellsidnyat ag MEX gencentration elof. 76ttheM Cappr opri at e
sel ecyi g | I ' € hedRr at;l t only the
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of the second nucleotide sequence. In e case of, dhf and MrX, typically
ni ¢ e DAl HErbe 1Ba" SN stBe TR e 26reRRSLy PtvAIRG: ses U8 o
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test cultured in the presence of a rafr;ge of concentrations of the selection

agent "gEICNg SO canpcenimation lcze PMelteverahPassages Peste@blydhecalisiaredise ¢l oni ng

i s thgRafb@tehRWY a6 aRtbsdmshrAdultife. @bOve a concentration of the agent where
the cell clonés do not show a significant increase in protein production

conpar ed woelgcleg\host eelrlnentman bereigoprepevad inclipid piroggpusingisapdatke] | s, this
S ab%hni%ﬁ@s. nM (3.8x10"7 M. In a preferred enbodinent, the cells are
cultured at progressively higher concentrations of agent up to the highest
desired concentration. Sub-clones nmay then be further tested to determ ne

their ~pr OBgY; ihSrodindescri bed above. Optionally, further sub-cloning steps,
typi caﬁ'y—vw%hirnvrea'sed concentrations of selection agent (such as MIX),
may bogterells ohithe. invamtivh endpdanysedso capesb the meombinahtprotein opiatefrestpmuathi n t he
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2006 thkdrt. The culture conditions will be selected so as to achieve expression of the

polypeptide of interest from the first nucleotide sequence. According to the present

invention, it is preferred to use suspension culture methods or rolier bottle culture methods.

Culturing of host cells for the purpose of expressing the polypeptide of interest may be

performed in the presence or absence of the selection agent (i.e. MTX or the appropriate

equivalent). Preferably, host cells are cultured in serum-free medium.

The recombinant protein n"'say be recovered from the culture supematant or a pellet
of the cultured cells as appropriate (from the culture supernatant in the case of Epo
expression). The recombinant protein is then typically subjected to one or more purification
steps (see for example Broudy et al,, 1988, Archives of Biochemistry and Biophysics 265:

329-336; Ghanem et al,, 1994, Preparative Biochemistry 24(2): 127-142) such as affinity
chromatography and/or ion-exchange chromatography.

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

The biological activity of the purified protein can be determined in vitro and/or in vivo.

A suitable in vitro test is described in Hammerling et al., 1996, J Pharm Biomed Anal
14(11):1455-69, which involves testing for proliferative stimulation of an erythroid cell line.



Preferably, selected host cells of the invention which express Epo, express
Epo at a rate of greater than 10 pg/ 106 cells/day at an MIX concent%grmpr?ﬂﬂﬁ
of 7.7x10"7 Mor 1.54x108 M nore preferably greater than 20, 25 or

pg/ 106 cellstday. It is also preferred than host cells of the invention
have a substantially identical nuclear DNA content to the parent host cell
prior to transfection (e.g. a CHO difie.- cell). It my also be desirable to
adapt host cells of the present invention to serumfree nedia, typically
after the final sub-cloning step. This may be achieved by cultivating seeded

cel | s A suit:did Inwiiciesiis deserbeddn Ghahb® d)aNVIB4eupbrawhich velresim free nmedi um
or gradual ly reducing serumgoncentration to zero over several passages.

Pr ef er%ﬁ?"?"@'ﬂ@“’@e‘ﬂf’%’p W@°5P§0F°&H8;5?‘EB|°P%CGF&MPHW§§ aMiBisensi on cul ture.
Sel ect ed Nysh pigtbhad bABBRTRAL 1o BISBAI ARGISAGridys G Eulliréd BRRA) USI NG

st andard technlques C. Protein production I's of the invention may
be usd@tovidingagast eelt wich é@r@nﬁsmnqu@de|anmnqerwm¢tegmcod§aémﬁ as rhEpo.
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erfor in the presence or sence e selection a e. or e
gppr oﬁg‘aé’tné °ré‘3ﬂl'?§'<{§?r8ﬁﬁ)a"dﬁ°@ rgiAnA ( %hggqsq%ppgtagr%pycfuﬁf ”lggh in serumfree

medi UiolybBEtideds 8R (d) 20kurigth8 hBsaa i the! RRANEHEGIUM ilet BShdiftnsUhat
supernatant or a pellet of the cultured cells as appropriate (fromthe

cul turaé!"‘gu‘ﬂ'eﬂ’ﬁﬂa?sém“ qf,\hq rﬁsomwnbpoim@ﬂdemwgston) The reconbi nant protein
th t
I's then typigldny ﬁnﬁbb@&-ﬁﬁﬁaﬁtcboﬁ{b\‘/ég%e G i Hurd é(g’fhroﬁdu fﬁeeﬁoétgg_

exanpl e Broudy at” aL , Arc emstry d Bl op yS| CS :
329- 338 rr@stéaeewalneae hamstgg gvanpr{Eh&h) ael.vBudi tochninees arp deserbed indive 142) such

as af %béss%@f'%ttﬂﬂrd%eﬂ% gAfnd/ or ion-exchange chromatography. Preferably
in a co sition conprising a reconbi nant pol ypeptide, particularly Epo,

expr eﬂﬁhl’qmleanmwa purdigdfirammeell ¢iisre kye(a) rerhoing:hosteets, iceliylat he r econbi nant
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Nahi el n can er e in vitro
and/ onseparatar\wlowed by fﬂeﬂjh éltnamomstetpdotobtmn a sladfied culhee mediddanmedi ng et al .,

1995, ol GHRGE: SRR e s b5 oty EMEIHFS: b by
of between about 7.0 and 8.0; (c) applying the supernatant from step (b} to a column
comprising an anion exchange chromatographic medium, washing the column, eluting the
rhEpo from the column, and coliecting the peak fraction(s) that contain rhEpo; (d) subjecting
the combined peak fractions from step (¢) 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 sluted 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 eiuted in
step (&) which contain rhEpo based on degree of siaiylation 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 coliecting the eluate containing rhEpo.

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



2 6 MAY 2006 -15 A suitable in vivo test is described in Ghanem at alL, 1994,
supra, which involves determ ning the incorporation of 59Fe into reg bIood
cells of polycythemic mce. In a preferred enbodi nent, the present oM

enpl oys cells cultured by (a) providing a host cell mhlch conprises a

nucl eoti de sequence whi ch encodes the reconbi nant pol ypeptide of interest
and which directs expression of the- Acombi nant pol ypeptide of interest in
the host cell;(b) providing a serumfree culture medi umwhich conprises (I)
water, a plant-derived peptone, an osnolality regulator, a buffer, an energy

Sour CgxcHimigs @na:murd ilse@ irl stﬁp Qe)S@ pl‘eﬂ@raﬁly mfamudsus QI Sephatesy dighof iron,

non-f errous nef.a act or.s and (i)
does RSFQW Emg?'dlitfatpé'ri'@?q’i”md@le?Hbﬁtep ﬁﬁa?w;ﬂr@ﬁp?ﬂﬁl ng the host
cell gy é,lagxqglpt,ég ra@8ed um under conditions that al l ow for expression of

t he reconbl nant peptide of interest. Preferably the reconbi nant

pol ypept i d8ueh memqsfé@g@ describghim ther rempigssestiomof mw@qsymen cell may be a
Chi nese hanmster ovary (CHO cell. Such techniques are described in the
exanpl es section of this docunment. Erythropoietin may be purified fromcell
cul t uTee psesenl inventioniisdesarbed derthes witbeblerdree to therfotléwing exampled, whichi s from

the c separ at or

Fol 1 onisd =t En RRHYR R L baeTh B i hele? o E5REhe e rm uim
super ambadimen(sodf thel presennigvéstionconducti vity of the supernatant to 5 nfS/cm or
| ess, and a pH of between about 7.0 and 8.0; (c) applying the supernatant
fromstep (b) to a colunm conprising an ani on exchange chromat ogr aphic

medi um washing the columm, eluting the rhEpo fromthe colum, and

col lectip he peak fraction(s) that contain rhEpo; (d) subjecting the
conbi%@&k@fracti ons fromstep (c) to a reverse phase chromatography step
using a rpg@dridgi®at can be run under nmedi um pressure (< 10 bar) and is
resistant to high concentrations of NaOH, the rhEpo being eluted using a
linear graldeghoelldine an organic solvent; (e) applying one or nore fractions

| ut i

exohaanhBsghaRsehbval (6 Of Qi Bl ol RTSOERIL SO, B0  hEpo
usi nghavel baeeedepgaltqd WC&GT%BUdQﬁE)St §Eﬁ9étlﬂfidﬁg depesilaiesigmation ﬂ@tO%T@ﬁsFTél uted in
t f 1.h hE
step 5@2 é(i"ih&h{ﬂé‘?i@éﬁ‘l’ﬁpé bﬁﬁ&et@cﬁ@ ons ) oc?&lclfﬁ‘ i S%@édzopfﬁ hhe rhEpo;

and (g) subjec e Oor nore WAl'ch cont ai n
r hEpcAligusd 28, 2Q01m)re si ze exclusion chronmatographic steps using a gel

filtrati Ony qu‘d L,enove potential dinmers and higher aggregates; and
collectin ont ai ni ng r hEpo.
Cultivation medium: DMEM supplemented with L-Glutamine, 4mM, 10% FCS,
" HT (Hypoxanthine, Thymidine), 1x

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

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



Advant ageously, the anion exchange nmediumused in step (c) is the

ceram c-based ion exchange nmedium Q HyperD FTM, obtai nable from Bi oSepra.
The pol ystyrene resin wused in step (d) is advantageously Source SORFﬁIQQ ;
(Pharmacia), whilst the anion 2 6 MAY 2006 -16 exchange nedi um used g@
(e) is preferably Pharmacia Q Sepharose H gh PerformanceTm The gel
filtration nediumused in step (g) is preferably Pharnaci st Superdex 75
prep gradeTm Such nethods are descrlifbed in the exanpl es section of this
docunent. The present invention is described further with reference to the

foll owi ng exanples, which are illustrative only and non-limting. In
particular, the exanples rel aj#ide@; plsgfierred enbodi nents of the present
i nvention. EXAMPLES Materials Host cell |ine Chinese hanster ovary (CHO

di hydiSsnémndtee-freazing mediveref | ABSHEPVFPATGEROMIO065% They have been deposit ed
under Treaty und ' ' ' . 36,72 at
the aldreTHOBRREUINGS | (01 HyoiBane synfert 3bhe Enfifoiplic- 2 310°HKs o,
August 29, 2001. Cell cul t ur EeNesCitrateid 2.5x19¢% Myi.-AsctiriimAcRMEVDx L Me ment ed
with L-dutamne, 4mM 10% FCS,,. oxanilé ne, Thymi dine), 1x Selection
medi um DVEM suppl enmented w gﬁ”\?@ﬁ'&ﬁ%hg,&m di al yzed FCS, 10% and
18, 0.5 ng/m  Amplification nedium DVEM supplenmented with L-d utam ne,

4| gi al ééed SE‘CS! 10% (418, 0.5 ng/m, and MIX (nethotrexate), 4.8x10-8M

- 1.5 zing medi um DVMEM suppl enented with L-3 utam ne, 4nM
FCS, DMSO, 10% Serumfree adaptation nedium1:1 DVMEM Ham's F12,
suppl enented with: for reconbinant cell-lines: L-Ad utam ne, 6nV

Soya- Jbistriasmidrencodesting codipgrregione! Epp gnd thenheomycin weisistanse @ereds two1%
(418, d9fe$eWxH?essiw>éas§ett%§)9acﬂ'uﬁ%r control of SV40 early promoterfterminator
sequences. The construction details are provided in Example 1.
pEpo/dhfr
This plasmid encodes the coding region of Epo and dhir as two different expression
cassettes each under control of SV40 early promoter/terminator sequences. The
construction detaiis are provided in Example 2.

Methods in cell culture
Growth of CHO-dhfr

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

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

1-5x10* celis per cm® are seeded in 25cm® T-flask bottles or 96-well plates the day
before the lipofectin transfection is performed. The corresponding plasmids are mixed in the
appropriate ratio, added to the lipofectin reagent (GIBCO/BRL) according to the
manufacturer's protocol (0.5-1 pl/em?). Then the cells are overiaid with the transfection
cocktail for four to sixteen hours in serum-free DMEM, before the DNA-containing medium
is replaced with cultivation medium. After cultivation for 24 to 48 hours in the serum-
containing medium the cells are switched to selection medium. Transfected cell pools are
first cultivated in selection medium to confluence and then in amplification medium (4.8x10°®
M MTX) before screening the cell culture supernatants by ELISA for Epo production.
Highest producers are determined, the MTX concentration increased two-foid and best

producers used for further cultivation.
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Serum free production nmedium 1:1 DVEM Ham's F12, supplenmented with:

Soya- peptone/ UF, 0.25% Hybridoma Suppl enent, 1x, Lutrol, 0.1 % M?%r
1.54x104M ducose 1 g/l, 2 6 MAY 2006 -17 NaHCO3, 2.5gA Serumfree @ng
medi um PBS, PVP-10, 20% DWVMSO, 5% for reconbinant cell-lines: Hybridoma
Suppl enent, 100x Ethanol am ne - 2.5x10"3 M Ferric-Citrate - 2.5x10'2 M
L- Ascorbic Acid - 2. Ox 10"3 M Sodi8sn Sel enite - 5.0x104 M Pl asm d
constructs pEpo/neo This plasm d encodes the coding region of Epo and the
neomyci n resistance gene as two different expression cassettes each under
cont rR;lralgﬁcﬁ\ﬁQt ggl y pronoter/term nator sequences. The construction

detail's are provi d in Exanple 1. pEpo/dhfr This plasm d encodes the

codi I8 Agietacti ifidretitimatesest wo di ff erent expression cassettes each
under ntyol of SV40 early pronoter/term nator sequences. The construction
det aiM¥R89%®Sr ovi ded in Exanple 2. Methods in cell culture G owh of

cidAahystuni: edtiitant EpachiomyIded (RAD @H@Ga{ah £ hBlzagNgl al ., 1980,
PNASq:Jyi 7):4216- 4220t) (’refer'r to gs C%S arcgg cul tivat e?j i n DVEM

cul t N%ﬂq ahé’éﬁh.?ﬁ’VV\ﬁ“PHs%a'%thP? {Geppzyme; Fat. fo‘i%)Améb a week. Transfection
of Crﬁ[ §Algutsets 5x104 cell's per cn? are seeded in 25cnR2 T-flask bottles or
96- we plates the day before the lipofectin transfection is performed. The
cor r eqatingibaifep| ds4pdNakiGOd.2 gd NaaCOpeH Bfdpriate rati o, added to the

(0" 5 TeiRe RS SERER L. P oA MBS0k PR o P BB ERLMGE 1 5™ Cockra 1

for four gbysTwseesohours in serumfree DVEM before t he DNA- cont ai ni ng

medi | a cul tiyv ultivation for 24 to 48
hour st"PHmi' H%ﬁ ' MF’%’n@ h@ ﬁ@d’gﬂ%% EWRP "%F’\éf(';@'vm tched to selection -
nedi lsamﬁéwﬁérect ed ©49% dﬂﬂ@rﬁoﬁé-ﬁno-bly&ﬁrbl iﬁtduhudta&nﬁfbrl n selection mediumto

confl uence and then in anplification di um f:; 104
Staining buffer: 7.3 g/ Citric acld x 2H,0, 11.86 g/l NazH 04x2H20 pH 4.8-5.0
Staining solution: 100p1 OPD solution/10 ml staining buffer

5ul H05/10 ml staining buffer

OPD stock-solution:  PP: LO017

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/mi and eight two-
foid dilutions. One monoclonal antibody against the first 26 amino acids of Epo functions as
a coating layer, binding Epo. In the next step Epo is specifically bound by the catcher
antibody. Detection is arranged through a bictinylated Epo recognizing rabbit antiserum.
Visualization is performed by staining with OPD after streptavidin-peroxidase coupling to the
plate. |
Immunofiuorescence

Epo expressing CHO-cells are inoculated with 5x10* cells/200 pl on a cover slip in a
8-well plate and incubated for 24-72 hours. The adherent cells are washed twice with PBS
and fixed for 5 minutes with -20°C methanol, then air dried and afterwards again soaked in
PBS. Unspecific proteins are saturated by incubation with 20% FCS in PBS for 15 minutes
and then anti-Epo is incubated for one hour. The reaction is visualized with anti-mouse IgG
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
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M MIrX) before screening the cell culture supernatants by ELISA for Epo
production. Highest producers are determ ned, the M X concentrati 0R £ MAY 20

i ncreased two-fold and best producers used for further cultivation” 2 % M&E\/
2006 .18 Analytical nmethods ELI SA detecting EDO in different matrices

Anti bodi es pol ycl onal serum rabbit anti Epo biotinylated (R& Systens;

Cat al og # AB-286-NA) nmonocl onal anti1®ody: nmouse anti Epo (Genezyne; Cat.
code AE7A5) ELI SA buffers Coating buffer: 8.4 gA NaHCO3, 4.2 gA Na2CO3, pH
9.6-9.8 Washing buffer: 0.2 gA KC, 1.15 gA Na2HPO4 x 2H20, 0.2 gA KH2P&4, 8
9A Naghylter&okinter®MEdel 28 @ddﬂtaf ERcheHiéLine,) 2% PVP (Sigma Cat. No. PVP-40T) in
washi ng buffer Sanple butffer: 0.5% al pha nono-thio-glycerol in dilution

buf f ePogitetiGhangelyzerBModel 256gA Citric acid x 2H20, 11.86 gA Na2HPO4x2H2O, pH
4.8-5 I sol gid 0N [ bon/ 10 m staining buffer Spl
HZOZITgUtr’Tﬁst%ildr}\%Hg bgﬁ“géb’d@%%?@g Xif)qdju?l/gn PP: L0017 Method The ELI SA
met hoBleatelstedecton tiKERNOIBA4 8§/ ] Coultes Euro Blaigoostic@mbE) in particular with a

Tant ' oo- ToeEhutdh (APl Rl ARAdbs HAAATE aurilet el frelbublafagy B’ Ty 2
a[n' nO?Eraéie_dﬁichonﬂipaf?ti_vélﬂllmdt 'rraeﬂuagﬁst.) aB.?cﬂ'bédi b{ng?]dmmefhr?l_kgmbmui{am?im the next
step Q IS, speciTlCa Y. PO e catcner an oday. ection Is

or TP tles RleRlRson e BipeaT taiCHastgsrat dis e arance MdueRs BARIFGS IrRHSe

Vi suajnzédrl B8 dighizB8 bl HdTBEulRdt GHahBliZ2e. WubBuSER: 8b#&htes with DNA content
strept avi di n- per oxi dase coupl i ng to the plate. Imunofl uorescence Epo
i

expr e@fdhagelsrep dhatiitds apesibla de dishngudshpetween aclipleid jand /axmdyniaid 68t ef cover slip
in a (gﬁ-%g&mgé_ate and i ncubated for 24-72 hours. The adherent cells are

washe wce wmth PBS and fixed for 5 mnutes with -20C nethanol, then air -
dried and Méthednrar ds agai n soaked in PBS. Unspecific proteins are saturated

. , ) 5 . :
by 1 n&gpbrgﬁi}n%rt]ely\ﬁ Qﬁﬁ%ﬂ.(&f;gﬁs ble vl\??lzss%e];ioornc% |5n lgbgu }egﬁspended in 2 ml incubation

solution and left there for 4-5 hours. The following steps are specific for the Coulter

Counter.

SDS Polyacrylamide-Electrophoresis and Western bilotting

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

Tris-HCI 0.1 MpH 8.5

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

conjugated to alkaline phosphatase and NBT/BCIP staining.

Isoelectric focussing

Materials



and then anti-Epo is incubated for one hour. The reaction is visualized with
anti-nouse 1gG FITC conjugated. The fluorescence is detected by c\?\ggmlmﬁ
m croscopy at an excitation wavel ength of 488 nm and an em ssion vel'en []th
of higher then 515 nm Nucl eus size determ nation Materials 2 6 MAY 2006
-19 Coulter Counter(r) Mdel ZM (Coulter Electronics Inc.) Coulter

Channel yzer O Model 256 |ncubation sol®8t-ion: Citric acid, 0.1 M Triton X
100, 2% El ectrolyte Isoton 11 (Kat-No.844 8011; Coulter Euro D agnostic
GrbH) The Coulter Counter quantifies particles in size and nunber, that are

suspersysém:n  Mutiptoe ! AinershandBiebdigsedsl ui d. The fluid is absorbed by vacuum
throu&h@a capillary which carries electrodes on both sides. The change of

the r SelgiceH haades a vol tage inpulse that can be digitized by the
Coul t kZer . |, _YSp & &' 8loat | t he cells,
ﬁesﬁaﬁpgghﬁé@_ | gtgf%r%g, 03I ZEHAPE! BloalFoTRY cs.b_n@:}%?dgﬁg% meé’gf‘i)

so that i1t possi b I sti'ngui sh” betvieen a di _ pl oi d set
of chronpsomes. Met hdf vl prosephenabiplee ¥0.13%:).081jGHE 22 ml withteOnashed once in

PBS, din 2 ' ' X ' @H I there for 4-5 hours.
The fgﬁﬁ't)b\?ﬁpﬁgwe?t eps a#@é%@@%“%ﬁﬁg%ﬁ er I&%Jtnt er. SDS

Pol va&iotirgbuféerEl ect r @ft3ag Edicheadd 1\ $tise 20 nlmathamal, 0.88F giSR8 s SDS Cel s:
Runni ng buffer. Tris GYE ROEBEMIED LC 2675) Blotting butters
Na2 B4 @ottify#Aétrixo0 "M PYDF, infindbildn PIEu5 aivdMilipdedoKedMeRessag matri x:  PVDF

| mobi |l on P 0.45pM M | | i pore: K8JMB238H Washing buffer: see ELI SA washing
buf f ePVashing Bierpuf 1 esee %L%WPW'%QH@?" in washing buffer Detection buffer:

NaQl , plutforMbuffdrs- HCl - @oclmik péivderin wiBhiRg Buffer
Detection buffer: NaCl, 0.1 M, Tris-HCI 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 aminoe acids of Epo.
Visualization is done with anti mouse IgG AP conjugated and NBT/BCIP staining.
Determination of the DNA content

The DNA content of recombinant cell-lines is compared with the CHO-dhfr” host celi-line by
FACS analysis,

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

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

In-vitro specificity test

The human erythroleukemic celi-line TF-1 (German Coliection of Microorganisms and Cell
Cultures) is growth-dependent on IL3 or hGM-CSF. These cytokines display synergistic



Epo containing sanples are adjusted to 30 ng/20pl in 1 x sanple buffer with
1 %a-MIG and applied to the SDS gel. At the end of the run, the pridt HAHhE06
are blotted to a PVDF i nmobilon nmenbrane for two hours and then the Epo is
specifically stained with a nonocl onal anti body detecting the first 26 am no
acids of Epo. Visualization is done _g.‘th anti nouse 1gG conjugated to

al kal i ne phosphatase and NBT/BCI P stdi'ning. Isoelectric focussing Materials

2 6 MAY 2006 -20 System Multiphor 11, Anmersham Biosciences |PG CGels: pH
2.5 -7 Reswelling buffer: 9 g urea, 0.5 g CHAPS, 0.04 g DTE, 0.5 nl
r esol dfiests(qui-prdliferation, whike Bpo bao mairdaiolthdiiabilityGorisdme triputhe ¢adls2zBenl with

H20 Sanpl e. buf fer.: buffer. pH 3-1 26pl in 625 pl H2O Blotting
bu 1 orottsebStaen ML SRRl Epd onghingifutivaliun mBRm. " 505"y So0 ad ust ot o
1000 M w tiesti8UpPledidritsg matri x: PVDF I nmobilon P 0.45 pM M I 1ipore;

K8JMB238H Washing buffer: see ELI SA washing buffer Dilution buffer: 1% mlk
powderCuityatiar medyimyy ¢ FM! 1640 s¥nrismented aith 4eMGIn.d0% FSTris-HO 0.1 M pH

9.5 Method Epo ceglaifivassfeiim19aMida-afbléab®bihshop00- 1000 ng/ 50 pl,
desal tod, diluted P vaRstEnif 10pM et Ao gpplied o the reswollen | PG

‘gel . Runni ng condilgng/m raGM-CBF s3U/ahéh BPawut e 300V, then linear increase to

3500V and at the end 1 hour at 3500V. During the whole focussing process a

limt of 10 mA and 10Wis set. Afterwards the proteins are blotted to a PVDF
| nmobiTleehmediobt ane by RRANIIf 162100 supplementgdh with dnidy Girl, d©0pgindl dransiedirt, hen Epo i s

st ai ned specific%lmlg\/’d/\éég a nonocl onal antibody detecting the first 26

am no aci ds of EpG. lization is done wwth anti nouse I gG AP conj ugat ed
and NBT/ BCMethdds ni ng. Determnation of the DNA content The DNA content of

recombi nant cell-lines is conpared with the CHO dhfr host cell-line by FACS

anal ySng funalipanifty fest ispesiormgd ssrer MI T vigbilitnestin $5msll pligtes ammeripgalgd 0. 1%
Tritony XJ44s J Pharm Biomed Anal 14(11):1455-69). Samples are diluted 1:2 fold eight times,

starting with 100 ng Epo per ml in test medium. 50 pl of each sample dilution, standard

dilution or blank are transferred to the 96-well testing plate. TF-1 celis 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 yi MTT solution (6 mg/ml in PBS) are added and

incubated at 37°C for 4 hours. The dye is dissolved with 100 pi SDS/HC! (10% SDS in 0.1

M HCI) for another 4 hours in the dark and the Epo dependent viability is photomerically

determined at 550/690 nm.

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

Plasmid pSV2neo (ATCC 37149} is cut with the restriction enzymes EcoRl and
Hindill. The two resulting fragments has a sizes of 3092 bp and 2637 bp. The 2637 bp
fragment consists of an EcoR| — Pvull restriction fragment including a pBR322 backbone



Staining Buffer. 0.3 pg/m DAPI (Hoechst) in washing buffer Method 5x105
cells are washed in PBS and fixed with ice cold 70% et hanol . After\/\qrﬁdmvtmaﬁ
cells are washed twice with washing buffer and then incubated in staining
buffer for 30 mnutes at AT. The DNA content is neasured with the FACS
Vant age (Becton and Dickinson) at 339, .nm excitation and 450 nm em ssi on.
In-vitro specificity test The human erythrol eukemc cell-line TF-1 (German
Col l ection of M croorganisns and Cell Cultures) is growth-dependent on IL3
or hGW CSF. These cytoki nes displa sP/nergi stic 2 6 MAY 2006 -21 effects on
pr ol i BB atneighbofng IFvuiEpdipdi fmmﬂngwh chigentgingtd ragrpentsf thieoR¥4@ieay The cell s

are L.pel Yy : LA id Vati on nedi um Test
Suppl Efrgeﬁtr‘l tgﬁmﬁ?e?lévat |¢)fr% mﬁgg}ﬁﬁ%ﬁ%ﬁgf@%gﬂg&g@ﬁgﬁs&% with 4nM G n, 10%
FCS, 120pgreparationof the heomycCipivesistancergeneapt o- et hanol , f 2ng/ m rhGw CSF,
3Um _rh Epo, Test mediu RPM_ 164Q. _sup. mented with 4nM G n. 100pg/ m

o r ans7BF PER Send i i Bt The fiabroson fosral REVERRG: 8 ptiled BY afifumstton s
MIT vteitainirgysdieip the codify meidn dilted gend, HagpEn bf the ciiningétratd@p becolgnitipar m

Bi omed Anal 14%12‘: 1455-69). Sanples are diluted 1:2 fﬁl d eight tinmes,

st ar t PitRS IR faStIcHBN RRORMHFiases are infroduead ahbatheRdssd Hipddsite ichuil indbee

di | ut] Yo [NV I Il testing
ol at e P Ao o B ks B S A e T 0 o108
cel | samplifiad regipntassrespetisumnuEizotidess284640 1988 iethe seguencepdfaSy/2reoover | ayed

W th I, Of ; RS : ) 72 hours in
the cRianRiaceBrisihb PRt R B Ko B e) are added
and incubated at 37C for 4 hours. The dye is dissolved with 100 pl SDS/ HCl
(10% SPS | ! 1).for another 4 hours in the dark and the Epo '
depen@@?ﬁ#@qgﬂl‘l [ %aﬁs%ﬂﬁ’(ﬂomri cally determned at 550/690 nm Exanple 1 -
Const 5UqjggQyaige My 2gtgd abpettiea aad tadangyr-wcti on of p2- nesed.ib. Reepar ati on

of the, vector fragnment fraom g_SVZneo containing the SV40 early
5" Hindlll:  aagctt- q (= pos. 2846 in pSV2neo) ttgggaagecety............. SEQ.ID. No. 2

Oligo 2004-02:  length: 42mer
5°- ggg gaa ttc act agt gag tcc cge tca gaa gaa cic gtc aag - 3° SEQ. ID.Ne. 3

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

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

1.3 Construction of pi-neo

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

supplemented with 50 mg/l ampicillin.



pronoter The basis of the vector construction is the pBR322 plasm d backbone

contained in pSV2neo. The snmaller EcoRl - Pvull restriction fragnent
i ncludes this pBR322 backbone and the neighboring Pvull - Hindlll ngzgﬂﬁ
from SvV40 bears the relevant fragnment of the SV40 early pronoter. asm

pSV2neo (ATCC 37149) is cut with the restriction enzymes EcoRI and H ndlIl.
The two resulting fragnents has a sizgs of 3092 bp and 2637 bp. The 2637 bp
fragnent consists of an EcoRl - Pvull restriction fragnent including a

pBR322 backbone 2 6 MAY 2006 -22 and a neighboring Pvull - Hindill fragnent
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Hndlll: aaoctt- g (= pos. 46 | SV2neo) ttgggaagccctg. .. .. e .n .. SEQ
D NBTiagsn tngiospaseli pEfignee. bapetsan qieltes SriangR SRS | co coc
tca gRASPar 1AEdEbA tafd BardH! sHsQircably ifduded at osifisiPTS { SsEvVe-gaghant tC acta t
- g (= pos. 1938 in pSV2neo) agtcccgctcagaa...... SEQ ID. No. 4 The

anpl | E¢aRlsite is iplrodured vl the dawnstreappimer separated by @6 nuclentisgApedingy PCR
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pol ynmerase in the supplied buffer to a total volunme of 50 pl; tenperature

profiLg: 1 p=.95 C, 35 i (30 sec 95 C, 20 sec 65 C, 90 sec 72 O, 3
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mn t further use. The resulting DNA fragnent of
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Olige 2004-06: length: 46mer
5°- ggg gga att cgg agg ggqg atc cag aca tgataa gatacattgatga - 37 SEQ.ID. No. 7

The amplification product of primers 2004-05 + 2004-06 is prepared by PCR using Pwo
polymerase (Roche Diagnostics) as described above. The resuiting DNA fragment of 873
bp is purified using DNA isolation Eoiumns. digested with EcoR! and Spel and gel-purified.
1.5 Preparation of p2-neo
pt-neo plasmid DNA is digested using EcoRl + Spel. The resulting linearized fragment is
purified, ligated with the ampilified fragment containing SV40LTpolyA/iVS and transformed
into an E.coli host. Transformants are selected by growth on LB medium suppiemented with
50 mg/t ampiciliin.

Piasmid DNA is isolated from clones and checked by restriction analysis using £coRl
(1 fragment of 4411 bp) and Ncol (2 fragments of size 3631 bp and 780 bp} and Sphi (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.



and eluted using Spin Colums (Supelco). 1.3 Construction of pl-neo The
anplified EcoR -H ndl Il neo gene fragnent is ligated to the EcoRl - Hijmilmy 2006
vector fragnment from pSV2-neo using Ligation Express (C ontech) an
transforned into an E.coli host (E co/i SURE (Stratagene)). Transformants
are selected by . growth on LB nmedium _supplenented with 50 ng/l. ampicillin. 2
6 MAY 2006 -23 Plasmid DNA i s isol at@d from cl ones and checked by
restriction analysis using EcoRl plus Ncol (3 fragnents of 2527 bp, 780 bp
and 251 bp, respectively). Plasm d DNAs showi ng the expected fragnents are
further cloetistactipn ofplasnsidpg rel evant parts of the constructs. A plasmd
DNA containing a verified Sv40early pronoter and neonycin resistance gene

i s degignated aﬁ pi -neo... 1 Pre[l)'ara ion of the SVA0 term nation region
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ttgtgaagga ............. SEQ ID. No. 6 Adigo 2004-06: |ength: 46mer 5 - ggg
gga atd; %fﬁ ggg a g tga W gat ace ttg atg a - 3" SEQ ID. No. 7
5' Ecgﬁ%g I:ﬂgaattchﬁgr.}%ﬁ(g@rﬁ)%s. 751 in pSV2neo) aatcc agacatgataag.... SEQ

| D. No'- ghgidug aieglgitgd sattgigtyt pawitugyg gt gpr-iBher s 2004- 0SE@. IRON-B6 i s prepared

resul £ HEBaaRtes R PR 3878 1 RSV Ane ) BB ki ng DT Dokt fon col urms.
digested with EcoR and Spel and gel-purified. 1.5 Preparation of p2-neo

pl -neq plasm d DNA is digested using EcoR + Spel. The resulting linearized
fr agmehgo £QO4-Rir i 1 edlendyat®BeWi th the anplified fragnent containing

SV40Lgp gE/y k\iac 88¢ladd @R dah 3R cct dbgcPétalaaa@ah Nt - sHOARSKYr RNt S are
sel ect e? yggr owt'%g(a)éh Lg&:’medi ugn suppl enent ead \?\Abtch 50 n%/ 1 arrpjlnﬁi I'1in.
5" Nofl:  gcggccge - a (= pos. 3093 in pSV2neo) getititgcaaaag.... SEQ. ID. No. 12

The amplification product of primers 2004-07 + 2004-08 is prepared by PCR using Pwo
polymerase (Roche Diagnostics), as described above. The resulting DNA fragment of 365
bp is purified using DNA isolation columns, digested with BamHl and Nofl, and gel-purified.

2.2 Preparation of the pBluescript vector part
pBluescript || SK+ DNA is sequentially restricted using BamH! and Nofl, respectively. The

DNA is dephosphorylated using alkaline phosphatase. The BamHU/No#l fragment is purified

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

2.3 Preparation and vetrification of plasmid p3
The amplified BamH\-Nofl fragment containing the SV40 early promoter is ligated into the
prepared pBluescript i SK+ vector using T4 DNA Ligase (Promega GmbH). Plasmid DNA
from E.coli SURE (Stratagene) transformants is isolated and purified from colonies on LB
medium supplemented with 100 mg/! ampicillin.

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



Plasmd DNA is isolated fromclones and checked by restriction analysis
using EcoRl (1 fragnent of 4411 bp) and Ncol (2 fragnments of size §$§MNP9NB
and 780 bp) and Sphl (3 fragnments of size 3499 bp, 840 bp and 72 bp)-
Plasm d DNAs showi ng the expected fragments are further checked by
sequencing relevant parts of the constructs. A plasmd DNA containing a
verified SVAOLTpol yA/ 1 VS is designat@®-as p2-neo. 2 6 MAY 2006 -24 2.
Construction of plasmd p3 2.1 Preparation of the SV 40 early pronoter
fragnent Plasm d pSV2neo is used as a source for the Sv40 early pronoter

fragment. The flaseideNAs Shalfing thebipeeted iRdntP4reliantiidieheddused i n o
constructing the | asm ds. However the ends of the fragment are nodified
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Nod: gcggccgc - a (= pos. 3093 in pSV2neo) gctttttgcaaaag.... SEQ ID. No.
12 The anpl ificationeﬁroduct of priners 2004-07 + 2004-08 is prepared by PCR
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(Stratagene) transformants is isolated and purified rromcolonies on LB
medi utitd gfhsneleidsigd andireaspengded indANAse free watatesul ting DNAs are checked by

rzggt L:o)Ct | ORuARAIKIGHEY tishd FadineRls b dat immérﬁpiaéésaﬂﬂsau Hrdtigh™ 6o gA39 bp and
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.

The frozen tissue is lysed by addition of 1 ml TRizol® reagent, homogenized and
incubated at 15-30°C for 5 minutes to ensure complete dissociafion. After addition of 200 pl
chioroform, shaking the tube and incubation for 2-3 minutes at 15-30°C the tube is
centrifuged at 12000xg for 10 minutes. Following centrifugation, the upper aqueous phase
is carefully transferred to a fresh tube mixed with 500 Wl isopropyl alcohol and incubated at
15-30°C for 10 min. The precipitated RNA is centrifuged (12000xg, 10 min), the pellet
washed with ethanol, centrifuged again, airdried and dissolved in RNAse free DEPC water.
Total RNA content is measured photometrically at 260 nm.

1 OD2gonm = 40 g RNA/mI

By evaluating the ratio of ODygonm and ODzsonm {Maximum absorbance of proteins) one can
estimate the purity of the RNA isolation. It should range between 1.6 and 1.8.

3.2 mRNA isolation with Dynabeads Oligo {(dT)25



2 6 MAY 2006 -25 Two plasm d DNAs showi ng the expected fragments are further
checked by sequencing. Both strands of the SVA0 early pronoter areggMAY 2006
sequenced so that each position could be verified. The plasmd is
designated as p3. 3. Isolation of human Epo cDNA 3.1 Isolation of total RNA
with TRIZ610 Reagent TRl zol (r) reage used for isolation of Epo RNA from
human ki dney tissues (obtained from%he Lai nzer Krankenhaus hospital) is a
nono- phasi ¢ sol uti on of phenol and guani dine isothiocyanate. During cell

| ysi s guani di ne isothiocyanate forns a water-soluble conplex wth RNA while
celI's are dyabpadsiOligul (tiT)is onRNA DiﬁEGﬂ'ddtmmploﬁsdybudieatidwofdhmt rifugation,

separ at t he .so| ut nt.o RNA cont ain Qrganic phase
ar tor PoARRPSHRE It soA ol SufhrlsRHRBLE surbmeBRRY S pBh RO S
i sopr @l@malrﬁﬂxgzambclewcsdﬂbﬁg chaihb of ibatycthymitiylatel¢ivatbntip attactradpahsied i n RNAse
free water ki dne t| ssue fra%rrentg are cut, into hyrrall |eces forced
£ hr ougHTace: GOFNIbONBA 16 e madAtc begh FAR e SROXEIPSHISINGR BVRY! TRaNEHRo
resul xR Nchtradr WRFHaEMPOM.ee times with PBS. Then the pellet is
resuspended in PBS, aligoted in sterile tubes, frozen to -196C and stored

at -80C until further use. The frozen tissue is |ysed by addition of 1 ni

TR zol ho %Dsl' or 5 mnutes to
ensurewc%hrlr%fet e di ssoc?gﬁblzl%ql@f EH 6&3’“?%?8@ Ao,%;M;:hl orof orm shaki ng
t he t oeBadihgimdfebat i on f Jris-HG 200 mM pH 7:8; LiGI-130& EB)é'AtZlli s centrifuged

at 12000xg for 10 mnutes. Follow ng centrifugati on, t he upper aqueous phase
is carefully transferred to a fresh tube m xed with 500 pl isopropyl al cohol

and i weH Ipapgdaf adtal RNA 306D {Aqn ynbBeBU oli Bh(a'rﬁg 8f gtiphaited inANS DypacRIPC® f uged
(12000x t he pel | et vvashe w t h et hanol , élentrlfu ed agal n,

S dr PEY YasGod LS IB G RskIORer ORI BIBLANA 14 BSIAPeRtRS JOHTER O | s
MBas upeg uPHth A Hashig|butfef ind BlnatitedloyiRESAREh 3t 68Dy BMhes Byngy@eual | ng

the rati o of OD2eoom and CD28om (maxi rrum absor bance of proteins) one can
est i mENA israixed with jheybeadse inrnpated @t seanb temparatyriolor & rinuigs apdispparatad 6 and
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I zation of the
polyadenylated NA is eluted from the Dynalbeads Oligo (dT)zs by incubation with elution

buffer (2 x 10 pi) for 4 minutes at 65°C. Dynabeads are separated in the Dynal MPC® and
the supematant is immediately transferred to a new RNAse free microcentrifuge tube. The
eluate is used directly for reverse transcription.

3.3 Reverse Transcription

The specific primer for Epo is denatured by 4 min incubation at 80°C and the mRNA
is denatured by 5 min incubation at 65°C. The following components are added to a sterile
1.5 ml microcentrifuge tube on ice:

Reagent Final
concentration

mRNA 10 pl
MMLYV (200 U/ub 0,25 yl
Boehringer PCR buffer (10 x) 2l
dNTPs (10 mM) 2 ut
MgCi; (50 mM) 1l
Epo for (100 pmol/pl) 1 i
DTT (0,1 M) 0,25 pl
RNAse inhibitor (40 U/ul} 0,25 pt
H,O 3,25 i

incubation: 60 min 37 °C



e ]

pol yadenosine tail RNA of eukaryotic nmRNA to supernagnetic, polystyrene
particles containing 25 nucleotide |ong chains of deoxy-thym dyl atZ A 2006
covalently attached to their surface. mRNA bound to the magnetic b ng can
be separated using a Dynal magnetic particle concentrator (Dynal MPC(r)).
Washi ng buffer Tris-HCl 10 mM pH 8%7 Licl 0,15 mM EDTA 1 nmM 2 x Bi ndi ng
buffer Tris-HCI 20 M pH 7,5; LiCl "£'mM EDTA 2 nM For 10 pg of total RNA,
100 pl Dynabeads oligo (dT)25 are separated in the Dynal MPC(r) and washed
twice with 2x washing buffer. Meanwhile total RNA is adjusted to a vol une of
200 plnagtivdtiobx washi n§ nenf f er 16@dCdenat ured by incubation at 65C for 4

m nutes. Then the RNA is mxed wth the beads, incubated at room
tenperature for 5 mnutes and separated in the Dynal MPCe. The beads are
washed twice with 1x washing buffer. The pol yadenylated RNA is eluted from
t he Dgil pofinerdse ehalriiattiony | ncubation with elution buffer (2 x 10 pl)

for 4 mnutes,at 65C. Dynabeads are segarajt ed in the Dﬁn_l MPC(r) and the
super nat ant "¢ olioMRgFomrAnNents arg added &jasterle h&PiHRismse V'gégerﬁ’PP@&érﬁ-ri fuge

t ube. pErEcorRitidAt Ard Fstb$BEjodi rectly for reverse transcription. 3.3 Reverse
Transcription The specific prinmer for Epo is denatured by 4 mn incubation

at 80C and the nRNA is denatured by 5 min incubation at 65C. The follow ng

conpoﬁ?gWe—a'd'd'e'd—FB—a—srerﬁ-e—-tS m mcrocentrifuge tube on ice:
Reagen fhal  concentP3tion NRNA 10 NI MWLV (200 Upt) 0,25 pl Boehringer

PCR bTeHplatd 10 X) 2 PEDNAEPES (M0 " 2 pl M2 (50 mM 1 pl Epo for (100
prmvpl% 1 %1? DTT (0,21 'FI\&QH-? 25!#5” RNAse inhibitor (40 Upl) 0,25 pi HO
3, 25 PYVIMREABati on: e¥emi W &K1 2 6 MmAY 2006 . 27

polymerase buffer Vent buffer 1x (10pl)

{10x)
dNTPs (10 mM) 200 M (2uh)
MgCl, (50 mM) /

Primer for (10 pM) 30pM (3ul)
Primer back (10 pM) 30 pM (3ul)

DMSO /

R0 76,5 ul

PCR cycle

1 Denaturation 95°C 2 min

2 Denaturation 94°C 45 sec

3 Primer annealing 58°C 30 sec

4 extension 72°C 1 min

. finish extension 72°C  10'min

6. cycles 30 -

The PCR ampilification 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
‘m!; adjusted to 1000 mi H.0

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



I nactivation: 5 mn 100 C 3.4 Pol ynerase chain reaction The foll ow ng
conponents are added to a sterile 1.5 m mcrocentrifuge tube at 4C. Gﬁ&ﬁﬂﬂﬁ
conditions are listed bel ow. ReagentEpo Tenplate cDNA Epo 5 pl pol yr;erase
Vent 1 U (0,5111) polynerase buffer Vent buffer Ix (10111) (10x) 200 pM
(2p1) dNTPs (10 MV f MgCl 2 (50 mM 30pM (3pl) Prinmer for (10 pM 30 pM
(3pl) Priner back (10 pM f DVSO H2G®-5 pl PCR cycle 1 Denaturation 95C 2
mn 2 Denaturation 94C 45 sec 3 Priner annealing

1 h at 37°C digested, 20 min at 65 C inactivated; supplemented with

40 pl BX-Ioading buffer)

1g agarose and 99g 1xTAE buffer are meited in the microwave oven, cooled down to
approximately 60°C and supplemented with 3 pl of ethidium bromide stock solution (10
mg/ml). Gels are run in 1xTAE buffer at 100-300 V for approximately 30 min, depending on
the length of the DNA fragments to be separated. Each iane contains 10 pl sample mixed
with 2 pl 6 x BX buffer. identification of DNA fragments is based on comparison with a
Lamba/Hind iil 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 1ug
vector DNA and insert according to manufacturers instructions. The mixture is incubated at
37°C (30°C for Smal) between 30 and 60 min, depending on the enzymes used, vector and
insert. Then the enzyme is inactivated by heating up to 65°C for 10 min and the reaction

mixture is analyzed by agarose gel electrophoresis.

3.6.2 Ligation
pIRESneoSV40 vector
pIRESneo vector (Clontech laboratories) contains the internal ribosome entry site

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

promoter is replaced by the SV40 early promoter.

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



58C 30 sec 4 extension 72C 1 min 5. finish extension 72C 10 mn 6. cycl es30
The PCR anplification products are anal yzed by agarose gel el ectrop?cb‘rﬁmi vl
3.5 Agarose gel electrophoresis 6 x BX buffer bronphenol blue 0,25 % Xxyl ene
cyanol 0,25 % glycerol 30 % TAE buffer Tris base 242g; glacial acetic acid
57,1 m; EDTA (0,5 M pH8,0) 100 m; adjusted to 1000 m H20O Lanbda- Mar ker
111 10 pg bact eri ophage Lanmbda-wi | dt3%e-Dann (2,5 pl Hnd |11 + 2,5pl1 Eco R
| + 20 pl buffer R (Fernmentas) filled up with HO ad 200 pl; 2 6 MAY 2006
-28 1 h at 37C digested, 20 min at 65 C inactivated; supplenented with 40
Pl BXpdriasled dvamidhe al 18 aahs ot RN h8Atheliigabblis Retligdctivated Byl ted in the _
m crowave oven, cooled down to approximately 60C and suppl efrented with 3 pi
of etiRp¥hatian gt BRICGifor JOSBIRUESI ution (10 ng/m). Gels are run in 1 xTAE
buffer at 100-300 V for approximately 30 mn, depending on the length of
the DNA fragoents to be separated. Each lane contains 10 pl sanple mxed
with 2 pl Geagé@ buffer. | denfirfalamounh of DNA fragnents is based on

conpari so ' wei ght standard. 3.6

Pr epar at i oNeEer @5%@@@ andWV%tors for ligation 3.6.1 Restriction of
Vect or DNAnged (Epsert for sticlgnoa@,d cloning I Qu of restriction enzyne and
appropriate restriction buffers are mxed wwth 1g vector DNA and insert
accordi ng 6 Obwbigase urers i nd¥Vdtied)i ons. The mixture is incubated at 37C
(30C for Sggﬁgr(gg)t ween 30 andh@& jn, depending on the enzynes used, vector
and insert. Then the enzyne is Inactivated by heating up to 65C for 10 mn

and the reBe®i on ad 10 pl

3.6.3 Bacteria and culture media

JM109 (Promega, USA)

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

LB agar 15 g agar in 1000 mi LB-medium

LB-Amp 100 pl ampiciliin (100 mg/ml} in 1000 mi LB-medium

SCC medium bacto tryptone 20 g; yeast extract 5 g; NaCl 10 mM; KCI 3 mM; MgCl,
' 10 mM; glucose 20 mM, MgSO, 10 mM

3.6.4 Transformation using CaCl,

Preparation of competent bacteria (JM109)

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

Transformation

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



m xture i s anal yzed by agarose gel electrophoresis. 3.6.2 Ligation

pl RESneoSV40 vector pl RESneo vector (Clontech |aboratories) containg gt 7006
internal ribosone entry site (IRES) of the encephal onyocarditis virus
(ECW), which permts the translation of two open reading franes from one
messenger RNA. The expression casset_tag_of pl RESneo contains the human
cytonegal ovirus (CW) nmajor inmmedi ate early pronoter/enhancer foll owed by a
multiple cloning site (MCS), the ECW I RES foll owed by the neonycin
phosphotransferase gene and the pol yadenyl ati on signal of the bovine growh
hor noheat-shpckpd fonAdasasendsia aovatertatih gbexactly 52?%\5#@@3&119'9% BBASV40 early

pr onot; A P ld C"He. e [ or opti nmal
| i gat }"ﬁﬁeg%ﬁ%g{aﬁ% g?;/ﬁggéﬁgf{l\g}%%ﬁ)@nam%) ng !alrllj-sﬁ'e'rs'ltg&? ag;t)gn |trt11850n t he

| engt Rndamaubatssidor 80 mimeat IF°Crizefore pidtingbi®dtpl of badedansuspiersidn wnt LB-Aaig owi ng
reagenﬁﬁi In a total volume of 10 pl H2O The incubation is 2 6 MAY 2006 -29
pel’fOIp & over ni ght at 15C and 3 h at AT. Then the ligase is

heat -i nactivated by incubation at 65C for 10 mi nutes. Reagent Final anount
Vector (pl RESneoSV40) - 20 ng Insert (Epo) - 200 ng T4 DNA. Ligase | u (1
NI ) %u J pl 3.6.3 Bacteria and cul ture nedia
JMLO9 &g om casein 10 g, yeast extract 5 g;

gar 15 ¢ AT Pt ne R o el orihe s Sfnd ONB gt Vs gy ot ) i

1000 mchhiguerBotionsSeampidillinmebisianbedionips areemiz@d with\tesa PCRerebctiont mixtige NaCl 10

T bt e e raites B 505 ST AT el oo oo ™1 0"

show PCR-amplified DNA bands in agarose gel electrophoresis. These colonies are then

propagated in LB-Amp medium for further analysis and plasmid purification. For further use
and storage 1 ml of desired bacteria culture is mixed with 500 ul glycerin (87 %) and stored
at -80°C,

3.6.6 _Wizard® Plus SV Minipreps DNA Purification System

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

Cell lysis solution NaOH 0.2 M, SDS 1%

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

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

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



10 M of LB nediumis inoculated with E.coli (JML09) and grown overni ght at
37C. 4 m bacterial culture is diluted 1:100 in LB nedium and grown unti l
havi ng reached OD2so,, m of 0.8. Bacteria are centrifuged at 4500 r grgA)ar &0
mn at 4C and the cell pellet is resuspended in 10 M 0.1 M CaClZ%) %@
m Dbacterial suspension used. The cells are <centrifuged, the pellet is
resuspended in 2 m 0.1 MCaC 2 and_ghiquoted to a total volune of 100 pl,
frozen in liquid nitrogen and stored at -80C. Transformation In pre- chi Il ed
17x100 nm pol ypropyl ene culture tubes 5-10 ng plasnm d DNA is added to JML09

corrpetent bact er| a, gent_lé m xed and put on ice for 30 mn. Then the cells
are 2 ' shocked for 45 seconds in a waterbath at exactly
4Zva|tho and i medi at el | gced.on ice for. 2 m,putes. Then 900
ol SOC e adrre*eﬁﬁrreue@esmsrmcgaﬁaﬁ%&%mfw Austiabai BV o " 37C et or e
plati '&ni@%d@' (Matia VRStIS TALRtriaY SRR B bEific Pimb3: OliFonuRleati@s pridefs for g eeni ng and
est abl i sh glycerin cultures Anmpicillin resistant caolonies are screened

for t@aEplificatiopsl EpRAndrffeatly BSP"MPI ancfenseaysace PaRIYSISALe Itedhhpion. | | i n
resistant colonies are mxed with the PCR reaction m xture and with

specific priners _against the cloned DNA fragment (see below). Posjtive

col onr@ﬁgomml&mprr fi ecSeZ(NQnBands in agar ose gel el ect rophoresr s. These
col ontes j d

pl asm d purrfrcatron For further use and storage 1 m  of desr red bacterra
cul t ur 8VitGeanyyesmpéerh 500 pl gl ycerin (87 % and stored at -80C. 3.6.6
Wzard(r)_Plus SV.M nioreos DNA Purification System Cel | resus ensr on

sol uti on SY4&eamy Clghtor pHA Boagesratc A6 6ttt aRA 2aa Acq tag-3 75R- D13 ysi s
sol uti on dNadbdhy NI bsERS '%5;‘3%,} Ege ?Z@&gﬂb%l&g aacrg@rssbns Rgdfgochl oride

‘4. 09M pot assi um acet ate 0.7 acial "acetic aci H 4.2 Colum
wash sol uBY4theqbt 2lshagh acet%‘tgé‘csﬁg Hyvcoaeeastie-@i SEQ. PVMNodR 7.5; et hanol 60%
2-3 mglB-Amp mediumare inoculated with a single colony and incubated at
37C over night. The solution is centrifuged (1 2000xg, 5 mn) and the

resul ti ngEpseBamtl fos t hor ouge yag gatsct patretiptécicat @5EtgE-31 8EQsIBeMNo. 8 sol uti on

and then @50 pigigfcRel | | YSis5PLdkOBec T 5E JY cac gaa tot co-3

SEQ. ID. 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. ID. No.19
pIRESneo

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

plRESneo 1016 for 5°-act cac cce aac age ¢g-3° SEQ. ID. No.21

pIRESNneo 2786 for 5°-ggcce aaa caa cag atg get-3° SEQ. ID. No.22

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

4. Construction of plasmid p5

4.1 _Preparation of the Epo gene fragment

The structural gene for Epo (human erythropoietin) is amplified by PCR using
pSVGPIRNEO as a template DNA. The sequence of Epo is given in GenBank Accession
No. M 11319.1. Recognition sites for Noft and Kspl are introduced into the upstream and

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



inverting the tubes 4 tinmes and incubated at RT for 1-5 mn. Thereafter 10
pi of al kaline protease solution (incubated at RT for 5 mn) and 350 pi
neutralization solution ware added. The tube is immediately m xed gg MAY 2006
inverting it 4 times and the bacterial lysate is centrifuged at 12000xg for
10 mn at RT. The cleared lysate is transferred to Spin Colums and
centrifuged (1 2000xg, 5 mn) and thegxolum is washed twi ce with washing
solution (750 pl/250 pl). The DNA is eluted with 100 pl nucl ease-free
water. 2 6 MAY 2006 -31 3.6.7 Sequencing of plasm ds The inserted sequences

are sequenced hy I BL (Gerasdarf, Austria) and by GenXpress (Maria Wrth,
Austri &yg‘%{@ﬁ'@]geci fi cLeﬁ’lgﬁhe“%g?erO I gonucl eotide prinmers for the .
armlIfs'C@‘gg@gg%ﬁgm)atg@ggMe@abm tggrct?itgg f@r sequegEa, MY D4s are

| i sted_bel ow. | gonucl eotide primer SV4Oearly pronmoter SV40 early dal for
SVa0 cBrVgl N COSRETE a(Ss- €45 1P VAP NGO IRBB0ade - Bartd-- 1 SEQ. EBNERDR back
Epo 221 for Epo 204 back plRESneo pl RESneo 181 back plRESneo 1016 for

pl RESneo 2786 for plRES-200 back Sequence 5'-aga tcg atc aag ctt ttt gca
aaa gc@ligeRp0gd-10SEQ | Denfth: 48ger5' - agt cgc gag cgc agc acc atg gcc tg-3'

cat. ot 98 oesfea e Bl B baf U Rt b7 S, o TR NP0 ofo

cac gas Kgt: ccecdegg -t (= pos. 1246 in PSVGPIRNEQ) catctgtecect............ SEQ. ID. No.27

The amplification product of primers 2004-08 + 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 isclation columns, digested with Ksp! and Nof, and gel-purified.
The resulting 592 bp Kspl/Notl Fragment is used in the triple ligation described beiow.

4.2 __Preparation of the termination region SV40LTpolyAIVS

The termination region of SV40LTpolyA/IVS is recloned from pSV2neo by PCR in a similar
manner to that described above in section 1.4 for the construction of p2-neo except that the
primers are designed with different restriction endonuclease recognition sites: the site for
Kspl (=Sadll) is included into the upstream primer and the sites for Sacl and EcoRl into the

downstream primer.

Oligo 2004-11: length: 42mer
5°- ggg gee geg gtt tgt gaa gga ace tta cftt cig tgg tgt gac -3° SEQ. ID. No. 28
5" Kspl:  ccaeqq -t (= pos. 1598 in pSV2neo) tigtgaaggaa............. SEQ. ID. No. 29
Oligo 2004-12: length: 46mer
5°- ggg gaa gct cga att cga tcc aga cat gat aag ata cattgag - 3° SEQ. iD. No. 30

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

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



SEQ ID. No.17 5 -taa ctt tgg tgt ctg gga-3' SEQ ID. No.18 5'-tcc cag aca
cca aag tt-3'" SEQ ID. No.19 5 -tta ggg tta ggc gtt ttg cg-3' SEQ lgPE]g{N? 9%9
5'-act cac ccc aac agc cg-3' SEQ ID. No.21 5'-ggcc aaa caa cag at %
SEQ ID No.22 5'-tgg aaa gag tca aat ggc-3' SEQ ID. No.23 4. Construction
of plasmd p5 4.1 Preparation of thggfkpo gene fragnent The structural gene
for Epo (human erythropoietin) is anplified by PCR using pSVGPIRNEO as a
tenpl ate DNA. The sequence of Epo is given in GenBank Accession No. M
113109. 1 Recognition sites for Not! and Kspl are introduced into the
upst r é8m Brgparalion ot the-pad veetaepait; cspecti vel y. The pri rrers are designed as

;1(:) IgI Sé%pbﬁs '%%Xdégggﬁn g{l’*dlggéie% 5@;@%%%@” §%g{ " 45%& %%%&qgc 999 cge

QC_09Cﬁﬂé}e@(ﬁthmﬂé}m@?ﬁoéﬁha&%‘é@ﬂdﬁh&@bdbgﬁﬁﬁﬁéﬂ is gel-purified. - - - - - SEQ |D NO 25
digo 2004-10: Leng h: 44mer &' ggg gcc ga gtc atc tgt ccc ctg tcc tgc agg
cct ccc ctg t -3' | D. No.26 Kspl: ccacoa - t (= pos. 1246 in
PSV/ igolation of lasmld Q ID. No.27 The anplification

BBFS‘S@W%@@“MW PR SlasEud P3oibd desol VA ERS 9806 Ahc FIABRALIHA | o DNA

frag nﬁ%maﬁor@%lonbgvu@hmrwwgda@%? dW@né ﬁ@ﬁt@h'r@ébn@ﬁ'(uﬁﬁ‘tﬁ)n eigresd, ed wi th
Kspl and Not | ge uri f he resulting 5 /Not| Fragment is

used @ﬁntelﬁé) tthﬁ"'pﬁf@fma"@Ga@f a1 selestad; eyl medim SWP@W@%WHHQQ gl t he

term reg| on SV40LTaol vA/I VS The term nation region of SV40LTpol yA/ I VS
IS reci from pSV2neo by PCRin a simlar mnner to that described above
in secti oqus:Weftmnstmaotsmmtaiming bothdragmenie insentackpte schagnediby caloriyners are

e ol i SE R mBRBAHEAR SRAENERRT RN B0 B L
Sad dabeied pRIbeisnTen tlbees dhich gave amaositivenbybridiZzatigo sigp@dwiti bothengbds aré2mer 5' -
999 95iasdh gorgat mldlg% & %la%ﬁﬁ‘d 3%%a}'attlon(iblagen tgg tgt gac - 3" SEQ 1D No. 28
Restriction analysis is performed using the enzymes BamHI (1 fragment 4723 bp),

EcoRl (2 fragments, 2913, 1810 bp) and Pvull (4 fragments 2513, 1204, 903, 103 bp). Two

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

The whole cassette cloned into pBluescript Il SK+ is sequenced and compared to the

expected nucleotide sequence. Every single nucleotide could be successfully verified. The

plasmids are designated p5.

5, Construction of pEpo/nec

5.1 Construction of pEpo/neo 12-1

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

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

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



5" Kspl: ccacoa - t (= pos. 1598 in pSV2neo) ttgtgaaggaa ............. SEQ
ID. No. 29 digo 2004-12: length: 46mer 5'- ggg gga get aka att cga tg:g ﬁ%@ﬁ
cat gat aag ata cat tga g - 3 SEQ ID. No. 30 5" Sad/EcoRl : oaact aé

- g (= pos. 752 in pSV2neo) atccagacatg....SEQ ID. No. 31 The anplification
product of prinmers 2004-11 + 2004-1234s prepared by PCR using Pwo

pol ynmerase (Roche Diagnostics), as described above. The resulting DNA
fragnent of 873 bp is purified using DNA isolation colums and di gested

with Kspl and Sad. The_resultin DNA fragnment, of _858 i.s then
gel - pur !Of i ’«:a‘lf_. adﬁ’“@“W'é‘G@@"— %‘3 &‘.‘@ '*Pgﬁﬁg@%”@fﬁf’ﬂ’ésggaﬁﬁ 3P°\_ﬁrt p3
pl asm %ioﬁoﬁﬁﬁi@&é@héiﬁ%g YRS LREp brboubP{diaget] freffla chigpeect i vel y. The

DNA is treated with alkali phosg.rqat ase and the vector fragnent is
gel - poeeylated by A single cplogy (PERA/NeAr1ard Regrigiananabfsisis peremagsusing theof | / Sad

t : ] ; t ta I I
{or m UG ooy Rod AP Bnchl oDk WOk or RELISIE, S8, A, KBRS 1 on
( Li gag¢xpentelfageents aid sizése ct)id bérfaund, verifgingth@tlone es acdosettpEminédd nedi um

suppl (?rrent ed with 100 ng/l anpicillin. Positive transfornmants contai ning
bot h ‘??%E'grrents i nserted are screened by colony hybridization using both

anpl i § pedri¢ AgamRItNStrRefidn @9 pEPIMeD and 2004-11/2004-12, as | abel ed probes.
Ten clones which gave a positive hybridization signal with both é)robes are

chosether épstrgamyiegionaf dhey Fao geRs if BERRYBR: &1lii® ahanged d Rpsitiominyscs from

| ik St i | ; , EcoRl
(21 g SurbAPS, 4 SHBfloly ol RIS KiFRaRbou I 1REBHe S8 0900, 1o
bp) . PRsiioncs dreasstaiAliGhdh plrinecatrthatiosition maydmpoayefthe guprassiomteyebef tbet ed and
chec b | o . Gl ' Lpt 1l SK+ is
sequgeg‘gdbé%n g{(’:jo g%g’et%g}feﬂgem %)?%%@@E@EE’%@?e@%@kﬁ%@g‘?%@%@éﬁy single >

nucl ediOde®-goul d be successfully verified. The plasm ds are designated p5.
5. Construction of pEoo/neo 5.1 Construction of pEpolneo 12-1 p5 plasnm d DNA
is digested with BanH and EcoRl and the resulting 1792 bp fragnent

r epr eQkgtt 200g-093e; lerggtisetémerof  SVAOpr onot er - Epogene- SV40term nator i s

el-pyrified. Plasm d p2-neo.is also digesited with BamH_ _an oRl and the
P e Snesaraevegpaslddoctucacsaatgiectiociaoetgigt -3 sed' b

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

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

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



purified. Additionally the DNA is dephosphoryl ated using al kal i ne
phosphatase and purified wth Amicon Mcropure enzyme renovers. Boblg MAY 2006
fragnents, the 4411 bp p2-neo vector and the 1792 bp cassette from p5, are
| igated (Ligation Express, Contech) and transfornmed into E.coli SURE
Plasmd DNA is isolated fromyvari ogﬁst_r ansformants grown on LB nedi um
supplenented with 70 ng/1 anpicillin®“and anal yzed by di gestion using
restriction endonuci eases Pvull, EcoR and Ncol. A clone show ng the
expected fragnents (EcoRl: 6191 bp, Ncol: 4085, 1326 and 780 bp, Pvull:
3273, Exacple BsSomstruttian iof plasmidBpeédhftl and desi gnated as pEpo/ neo-12. 2 6
MAY 2006 .34 ¢ thopal rification the DNA is retransformed into
E.colir suﬁgnfggét@ggk/b?’d@'ﬁﬁﬁﬁ asm d DNA prepared using a "Mdi-prep"”
pr ocequr eprépargnon of tudtirgehbure inocul ated by a single col ony
(pEpo/ neo-12-1). Restriction analysis is perforned using the follow ng
enzyn&ge dpisganse uspd ipn the vegtareonstibelion isgaken fom a mause ‘@&4’1- presgmtin Narl. The
expec 0 s a
baSmid t26YAGCE %ﬁ%s%hghgni?&?&ﬁ&é%quéﬁéd dpthé g«duas gﬁ#r%tﬁsqfa‘

correct pEpo/neo  clone. inal construction of pEpolneo The upstream
r egi ofMBEDHRE) Bpavajjable asrGerBankrfasedsion Moi 2636nged at position minus-3 from

the start ; it | { IS J DL ult in the
purine bas@%dgﬁr?s %ﬁgfl'fhdg% Qnyﬁéﬁ&ﬁ gsﬁ?fgﬁxﬁek%esﬁﬂgﬁggg{oﬁy hg position may
i nmpr ofregrhbet conpaiting thencodinvgtegidn frdre thegstar ATiGDat ddsitionBértpdbse stopecodpp gene i s
rea Lfied usin n,adanted upstrea rinmer 2004-09-a: Ai,go 2004-09-a:

| ooy FAAzE Redttid 81808 3aRhE BritRicaiR B e Aoty JpRistagce gt EBSe™d = seo

| D. Nabov@d? Hintll ane Spbi slekiads inwoddesd inQhe ppstreasad 8dwilreamamplifealioh i s ,
prepared by PCR using Pwo_ pol ynerase é{l‘«;oche Di agnosti cs), as, descri bed
abovePNMTRiE, @EEFH"PHQ%‘D@?"W sigrisralsqintrg edb’ﬁ°it§e FRYerse Ritmerdhesigdetha i sol ati on

col u q } i ; sulting DNA fragnent of 593
bp i rsrgtﬁﬁgér’}g'gg??gu liﬁ?‘icg?.r H%E@?hgg%%%p?%%ﬁém is digested with Kspl and

Nod, respectively, to renove the Epo gene. The 5599 bp fragnent is then

gel - ppy: i %@' ot h pr e are ligated to each other (Ligation
Expretsyblgc?J on{:’éBch) . P’?gg% gg%sf romtransformants is isolated and purified
f r om 8lgggigaa gottat git terhccratigsamigecatiotiedicwdt h 70 ng/ | anpiSEQ.IDONo.38As ar e
anal yzed . " S35k Chl @Rt Sid'd MG8bHFR) Falgtbsiccafi§. 28 "9 sEq. 1D, No. 34

Oligo 2004-14: length: 42mer
5°- ggg gaa ttc act agt tag tct tic tte tcg tag act tca aac - 37 SEQ. ID. No. 35
5" EcoRl/ Spel:

gaaftc actag -t (= pos. 619 in MUSDHFR) tagtctitcttctegtagacttcaaact...............
SEQ. ID. No. 36

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



e ]

A positive clone is selected to isolate DNA using a "M di prep' procedure
(Qagen). An extended restriction analysis is perfornmed using BanH 6. MAY 7006
H ndl I, EcoRl, Ncol, Nod, Psd, Spel, Sphl, Pvull, Narl. The expectze
fragnents and sizes could be found, verifying the clone as a correct

pEpo/ neo. Every single nucleotide of the whole cassette (SV40early_pronoter
- neo gene - SV40LTpol yA/IVS - SV40éa'ﬁ'y-prormter - Epo gene -

SVAOLTpol yA/IVS) inserted in the pBR322 vector-part is also confirmed by
sequenci ng. 2 6 MAY 2006 -35 Exanple 2 - Construction of plasm d Epo/dhfr

1. CoriHeramplified £doRb-Zirthit dhfCend fragifertiatigdtedto thie EdoRI-Hitalil gmter The dhfr
gene L#sed for the fctor constructjon iz(Pt ake resent in

O e PG PRITAT D3V ReLsISg ALAion Frorass dPEBteeR: And JBISHRESG NS RE ExBRlce dnf 1
CDNA f{dw?fwﬁs?a miahtSdl e BPg r@wwaﬁta/iﬁé‘cﬁﬁﬁls@apnuﬁmmﬁﬁso dhfr is

amplified from pLTRdhfr26 wusing priners designe produce a r agment

cont alwm@”lﬂhé’iaﬁﬂ'ﬂd POA e dranstoonantsds isplated mlﬁlﬂeﬁé@m caienies ondB he stop
codon %Lﬁglgﬁietni |§F§05®ﬁafn%l?_ﬁlne anplification of the neonycin

resi stance esc ndl Il and Spel sites are introduced in
the upstr eaB‘raamd Mwsssmlammfmmpblbhesamd oneckpd byreestricticasapalysiswsing E¢oRIECOR

site i troduce nt rse beS|de the Spel site. The
sequer‘f’i‘és %‘Fa?td?] a%ﬁ“?@@rﬂjélz&?%zgg’? Eg‘yg 8'%1[’5\}6? go 2004-13: |ength:
39nmer 5 - r8id DNIRY sHowing BHe ¢ t%@q hiengPdr Cﬁ;u%é‘r%h SKHd BOsequeR EQ ID.
No. 33 5 gI!iliﬂgndl L1: a%oct"t@ =° ra@56nl n I?/USDHFR) E;T ttcgg:uca?tng

...... relevant partsofthe gonsiucts 3& mﬁr@a Dé%zomamlngemmrﬁled hy promgieag a ttc

act Q%nﬁ%fd%fofa?ecrédh&agfgeﬁé‘% 6’&599 1-gh Cﬁ@he'dﬁalﬁ%o 3pe 5 EcoR /

Snel : gaatt'g actao - MUSDHER) tagtctttcttctcgtagacttcaaact -
...... sequences reveaiEpneg dpvialipn vgmmm@ tﬁﬂrpgerfeufm thenseniuener puldishgd imer s

2004- 4s
Di agnos $%§$Q af}e%éiecglc)pégnﬁsiag‘ove Q%egtrs%%ﬁ 1 ng (%mélpﬁggnent oﬁ%g' bp is
puri f iSeﬁsemem s@encihgl showed teatl thisehangk igedsocpresérittin tHersbiurde plasimi@coRl and

gel - PYlWelEftne r&sﬁtu% EHAN, gtdog ndt cﬂ?Se(jahérran(g:Q% thetarhihd atid® %quence

encoded by nucleotide sequence since CTT and CTC both encode leucine.
1.3 Preparation of p2-dhfr-CDS
p1-dhfr-CDS plasmid DNA is digested using EcoRl + Spel. The resuiting linearized fragment
is purified and ligated with the amplified fragment containing SV40LTpolyA/IVS (described
above). Following transformation and selection, resulting plasmids are analyzed by
restriction analysis using Acd (3 fragments of 2994, 855 and 216 bp). A few are selected
and additionally analyzed using Hinclt (2 fragments of 3466 bp and 599 bp, respectively),
Al (2 fragments of 2872 bp and 1193 bp, respectively) and Bgh (2 fragments of 2371 bp
and 1694 bp, respectively). '

A plasmid DNA showing all the expected fragments in the correct sizes is further
checked by sequencing. A verified plasmid is designated as p2-dhfr-CDS.

2. __ Construction of pEpo/dhir

2.1 Preparation of pEpo/dhfr 21

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

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

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

dephosphorylated using alkaline phosphatase and purified with Amicon Micropure enzyme

removers.



-36 The anmplified EcoR -H ndl ||l dhfr gene fragnent is ligated to the

EcoR -H ndlil vector fragnment from pSV2-neo using Ligation Express 76 MAY 2““3
(Cdontech), and transfornmed into an E.coli host. Transfom ants are Sel ecte
by growmh on LB nedi um suppl enented with 50 ng/I anpicillin. Plasm d DNA
fromtransformants is isolated and pywafied fromcolonies on LB nedi um
suppl enented with 50 ng/1 anpicillin. Plasmd DNA is isolated fromclones
and checked by restriction analysis using EcCoRI plus Scal (3 fragnments of

fragnents SP FRATRs. BrA0Rd AP CHLBLR SR aneae Are paPresaB Haribs.
const rdﬂ@ti?ateé\(mbm EkprbEs, OnHitécH)iand tansfdiméd pto B\t SURE, ThirsToingints and

di hydrof ol ate reductase gene is designated as pl-dhfr-CDS. The anal ysis of
the <Solomasawp opdd @adiyRLsurplaaented with Rimo/t aepighiniarg Brridizestysing  sequence
publ i ' A bl i3 DN : 0SS L 451 of
t he I\/ﬁg%&:ﬂgés(gquencgﬁm) %ﬁgyéé%%ﬁlé%@guenc!gggg‘détﬁga?@ \:/ﬂgtgs ? tﬁ?@%ﬁ%ﬂgﬂ Is al so
pr eser@ndianatyzed by digsstien using destricionendenudigased¥agl.t i ng change does not cause

h : ; . ¢ I : :
e ang. cre 6T SEARa RSBl oe iy BRERA0RS KRARCE i REBHERSS ot 7 Cos
]Pl as Madf [J58ignatedi ?ﬁﬁdmdf‘(jSF?‘-gcfmﬁpf‘%'ﬂmﬁﬂca%hf‘hé Bmgl i?irétmris'fdm‘&ﬂiiltzted .

ra ) rifie n a anplified fragnment containin
SvaoL BRI dSes itvel Bus plSEd ENK peepargiiag Mdmeniiemuna sel ect on,
resul t(QI&%eH!( RSN SUIRFLINBBRANSAYY PYinglb Blohy PEAIRARIMGI S using Accl (3
fragnments of 2994, 855 and 216 'bp). A few are selected and additionally

anal yzed ud&iesyictipmanalysie is pertprmat sisivg tha bdowingangymes: Bambk Sipdlbt i vel v)

Af Al | rn?&g?gg 2 3 ' '
fragrreérftggi’o fs g%i' %ﬁ%’ ?@8’4?2%!’ %'spfggp 7 \%gﬁ%}?&& f&gﬁbgast?n%ﬁgﬁ@és?%é% ng all
t he ebpdotret] verityingdhe slone ashecarmact pEpo/dhiz€d. i s further checked by

sequengj n verifij | asni.d | esi gnated as p2-dhfr-CDS. 2. Construction
of pE%% dﬁ?‘?emf?fb%tgg%ﬁ"aﬁ1?@#%?’%%@/dhfr 21 p5 plasnid DNA i s di gest ed

wi t h Bamd samway afforpEpolied the sipktreand rdgiéofthe Bpagyepetin EpeAREsEINEi ng t he

2 dnPhargas 31po3fien A GRTeLip GPEHATANS ABAGIECTRUSREIISA 1§ Piediserta vect or

i s gelegtttlin tHeoslrmahagb @ 8OpakHiond-FHEA skt APGNTROEPFGEne AddhinpRfied 4y the DNA
I's dephosphorytated using al kal i ne phosphatase and purified with Am con

M cr Oga;rglbgﬁzrg, ample 1, section 4.2.

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

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

A positive clone is selected to isolate DNA using a "Midi prep" procedure (Qiagen).
An extended restriction analysis is performed using Bamtii, Hindlll, EcoRl, Ncol, Notl, Ps1,
Spel, Sphi, Pvull, Nar. The expected fragments and sizes could be found, verifying the
clone as a correct pEpo/dhfr.

Every single nucleotide of the whole cassette {(SV40early promoter — dhfr gene -
SV40LTpolyA/IVS - SV40early promoter — Epo gene — SV40LTpolyA/IVS) inserted in the
pBR322 vector-part is also confirmed by sequencing.

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



R —

renovers. 2 6 MAY 2006 -37 Both fragnents, the 4053 bp p2-dhfr-CDS vect or
and the 1792 bp cassette fromp5, are ligated (Ligation Express, Clzgwwm}ﬁm
and transforned into E. cofi SURE. Transformants col onies grown on L

suppl enented with 70 ng/1 anpicillin are hybridized using Epo gene
(PCR-product) as a probe. Plasmd DNA_is isolated fromvarious positive
clones and anal yzed by digestion uépﬁg restriction endonucl ease Ncol. A

cl one showi ng the expected fragments (Ncol: 4085 bp and 1760 bp) is sel ected
and desi gnated as pEpo/dhfr-21. For additional purification the DNA is

r et r as®fiox Bpd/nieattpo/dhfrcarid aliBied t(mdeorbhmme)Iip@fﬁbtiplrmdnd(mq:!mhar ed using a

M di ep.  pr cedur froma culture inocul ated by a single col ony
(pEpoF%‘ﬁr&mg?@ %e mﬁé‘é??ﬁ(’%r%gwj Fi tysis is perforned using the follow ng
enzymra]s Baedr, waua@ci DJ25 pgFORRYem?Nr@l 1.5 b??ofebdﬂﬁiréage?ﬁeﬂnz aﬁ@bﬁjus@dﬁhis, | Nar | .

t he expect ragments,and sizes cou e found, ve t he clone as
a cor PM"P&EEJ‘EH?‘@HUP 2%9 Hlsmb ceiiaygr ﬁﬁ?n @@r?@!]? Ata pyeRaidwi HF Cfion t he same
way agodidil TBERRI RBGrstiR SeriRRirk 8 HMEM B ebrethe DRA.- Ema;aiﬁa%édhrﬁi@féwc@dﬂ IS
changed at position -3 referred to the start ATG An additional nucleotide A

i s i nwitb quidikationgnediumuAfter eulivalion fani 24chavssin tae seruppeontaiong MBSt art  ATG
1 T R TS 8 o i, .,
?enet to musrmgarbbthbna:gamﬂfmamon Ethdugem X0 BETX) Befglne pwrepmngdhejwus ar e

| gat e n on | as
{1 oo Pl aT R athBHy.eus ATkt Bho PGS HiRehSEbeaS e Phmifpehe ™
suppl wN'Srﬂoadenmuoh ﬁct}ea@(d twarfpldcand thest pﬂtsleet er8used fatlfyntieest cb%t‘vat&tat I7i ct : 0{1 oA

usi n I r SCreen OSllVE n6|Sseece o isolate
Lol o remsrpiant Sellasols o tainined Hes GBRBson Koads, St BEPWIRE DIBPERIOS NG ol o1 s | &
per f OquﬁrdﬁlbﬂﬂtyBﬂ%fﬂlroteH petdrh ( gﬁﬁ@ﬁém tﬂ&(dnaiy‘ém |the Bpd funciosdiity asPfHe Pvul |,

S

e expected fragnments an i zes coul d be found, verifying the clone
as a SUPFEEeMBEIRPING r . Every singl e nucleotide of the whol e cassette

(Sv4Oear | Wrﬁh@@@ﬁ&{ in- TM&[SKQ%‘&W@@MMEP@Bgzdéb%lneos\d‘fﬁwﬂ:ﬂ &Hﬁt'ﬁmer - Epo
gene - SV40LTpoly /H)QSI nserted in the vector-part is also

conf i anfbH5 BUAI P&%%ﬁ!u'@r‘@ﬁ’ 1 1Bnsh/ E2%2) Pﬂér(?érﬂﬂshéﬁﬂ W%PEBO/Q@%EQ 4#8d from
PEPO/ pESH/aR aRERS! A b dtectin (09/T25/3 and 09/T25/4) per T25-flask.

Additionally five plates are each transfected with 10 pg pEpo/neo, 0.2 pg pEpo/dhfr
and 60 pl lipofectin per plate {09/96/1 - 09/96/5), five plates with 8 ug pEpo/neo, 1.6 pug
pEpo/dhfr and 60 pl lipofectin per plate (09/96/6 - 09/86/10). Plates 11 and 12 are
transfected with 6.25 pug pEpo/neo, 0.08 ug pEpo/dhir and 37.5 pl lipofectin each.

In brief, 0.25 ug DNA/cm?® and 1.5 pl lipofectin-reagent/cm? are used and this
DNAlipid cocktail adjusted to 200 pl/cm? cell iayer.

The series of transfections is mainly done in microtitre piates since previous
experiments show that the number of clones in one cultivation unit is maximum three to five.
This means easier isolation of a monoclonal transfectant than isolation from hundreds of
clones in the T-flasks. Table 1 describes the number of clones per 86-well plate and the
ELISA titers with and without amplification pressure. Transfected cell pools are first
cultivated in selection medium to confluence and then in amplification medium (4.8x10% M
MTX) before screening the cell culture supernatants by ELISA for Epo production.

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

The selection and first amplification steps are done in the 96-well plate and after
screening all ciones, growing in 4.8x10° M MTX, 7 clones are selected, designated



1-5x104 cells per cn2 are seeded in 25cn2 T-flask bottles or 96-wel| plates
the day before the lipofectin transfection is perfornmed. The two pl ?EB”NE’{SZUDB
are mxed at the ratio of 2 6 MAY 2006 -38 50:1 = Epo/ neo: Epo/ dhfr and
allowed to adsorb to the |ipofectin reagent (G BCO BRL) according to the
manuf acturers protocol. In brief, wesdsed 0.25 pg DNA/cn2 and 1.5 pl
| i pofectin-reagent/cn2 and adjusted this DNA |lipid cocktail to 200 plicn®
cell layer. Then the cells are overlaid with the transfection cocktail for
four hours in serumf mediumis repl aced
b

ree DI\/EI\/;D bef ore the DNA-containin
wi t h @YPE/1Fac PYREFPG: O¥P6/2HPe 9/@G45R4v9949§4$“'f1oP9/§§/ﬁ9§1m09 ?949¢/KE6, and
ser UnieRBFcWiRg ProgdRilisy ﬁ%m@eﬁ&i@hﬁmfig gﬁ&érﬁ% WeBteFPSIbISEpd hardtibR&ilE d

cell-pool's are first cultivated I'n se tion medium to confluence and then
i n angsisfandaahremosarogl stabilly exmpa®@dM MTX) before screening the cell culture

_ ™) bel tur
The I i eol b bike <5015 8PS plfg ool e hle BRI Eah B Gl T ™
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Summary and Discussion
The selection of a recombinant, Epo expressing CHO-cell line from the construction of
eukaryotic expression vectors up to the transfection of mammalian cells and isolation of
polyclonal Epo expressing cell pools is described. The analytical basis is set mainty with
ELISA, immunofiuorescence, western blotting and in vitro functionality tests. All these
methods are established in concentration ranges that are capable of screening low
producing cell pool culture supernatants with only ng/mi amounts as well as more stabilized
recombinant cells.
A recombinant CHO-pool is generated, in which the gene copy number is amplified
stepwise with up to 3.8x107 M MTX. These cells can be spiit 1:3 to 1:4 twice a week and

gach time elevated levels of Epo are detected in ELISA.

Example 4 - Further selection of a recombinant cell-line
Recombinant cell-pool 09/96/3D5 is used for further stabilization. MTX concentration is
increased stepwise to 0.38 uM MTX. At this amplification level recombinant 3D5 cells are
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Example 5 - Adaptation to serum-free cultivation medium
The final six recombinant cell-lines from Example 4 are chosen for adaptation to serum-free
cultivation conditions after the last subcioning step.

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

Clones are cultivated for 11 — 13 passages in serum-free adaptation medium before
cryopreservation. Six ampouies 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



reconbi nant cells. A reconbi nant CHO pool is generated, in which the gene
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can be split 1:3 to 1:4 twice a week and each tine elevated |levels 0 po
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Example 6 - Comparison of the recombinant cell-lines
Growth properties of the six cell-lines from Examples 4 and 5 are calculated over several
weeks by determining the cell counts in culture as well as splitting ratios during passaging.
The Epo productivity is tested by ELISA. From that data the specific productivity and
specific growth rate as described above are calcuiated.

Table 4 summarizes the data received under standard cultivation conditions with a
splitting ratio of 1:3 after three days cuitivation.

Cell counts {measured by Coulter Counter) after splitting and after additional three

days are shown.

SDS-PAGE under reducing conditions
The supernatants of the six cell-lines are separated by SDS-PAGE and compared for
differences in the molecular weight. The six supernatants indicate identical SDS patterns
with a smear, commonly seen in such highly glycosylated proteins {data not shown).
The comparable commercial available product migrates as a more distinct band
probably arising from separating distinct bands during down stream processing.
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afterwards 80% of the nediumis renewed daily. Al suspended cells are
returned to the culture. After the adaptation tinme, when nearly ally fcapf Blb
grew i n suspension, the clones are passaged twice a week and cultivated as
suspension-culture. Cones are cultivated for 11 - 13 passages in serumfree
adapt ati on nedi um before cryopreser24 on. Six anpoules with 5x106 cells
each are frozen of every cell-line inliquid nitrogen with serumfree
freezing medium After thawing, the clones are cultivated in 2 6 MAY 2006
-41 Serumfléﬁ?f\l@g@%% I!on medi um Anal ytical characterization to select for
t he produc s done with supernatants in the second or third
passag‘eieaEFe\restéra\bimgnal&malshbuk:lerbﬂéatpbtanhdahiumbdterd‘gmfmntfesmfQ‘ra)vvt h rate [u] -

&plgalgyycéé%{“?'(“% g @Qﬁgl)a}r{oc upReCRBf hat 6 166 on heRyel [?D@g&lﬁ% gener at i on

cont er&bna@seﬁrﬂéwﬂsibw Thaepnaeanstohbralotérwtué\bbutﬂe-baﬁ@ hberﬁ bR &sa Westeeh KlEt grown i n
serumfree grovvt medi a and are % 0 reservatlon is

al so pePr¥imatalyp theomddieehthe &ﬁli?rgﬁ E‘%’Fttbﬁﬂ‘g\ﬂPW@ ”PF'E" this q{\tf" P Spedi um i s
SW t ChRfindPas Sér‘ﬁﬂwurﬁﬁ@r &{@M@ t® Mo BRAGS BRe vTetm if fw‘w&@& Pan of the Il Red i n

gl ucose and am no acids. After 5 passages erent ein and” cel | ul ar
par amsp@psrapleceameraial petiugh gaventeur mam@gnd@tha& r:@m@ppog 1®baDRLMbRISIE C2:

abbr e\(A ﬁéghg‘%gﬂ%gﬁgg%sb&éo udP clone (09/96/3D5/1 HI/4C2; abbrevi at ed

4C2) se npari son of the reconbi nant ceI | -l1ines Gowth
properti es DNA cdrderntiof recdrbihanteells r om Exanpl es 4 and 5 are cal cul ated over

K t t I
ol 1 1 ARG PRET S Brots el e rpr SR bt YA PE ey, £1isa
gr om bha?e:d:&it&néri‘leelt-ﬂﬁ@ sfir ||n (p?rtgnfdmbed bythrdomsmaﬁooungm:mm ideritiy 31’5 4
escri ov ar ul at e S ri ata received under
st and “R?%Y?’ﬁwdifyrﬁﬂ“EF?adﬁe“&? E'W ‘E%%(Pigfiﬂéﬁo of 1:3 after three
days cul ti 'sah-irﬁé]-yaﬁﬂibmﬁgggibﬁ (measured by Coulter Counter) after splitting
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The isolation of recombinant, Epo expressing CHO cell-lines is described herein. After two

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

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

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

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

Example 7 - Cultivation of CHO cells in T-Flasks

Recombinant human Erythropoietin is produced in a Chinese hamster ovary cell line (CHO)
under serum free conditions in T-Flasks. The culture is seeded with a 2.67 x 10° celts/mL.
After a three day incubation period a final cell density of 9.35 x 10° cells/mL is reached (=>
p = 0.42 days™).
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The glucose concentration is kept 'above 1g/L. After 4 days the reactor is filled to

150 L with fresh medium. After day 9 the batch is extended by adding 1875 mL of a nutrient
concentrate containing amino acids, a carbohydrate and a plant derived peptone. After 10
days another 1875 mlL of the nutrient concentrate are added. Two days later (day 12) the
supernatant containing erythropoietin is harvested. '

Example 9 - Production of erythropoietin in a bioreactor without methotrexate

The CHO celi line 6C2 is cultivated in Fed-Batch (Kamp 4 B5-1 and 2) mode in a 5-L -
bioreactor. The medium is as in Example 9. The first bioreactor (Kamp 4 B5-1) is set up with
1.54 ym MTX in the medium, and the second (Kamp 4 B5-2) without MTX.
The glucose concentration is kept above 1g/L. The cells are seed at around 5x10°
cells/mL in 1250-mL medium. The pO; is set to 50% air saturation, temperature to 37°C and
the pH to 7.0 and kept constant during the course of the fermentation. After 2 days the
reactor is filled to 5 L with fresh medium. After day 6, 7, 8, 9 and 10 the batch is extended
by adding 50 to 122-mL of a nutrient concentrate containing amino acids, a carbohydrate
and a plant derived peptone. On day 11 the supematant containing efythropoietin is

harvested.



The best producing clone and easiest-handling is clone 6C2 which is chosen
as production clone. As back-up clone 4C2 is chosen. Both cl ones c%? pﬁYZ%E
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second (Kanp 4 I35-2) w thout MIX gl ucose concentration is képt above 1

g/ L. H18eSa@sf|1§ the bathds) exiended by adding@s enriched nutrient concentrate containing
amino abids, a carbohydrate and a plant derived peptone. On day 11 the supematant

containing Epo is harvested.

The cultivation with a nutrient enriched medium (amino acid, glucose, plant peptone
and phosphate) as well as the pH-shift from 7.1 to 6.9 is found to more than doubls the
final Epo concentration at a comparable glycosylation profile.

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

from animals

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

erythropoietin is harvested.
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Over the course of the cultivation the glucose concentration in the bioreactor is kept
between 3 to 4 g/L.. After 3 days the reactor is filled to 10 L. with fresh medium. After day 6,
7,8,9, 10, 11 and 12 the batch is extended by adding the enriched nutrient concentrate.
On day 13 the supernatant containing erythropoietin is harvested.

Example 13 — Isolation of Epo

Cell Separation .

Recombinant human erythropoietin is produced in a Chinese hamster ovary cell iine
{CHO) under serum free conditions by discontinuous fed batch fermentation. After
fermentation (4x ca. 1+2 batch mode expansion stages in 2 different bioreactors) the
harvest broth with about 200 — 300 mg rhEpo per L is cooled down to 2-8°C and without
any interim storage pericd clarified first by centrifugation via disc stack separator then
subsequently by depth {Seitz Bio10 or Cuno ASOMO08, throughput ca. 300 L/m? filter area)
and 0.2y filtration (PP Polygard 0,1um, Sartobran P, Sartorius or Duropore 0.22y,
Millipore).To avoid high cell lysis and consequently high product contamination with HCPs
(host celt 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



froman animal (like salnmon or human hair) have been replaced by synthetic
am no acids. After 2.5 days the reactor is filled to 5 L with freshemafjlw?agﬁ
After day 5, 6, 7, 8 and 9 the batch is extended by adding a nutri
concentrate containing am no acids, a carbohydrate and a plant derived
peptone. On day 9 to 10 the supernatagg- containing erythropoietinis
harvested. 2 6 MAY 2006 -45 A nedi um not containing any conponents of ani mal
originis found to yield a conparable final Epo concentration. However the

culture gr slo and needs, an. additional, nutri cen t dition.
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ext ended bycasidid'By ARRrEEXdHdHYe (AEX) CHRémERYFEMy ate.  On day 13 the '
supernatant containing erythropoietin is harvest'ed. Exanple 13 - Isolation
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separ & GerarhieyperD F (Biosepra) with good flow characteristics. It is equilibrated with 20 mM

Tris pH 7,5 and 50 mM NaCl. The diluted cell supernatant is then loaded (10 - 15 mg rhEpo
per mL rasin) on the column at a flow rate of 4 — 8 cm/min and the column is washed with
10 = 15 column volumes (CV) with equilibration buffer. The product is eluted by step elution
achieved by changing to a higher conductivity buffer, 20 mM Tris pH 7,5 with 150 mM NaCi.
The peak fractions are pooled and give a yield of about 50-60%.

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

Ammonium Sulfate Precipitation

The capture pool from the previous step is typically further purified by precipitation of
the contaminating host cell proteins with 2.4 M (NH,),SO,. At this AS-concentration almost
no product is found in the precipitate leaving a pure HCP free supernatant which has to be
diluted before the following RPC purification to < 240 mM (NH,).S0,in the RPC load.

The precipitation is performed by adding 1.5 volumes of an ammonium sulfate -stock
solution (4M (NH.)>SO,, 20mM Tris pH 7.5) to one volume of capture pool, incubation for 30
min at 10-15°C and separation of the precipitate by depth (Seitz Bio10 or Cuno AS0MO8)
and 0,2y filtration (Sartobran P, Sartorius or Duropore 0.22y, Miliipore) . In case of high



subsequently by depth (Seitz Biol 0 or Cuno AOSOMD8, throughput ca. 300 Un?
filter area) and 0.2p filtration (PP Polygard 0,1 pm Sartobran P, 2.6 MAY 2006
Sartorius or Duropore 0.22p, MIllipore).To avoid high cell lysis and
consequent |y high product contam nation with HCPs (host cell proteins) it
Is inmportant first to harvest at an-gft4 mal tinme point (ca. 12 days in main
cul ture, oxygen consunption stagnant) and second to use a cell separation
equi pnent 2 6 MAY 2006 -46 specially designed for separation of fragile
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alternatlve t he ction pool is concentrated by ultrafiltrat’ion to reduce
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Pr eci [@i) ruit gnster medium pressure (<10 bar) and b} sanitized with high concentrations of NaOH.

The preferred bed height is between 10 and 15 cm, the recommended load range 8-12 mg
rhEpo per ml packed resin. _

Before the RPC-step the product containing supematant needs to be adjusted to a
final concentration of less than 0.24 M ammonium sulfate . This conditioning can be
performed a) by a subsequent online-dilution step (1 vol rhEpo-supernatant + 4 vol 20 mM
Tris/HCI pH7.0+ 5 vol 50 w% ACN in 20 mM Tris/HCI pH 7.0 during the RPC load or to -
save the expansive organic solvent preferentially again by diafiltration/ concentration (UF
with 10 kDa cutoff) against 20 mM Tris/HCI pH7.0 before the loading step. The column has
been equilibrated before and washed after the ioad with 25vv% acetonitrile (ACN) in 20 mM
Tris pH 7.0. The product is eluted with a linear gradient from 25% to 50% ACN and
collected in small fractions (in particular approx. 0.2 GV, in the alterative, approx. 0.3-0.5
CV) pre-filled with 4 volumes of dilution buffer (50 mM Tris pH 7,0) to immediately reduce
the solvent concentration, which may induce aggregation and impairs the following AEX
chromatography. The fractions of approximately the first half of the elution peak are pooled
to give the RPC-pool, which is further processed. This pool contains the isoforms with the
favored higher degree of glycosylation. By this fractionation regime, des-O-glycosylated



The capture pool fromthe previous step is typically further purified by
precipitation of the contam nating host cell proteins with 2.4 M ( NHGMAPHG
At this AS-concentration alnost no product is found in the precipitate

| eaving a pure HCP free supernatant which has to be diluted before the
following RPC purification to < 240_pM.(NH4)2SH4 in the RPC | oad. The
precipitation is perfornmed by adding 1.5 vol unmes of an amoni um sul fate
-stock solution (4M (NH4)2SO4, 20nM Tris pH 7.5) to one volume of capture
pool , incubation for 30 mn at, 10-15C and separation of the precipitate by
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i nact jyaton by the organic solvent. Source 30RPC (Amersham Bi osci ences)
is a polynmeric resin which can be a) run under nedi um pressure (<10 bar)
and b) sanAnion@kqhamberGfgbanphyations of NaOH. The preferred bed hei ght

oA PRl KB KRR o BB R X M AR e
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sulfate . This con t|0n| be erforned a a su nt
onl | nESITRAIIPRAraRt ASaDihor A s SealBEingpRht o Acroliif Bunamumber of
siaiic acids which is proportional to the grade of glycosylation. A high performance resin is
used, Q-Sepharose HP (Amersham Biosciences), which shows excellent separation
efficiency. The bed height is between 15 and 20 cm. All conditions, such as ioad, gradient
and bed height are defined to keep a rather low product concentration, which otherwise
leads to a significant post-peak during elution caused by solvent induced aggregation of the
product. '
The RPC-pool is loaded with 2-4 mg Epo per mL resin on a Q Sepharose HP
equilibrated with 20 mM Tris pH 7,0. After a wash step with equilibration buffer, the product
is eluted in a 10 CV linear salt gradient from 0 to 300 mM NaCl in equilibration buffer. The
elution peak is collected in 0.1 CV orin 0.25 CV fractions and analytical pools are analyzed
by CZE to find the right fraction pool, which contains the desired erythropoietin isoforms.
The AEX-poo! consists typically of the second half of the elution peak, where the highly
glycosylated and sialyiated isoforms elute.
By using the caplllary zone electrophoresis (CZE) as in-process control, it is possible
to produce a precisely defined mixture of erythropoietin isoforms even if the source contains

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

systems.



Tris/HC pH7.0+ 5 vol 50 W06 ACN in 20 mM Tris/HC pH 7.0 during the RPC | oad
or to save the expansive organic solvent preferentially again by m&ﬁ MAY 7005
diafiltration/ concentration (UF with 10 kDa cutoff) agai nst 20

Tris/HCl pH7.0 before the | oading step. The colum has been equilibrated
before and washed after the | oad widg 25w acetonitrile (ACN) in 20 MM Tris
pH 7.0. The product is eluted with a linear gradient from25%to 50% ACN and
collected in small fractions (in particular approx. 0.2 CV, in the
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SEC-pool. '

Nano-Filtration

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

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

chromatography.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the invention



and bed height are defined to keep a rather |ow product concentration, which
otherw se |eads to a significant post-peak during elution caused by gSAYVAIEt
i nduced aggregation of the product. The RPC-pool is |oaded with 2-4 ng Epo
per mL resin on a Q Sepharose HP equilibrated with 20 M Tris pH 7,0. After
a wash step with equilibration buffesg.the product is eluted in a 10 CV
linear salt gradient fromO to 300 MM NaC in equilibration buffer. The
elution peak .is collected in 0.1 CV or in 0.25 CV fractions and anal yti cal

| lyzed, b E.to,find t i ght. fracti | . whi.ch t ai
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highly sialylated isoforns, due to different fermentati on conditions or host
syst emedesios camying 0oBthwliRvetion which aie gaparepbiothesenskifiedtin mategyias biolegy
separglibithd fASOEEineRlied!td bEMfth th€ B thé rdibliRd dupARt [tative results on
every single 1soformin eac raction. "This 1nforndtion enabl es pooling of
specific fractions leading to a consistent isoformprofile frombatch to
batch. Typically the early eluting, less sialylated isoforns are onmtted by
pooling only the later eluting fractions. Size Exclusion Chronatography In
a |last chromatographic step the AEX-pool is polished by size exclusion,

whi ch renoves potential dinmers and hi gher aggregates, and perforns a buffer
exchange for the final fornulation. The Superdex 75 prep grade (Pharnacia)
used in this step has a good resolution even at higher |oad volunmes up to
15% of the columm vol une. The preferred bed height is between 60 and 80 cm
As it is not possible to run the AEX-chronmat ography 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 perfornmed by an
ultra-filtration step using a 10 kDa UF-nenbrane |eading in an about 10
fold concentrated UrF-retentate with approx. 10 ng erythropoietin per mni.
About 3-7 CV% of UF-retentate are directly | oaded onto a Superdex 75 pg
colum preequilibrated with 20 nM Na- phosphate pH 7.0, 75 mM NaCl . After
approx. 1 - 1.5 CV



t he product starts to elute fromthe colum and the elution peak is

collected to give the

virus | oad

This filtration is performed with a speci al
as 15 nm such as gfhe Pl anova 15N (Asahi).
nanofiltration units are PALL Utipor VF Gade DV20 or
Especially for small
éﬁﬂﬁrOf virus renoval or

particles as small

dead- end

Viresolve NFP cartridges or

vir “Ser%b%e% Sec
i on.

with a suitable

eianaed

i nactiva

subst
UF-co

an addi ti onal

cﬁ’rﬁ%i%gé{zj ¢y

sterl

P¥hd the s

SEC- pool .
dead-end virus-filtration step is

b Sui f
B e pi BB, SPane8 s
menbrane and the filtrate represents the fina
tnatively the nano- filtration can be inserted between the

chr omat ogr aphy. Al |

Nano-Fi | t

capsul es.

i ze excl usion

ration

nmenbr ane, desi

over

To renove a potent

hal
i mpl emen?g(ﬁm 1006

gned to renove
Al ternative
MI1lipore
non- envel oped

a dead-end filter
bul k drug

publ i cations

mentioned in the above specification are herein incorporated by reference.

Vari ous no

jfications and variations of

I

e _describhed net

ods and system of

the i nvent
w t hout de
i nvention

teamsfeationny 2006
parting fromthe
has been describ

3 12

nugsber;aof iclangsapp
g and spiri
connectio

R 9:6x10” MMTX

lughofoRfied 7 ")

killed in the art
ion. Although the
referred

enbodi nent
not be und

DO/T2A5/ 5 (B0 )d be

1RV Limted to

liager st ood t hat

such snecific e

o

fic
NS
odi

I nvention aj

cl ai med shoul d
d, various
i nventi on which

modi fi cat i 985252 (59 )descrf!88d nodes for |@drying out thg
are appar eggrI3 B Sk T ot ecuan ;o ogy—or— 1 et
i nt ended tgbbe \llﬁthl n_the iscope of the fol P?\/‘\"A ng clains. 2
Tabl e 1: ri@edigsihent) CHO ci8dBs: transfectilorss with Epo/ ne
transfecti i

ated fields are
6 MAY 7006 -51-

and Epofdhfr T25
X per '

T25(pg/ 10$cel | s/d] 09/ T2511 (50:1)1360.16 09/ T25/2 (50:1)1072.6 09/ T25/ 3
(5: 1) 4894kIl#ansfections

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 7ES
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/ T25/4 (5:1)6480.9 96-wel |l transfections transfectionnunber of clones

sel ected clone per plate 09/96/1 (50:1)471 F5 09/96/2 (50:1)46 09196}5},\4’9‘*,2
(50:1)50505, 3H5 09/96/4 (50:1)52 09/96/5 (50:1)495D4, 5H4 09/ 96/ 6 006
(5:1)4166C5 09/96/7 (5:1)5567E9 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 -(525: 1) 6012A9 2 6 NMAY 2006 -52
Amplification of different clones O [pg/1l0cells/d] clone9.6x10 M MIX1. 9x10'
M MIX3. 8x10° M MrX 09/96/1 F51111.417.1 09/ 96/ 3D58. 414.411. 4

09/ 96/AHEiRicalidn bt ifferali SBhaD44. 93. 83. 6 09/ 96/ 5H14. 77. 16. 7

09/ 96/ 6C54. 23. 83. 6 09/ 96/ 7TE95. 58. 88. 9 09/ 96/ 12A96 Tabl e 2: Subcl oni ng
conditions and plating efficiencies of cell-pool 3D5 with 0.38 pM MI'X Nunber
of 96 wett—Number—of WOcellsld]

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 47 74 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 piating efficiencies of cell-poo! 3D5 with 0.38 uM MTX

Number of 96 well

Number of seeded

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




% grow ng wel |l s% single clones platescells/well

Nunber of 96 well

25 (no.

6- 30) 1013%7% 5( no.
1-5) 20249%%4% 2 6 MAY 2006 -53 Table 3: Subcloning conditions and p
ef ficiencies of Subclone 3D5/1 HO and 3D5/18E5 with 1.54 pM MIX 3
Nunmber of seeded % % pl at escel | s/ wel | growi ng wel | ssingle

'Dg; Bl'ﬂ% 2006

clones 8 (no. 9-16) 10 6.4% 85% 8 (n&3-1-8) 3019%46% 3D5/ 18E5 Nunber of 96

wel |

Nunmber of seeded % growi ng wel | s% si ngl e cl ones pl atescel | s/ well

9- 16) 415%6% 8 (no.
properhkhies: SLbLIBAD

numnber _2%172. 67%. S?gh

Fi nal W[5

8 (no.

1- 8) 829%14% Tabl e 4. Specific productivity and growth

bAGINENSEKY Slhfine sffitieRE62 P8GR SES PR laracaths gxk cel |
712.382.16 [x 105 celis/m| 7.279.358.82.616.416. 15

3D5/1HS

Number of 96 well  Number of seeded % %

plates celis/well growing welis single clones
8 (no. 9-186) 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 ciones
8 (no. 9-16) 4 15% 56%
8 (no. 1-8) 8 29% 44%

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

4C2 6C2 6D4 15B4 7A6 15C3
Inoculated cell number 217 267 289 0.7 2.38 2.16
[x 10° cells/mi] ' |
Final cell number 7.27 935 88 261 6.41 6.15
{x 10° celis/mi]
Specific growth rate 0.4 042 037 043 033 035

b [days ]




[x 105 cells/m] 0.40.420.370.430.330.35 Specific growh rate p [days

MAY 2006 -54 Cains 1. A nethod for producing a transforned eukaryoqquﬂpﬁ%
cel | which expresses a reconbinant polypeptide of interest which nmeth
conprises introducing into a eukaryotic host cell: (a) a first

pol ynucl eoti de vector which conprises (i) a first nucl eotide sequence which
encodes a reconbi nant pol ypeptide of interest, and (ii) a second nucl eotide
sequence encoding a sel ectable marker, which second nucl eoti de sequence is
anpl i fhgghavhen the host cell is contacted with a selection agent, and (b) a
second pol'ynucl eoti de vector having essentially the sane nucl eoti de sequence
as the first polynucleotide vector except that the second nucleotide

sequence is replaced with a third nucl eoti de sequence whi ch encodes a
di ff erbnt Agethoddpr @Odﬁ%lﬁ&érfraﬂﬁiﬁ?émﬁﬁ’ edifarptichestealiovhiele exrressss aand second

pol yn%h@rg&g?ﬂ PEReBlidd S iR rd <t WhEhah&Hod E&rﬁpﬁi&‘% intPEIRIFS ith atélﬁ-(aHBﬁE cell.

The net claiml erein the second nucl eoti de sefuence encodes a
di hydrissbeelt e reduct ase pol ypeptide and the sel ection agent is rret hot r exat e.

3. The rret ; I P i rest is
human eryt %?ao@%}[ 'g{’ d@leji)t ﬂ@ﬁ%&h@\{vh@g coﬁﬁﬁ{ga%: (ﬂ?ﬁﬁrs rcgélyrﬁla% hg&f ncﬁcl eoti de
sequence emspoelies & wspwmbinaotpelypeptide ahintemessx angl (ifba sﬁfcmwdnmcmad%emempm 4

wher el N B0k bl QLeiabis FaddP wiEBEGhT n Gk A JobBL &g o] Bbb OF the

neonyci n group clai m ere h I nese
hanst er ovarnwhc(atlelé)) iscehtacted with & selesticoragedt, @ollar yoti c host cell conpri sing,
i ntegrated

wni oh sonpiebEBRs plvpHediiasi-RERRAES BasrBRnAng srll MR s8 et o nans
pol ypept i dasdtie finst polgaiclectidel véctd) exaepethainttie sachreliucibntise gaguenee is
replaced with a third nucleotide sequence which encodes a different selectable
marker;
the first polynucleotide vector and second polynuclectide vector being integrated into the

genome of the host cell.

2. The method of claim 1 wherein the second nuclectide sequence encodes a
dihydrofolate reductase polypeptide and the selection agent is methotrexate.

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

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

5. The method of claim 4 wherein the antibiotic is G-418, neomycin or a different

antibiotic of the neomycin group.
6.  The method of claim 1 wherein the host cell is a Chinese hamster ovary (CHO) cell.

7. Atransformed eukaryotic host cell comprising, integrated into one or more
chromosomes:
(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



-55 2 6 MAY 2006 encoding a sel ectable marker, which second nucl eoti de
sequence is anplified when the host cell is cont acted wth a sel ectzlﬁq\@AY 2008
agent and (b) a second pol ynucl eoti de vg&rtor having essentially the

nucl eoti de sequence as the first polynucl eotide vector except that the
second nucl eoti de sequence is replaced with a third nucl eoti de sequence

whi ch encodes a different selectable marker. 8. The host cell of claim?7
wherein the second nucl eoti de sequence encodes a dihydrofolate reduct ase
pol ypeptid Tkl i ypepti de
of inter estee ncgdmgla"seﬁ‘égibéef@t% !'kr?P W%éﬁér%gzﬂ\oﬁg?égﬂé Iééa? C a| m égﬁ%s a CHO
cell. 11. Mﬂb@ﬁ@élf&ﬁonﬁﬂm‘dﬁmg saleckiaroagsinhamd pol ypepti de of interest which
met hod co I of

ol aims 7 ook SEeond olysbBEds Lo et TEHscHialy £] sorEhRIchER ok a%

nucl eot i de aséhiérst polyn&lectide veetbhextept that thiersetandihesieitidetshguéneetis cel | i s
cultured i | flcatlon of
t he secondr}%@g? {vﬁﬁ%%ﬁ@q@]&:}%&ﬁg g&ﬁ#ﬁgwr&% (t‘fo%%aéf‘ ﬁ}eﬁ%el@ rel n the
second nuclresrkede sequence encodes a di hydrofol ate reduct ase pol ypepti de
and the selection agent is nethotrexate. 14. The nethod of claim 11l wherein
t he reconbi nant pol ypeptide of interest is erythropoietin. 15. The nethod
of cl ag.m IThewhst eélhofthme?theeB-etde seconiriutiEntide séguzepe ieleodsks d nterest i s
secret@é\é an%t e cu turle dium 16. The method of claim15, which further
conpr i rofgEly, '?rdf"ﬁﬂjs?ﬁgygéﬁpgssed reconbi nant pol ypeptide of interest from
the culture medium 2 6 MAY 2006 -56 17. The method of claim 16 wherein the

reconbj na ol tide jnterest is t hropojetin. 18. A transforned
ol 9-an insdost BT oA whis S bec it Ay SEP RIS TERESTP ot o
chr onogiomeshoidtia) @ pol ynucl eoti de sequence whi ch encodes a di hydrofol ate

reduct ase pol ypeptide and erythropoietin, and (b) a pol ynucl eoti de
sequence, which is distinct fromthe

10. The host cell of claim 7 which is a CHO cell.

11. A method for producing a recombinant polypeptide of interest which method comprises
culturing a transformed host cell according to any of claims 7 to 10 under conditions that
permit expression of the first nucleotide sequence.

12.  The method of claim 11 wherein the host cell is cultured in the presence of a selection

agent that causes amplification of the second nucleotide sequence.

13.  The method of claim 12 wherein the second nucleotide sequence encodes a
dihydrofolate reductase polypeptide and the selection agent is methotrexate.

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

15. The method of claim 11 wherein the expressed recombinant polypeptide of interest is

secreted into the culture medium.

16. The method of claim 15, which further comprises recovering the expressed
recombinant polypeptide of interest from the culture medium.



pol ynucl eoti de sequence of (a) and which encodes erythropoietin and a

pol ypeptide which <confers resistance to an antibiotic. 19. A ”EthOQEfHAYZWB
produci ng reconbi nant human eryt hropoi e§g n whi ch nethod conprises culturing
a host cell according to claim18 under conditions that permt expression of
the polynucl eoti de sequence encodi ng human erythropoietin. 20. The net hod
of claim19 wherein the host cell is cultured in the presence of

nmet hotrexate. 21. The nethod of claim 19 wherein the expressed reconbi nant

POl Y PeRY | g8 d HePUHim! 5 wASSARE feck el Boifpddhidh & PRElblTy 22, The et hod

of claim2 urther conprises recover e expressed reconbi nant
pol ypeptithfep@étin.nt erest fromthe culture nedium 23. A conposition
conprising: (a) a first polynucleotide vector which conprises (i) a first
nucl eoti de sequence which encodes a reconbi nant pol ypeptide of interest,
and (i it} aAdeneftdmad olzaohalds hostoshoeprisiigstehhimtegrated gmatood or mavse t he host

cell gen ' LT t t ' ] ] el ection
agent “ENBoskRel Bl a skl Re 2GR pudsiien E BOBRIMIsE ) 2
secondpplgpspiide laadtergteropeietiorantat) agolyssdedtidalseyuérive, whith indistims fiocdhetheequence
as the firs ql ynucl eot | vector. except that the second nucleoti.de
2 queneehEiedis AR o 1 A e FRierBs ebdRoetiffi AEER BRVBRAIEMIEE .
di f f er egprifesaksictanbd © armatiotdtic. - 57 2 6 MAY 2006 24. The conposition of claim
23 wherein the reconbi nant pol ypeptide of interest is human erythropoietin.
19. A method for producing recombinant human erythropoietin which method comprises
culturing a host cell according to claim 18 under conditions that permit expression of the
polynucleotide sequence encoding human erythropoietin,

20. The method of claim 19 wherein the host cell is cultured in the presence of

methotrexate.

21.  The method of claim 19 wherein the expressed recombinant polypeptide of interest is

secreted into the culture medium.

22. The method of claim 21, which further comprises recovering the expressed
recombinant polypeptide of interest from the culture medium.

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

marker.
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24. The composition of claim 23 wherein the recombinant polypeptide of interest is human
erythropoietin.



