I n-process control in a nethod for producing EPO 5 [0001] The present

I nvention relates to a nethod for the detection of erythropoietin,
especially for the in-process control of culture supernatants of

eryt hropoi eti n-produci ng eukaryotic cells during the fernentative
production process. The process is especially characterized in that the

I sof orm conposition of the produced erythropoietin can be directly
determined with the help of a 10 special nethod of isoelectrical focusing
(IEF). Together with the data obtained fromthe determ nation of the
erythropoietin content (preferably by neans-efELISA—thequali-ty—of the
synt hesi zed raw product can al ready be eval uated during or directly after
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are used. [0002] Erythropoietin, abbreviated EPO, is a glycoprotein with a
nol ecu- | ar weight of about 34 to 39 kDa. It consists of an unbranched
pol ypeptide chain wth 165 am no acids and an O-gl ycosidically bound (Ser
126) and three N- glycosidically bound (Asn 24, Asn 38, and Asn 83) sugar
si de chains (carbohy- 20 drate portion) The side chains consist of the
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10 special method of isoelectrical focusing (IEF). Together with the data obtained

from the determination of the erythropoietin content (preferably by means of
ELISA) the quality of the synthesized raw product can already be evaluated dur-
ing or directly after the fermentation process and thus the subsequent purifica-
tion process can be controlled. This is especially advantageous when perfusion

15 reactors are used.

[0002] Erythropoietin, abbreviated EPO, is a glycoprotein with a molecu-
lar weight of about 34 to 39 kDa. It consists of an unbranched polypeptide chain
with 165 amino acids and an O-glycosidically bound (Ser 126) and three N-
glycosidically bound (Asn 24, Asn 38, and Asn 83) sugar side chains (carbohy-
20 drate portion). The side chains consist of the monosaccharides mannose, ga-
lactose, fucose, N-acetylglycosamine, N-acetylgalactosamine and N-

acetyineuraminic acid.

[0003] Erythropoietin can occur in different isoforms. This variance of the
molecular weight of erythropoietin is due to the heterogeneity of the sugar
25  chains which are terminally linked with neuraminic acid derivates. By means of
different lengths and branches of the chains a variety of “sugar branches” can
be constructed which result in the characterisation of all isoforms of an EPO

molecule.



stinmulates the formation of erythrocytes in the bone marrow. In case of
renal failure the damaged ki dneys do not produce enough or any EPO at al
wher eby not enough erythrocytes are derived fromthe stemcells of the
bone marrow. 5 This renal anaemi a can be treated by adm nistering
physi ol ogi cal anmounts of EPO which stinulate the formation of erythrocytes
in the bone marrow. The EPO used for adm nistration can either be obtained
from human urine or can be generatedzby neans of nethods of gene
technology. Since EPO is contained in the human body only in very snal
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[0006] In a batch process the medium and the cells are introduced into
20 the bioreactor at the beginning of the cultivation. Until the cultivation has been
completed neither nutrients are added nor cells are removed from the fer-
menter, only oxygen is added. When one or more substrates are consumed the
process is terminated and the products are harvested from the fermentation

supernatant.

25  [0007] The second known cultivation process is the continuous process
during which fresh medium is continuously fed into the reactor and the product
is removed from the fermenter accordingly. This leads to a continuous supply of
nutrients whereas at the same time undesired metabolites such as the growth-

inhibiting substances ammonium and lactate are removed or diluted. Thus, with



10 [0008]Finally, the third possible process is the fed-batch fernmentation
where the cultivation is started with a fractional anmount of the whole
fermenter volume and after a short growh period fresh substrate is added.
Thi s makes higher cell densities and | onger process periods possible
conpared to the batch process. Another advantage of this process is the
fact that the netabolismof 15 the cells can be influenced by the extent
of feeding which can |lead to a | ower- producti on of waste substances.
Conpared to the continuous process the product of the cells is accumul ated
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20  [0009] Extensive chromatographic purification processes are coupied to
the fermentative process so that an EPO can be isolated from the supernatants
which can be therapeutically used and which corresponds to the standard de-
fined by the European Pharmacopoeia (Ph.Eur.; 01/2002:1316) or the Guidance
on Biosimilar Medicinal Products Containing Recombinant Erythropoietins

25 (EMEA/CHMP/94256/2005). In this regard the state of the art is described in a
variety of processes such as in WO-A-05/121173, EP-A-0 228 452, EP-A-0 267
678, EP-A-0 830 376, EP-A-1 127 063, WO-A-03/045996, EP-A-0 428 267 and
wW02005121173.



20 [0012] The binding of the antibody to EPOis reversible since it is
based on non-coval ent interactions and thus can be reversed for exanple by
means of changes of the pH value. In the double-blotting process the

anti bodi es which are bound to the erythropoietin are transferred onto a
second nmenbrane: in an acidic environnment the antibody changes the
conformation of its binding domain 25 and when an electric field is
appl i ed the nonocl onal antibody dissogiates fromthe EPO nol ecul e and
noves through the electric field in direction of the cathode where it is
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present EPO molecules. Other proteins do not react with the antibody. Mono-
clonal antibodies which are not bound to EPO can be washed from the mem-
brane since the rest of the membrane surface has at first been blocked by an

unspecific protein.

20 [0012] The binding of the antibody to EPO is reversible since it is based
on non-covalent interactions and thus can be reversed for example by means of
changes of the pH value. In the double-blotting process the antibodies which
are bound to the erythropoietin are transferred onto a second membrane: in an
acidic environment the antibody changes the conformation of its binding domain

25 and when an electric field is applied the monoclonal antibody dissociates from
the EPO molecule and moves through the electric field in direction of the cath-

ode where it is bound to a second membrane.

[0013] The EPO molecules as well as other non-specific proteins remain

on the first membrane since the binding to the first membrane is not influenced



25 the quality of the EPO raw product (Wmer et al., Cytotechnol ogy 1994,
16, 137-146). [0017] The nethods for the detection of erythropoietin
disclosed in the state of the art are, however, too conplex and not
suitable for an in-process control in the fernmentative production of
erythropoietin. - 6 - [0018] The object of the present invention is to
offer a sinplified and im proved nethod for the detection of
erythropoietin which is used in the-i;- process control and in which the
process nmakes it possible to characterise the culture supernatants from
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during which a colour reaction occurs.

10 [0015] The second transfer is necessary due to a reduction of un-
specific signals since the enzyme-marked secondary antibody can not react
unspecifically with other parts of the sample on the first membrane. Furthermore
an amplification of the signal and a related increase of the sensitivity by means
of multipie bonds of the antibody-enzyme-conjugates to the first antibody is

15 possible. A disadvantage of the double-blotting process is the considerably

higher consumption of material and time.

[f0016] Thus, methods for the detection of erythropoietin are disclosed in
the state of the art and are well-known to a person skilled in the art but for the
detection of erythropoietin either the considerably more complex double-blotting

20 process is used as described above (Chuan et al., Cytotechnology 2008, 51,
67-79:; Hollaender et al., Laborpraxis Dezember 2004, 56-59; Lasne, Journal of
Immunological Methods 2003, 276, 223-226) or, when using the electrical fo-
cusing process, only a part of the necessary pH range is displayed on the gel so
that the selectivity in the separation of the isoforms is not sufficient to evaluate

25 the quality of the EPO raw product (Wimmer et al., Cytotechnology 1994, 16,
137-146).

[0017] The methods for the detection of erythropoietin disciosed in the
state of the art are, however, too complex and not suitable for an in-process

control in the fermentative production of erythropoietin.



ies. [0019]In a preferred nmethod first antibodies which are directed

agai nst 20 erythropoietin are bound in step ¢c) to the erythropoietin which
is bound to the nenbrane wherein the binding of these first antibodies to
the erythropoietin which is bound to the nenbrane is detected while the
first antibody is bound to the erythropoietin which is bound to the

menbr ane. [0020] The advantage is that the binding of the first antibodies
to the 25 erythropoietin which is bauyd to the nmenbrane is detected by
means of second anti bodi es which are directed against the first

ant i bodiggrgr - 7 ThBAUHIECL 8t hBeprEBERN MUBNAAS i< fRAbfTres efrpRd agiies whi ch
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t hat t hdisslasessis the stataiaidhe 8 he i nvention can be used for the selection
of fernmentation fractions before the purification process. So far a
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literature. Tt 1's particularly advantageous that with the isoelectrical
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i n cont eaghropdietirspoydUdingaeukaryobe eebnpl ex doubl e-bl otting process is
used for the detection. [0024]In a preferred nethod an enzyne, preferably
al kaki n@)phosransferring the proteins comprised and separated in the gel to a mem-

brane;

C) verifying the erythropoietin bound to the membrane by specific antibod-

ies.

[0019] In a preferred method first antibodies which are directed against
20  erythropoietin are bound in step c) to the erythropoietin which is bound to the
membrane wherein the binding of these first antibodies to the erythropoietin
which is bound to the membrane is detected while the first antibody is bound to

the erythropoietin which is bound to the membrane.

[0020] The advantage is that the binding of the first antibodies to the
25  erythropoietin which is bound to the membrane is detected by means of second

antibodies which are directed against the first antibodies.

{0021} This means that in the process according to step c) first antibodies

which are directed against erythropoietin bind to the erythropoietin which is



25 phatase, is covalently bound to the second anti body which causes a
reaction of colour by neans of the catalytic reaction of a substrate.

Thus, for the colorimetric detection of EPOit is preferred to apply two
anti body solutions to the menbrane, the second antibody containing an

al kal i ne phosphatase, so that |later a substrate of said enzynme can be used
as colourant reagent. Especially pre- - 8 - ferred is the use of
anti - EPO- nbuse and anti - nouse-19G i n7conbi nati on with BCl P/ NPT

(5-brono- 4-chl oro- 3-i ndol yl phosphate / nitrotetrazolium bl ue).
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preferred that the solution contains 0.1 to 1.5 % by weight, preferably

0.5to 1 %by weight, nore preferably 0.6 to 0.8 % by L. ght. of the
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be used for the selection of fermentation fractions before the purification proc-

ess. So far a comparably simple and efficient method has not been described in
15 literature. It is particularly advantageous that with the isoelectrical focusing proc-
ess according to the invention a pH range having a lower limit of 2.5 to 3.5 and
an upper limit of 5 to 8, especially a pH range from 3 to 6, is displayed on the
gel so that the necessary selectivity in the separation of the isoforms is suffi-
cient to assess the quality of the EPO raw product. Further, in a preferred em-
20 bodiment the process is simplified to such a degree that the erythropoietin can
already be detected after a single protein transfer (blot). In the state of the art, in
contrast, the significantly more complex double-blotting process is used for the

detection.

[0024] In a preferred method an enzyme, preferably alkaline phos-
25  phatase, is covalently bound to the second antibody which causes a reaction of
colour by means of the catalytic reaction of a substrate. Thus, for the colorimet-
ric detection of EPO it is preferred to apply two antibody solutions to the mem-
brane, the second antibody containing an alkaline phosphatase, so that later a

substrate of said enzyme can be used as colourant reagent. Especially pre-



the first antibody solution is carried out twice and in between a washing
proce- dure conprising four steps is carried out. Here, preferably TBST
(Tris-Buffered- 25 Saline-Tween) and TBS (Tris-Buffered-Saline), a
diluted, aqueous, organic acid, is used. Especially preferably a diluted,
aqueous acetic acid is used and even nore preferably a diluted, aqueous
acetic acid within a concentration range of between 0.5% and 1% is used.

- 9 - [0028]In one preferred nethod_g poly(vinylidene fluoride) nmenbrane
is used as a nenbrane. In a preferred way a nenbrane is used for the

blott i nge iy 61 the (W1 4G B ML LAY ArtEmobiseasGahl dombRiaonaditi s a

m cr oporous poly(vinylidene fluoride) nenbrane (PVDF) and even nore
pr ef er r @CIPINPTE5Hvemb-4rshidros8-Rdblviphdsphateehnitratrirazolivr piupbr e Conpany.
[0029] I n anot her preferred nmethod pol yacryl am de gels, which are ap- plied

to an i carrier foil, are us Q e ectri MaTol .
Prefer azﬁéﬁf]st andgpgﬁggﬂoﬁowac‘?@%ﬁrﬁ déﬁ%e?ﬂse?q\ﬁ%i @hmﬁ@%%ﬁ?\'ﬁ!{ 0 aEr iO(rigfts
carrier phahd wit ffirsTaftibely RAHiYIE T Girectatieagiest drgthropeietikloncEsproiral |y
preferred are gels whose pH gradient is fornmed in the electric field by

means ofstsemar of washingharey pegorped AnsopebgamIeatly & TuthergngHRaiPR QE{Re of t he
conpany Serva. [0 i gyt - d S . ali he pH
val o e e it B bty S 1o S BiEh S Srthrrii Klart = E S
to pH 6ried dlteTHR! délble vy manipleticubatidn Hb this megnbizseewithlthy antibbdyred i s
the use of ServalytTM 3-6 of the 15 conpany Serva. L (%31 I n a further

pr ef er r ddigheisrditedterd agaipsh eBABIOPOISINCBHREFF €iMYS SRR %% YEIRRMEN A om &

cul tur e ysURGEOAL 3RlibOdy-RLAiBNIRYRIE el SEEM el ¥PiHeCspecific sig-

10 nal for erythropoietin.

[0026] In an especially preferred method at least one solution used during
the steps of washing which follow an incubation of the membrane with the first
antibody which is directed against erythropoietin contains an organic acid in an
aqueous medium. In this way unspecifically bound antibodies are again re-
15 moved from the membrane and possible free bonding sites on the blotting
membrane are blocked. All in all this considerably increases the selectivity of
the bands. It is preferred that the solution contains 0.1 to 1.5 % by weight, pref-
erably 0.5 to 1 % by weight, more preferably 0.6 to 0.8 % by weight of the or-
ganic acid. In particular the organic acid can be mono-, di- or tricarboxylic acids
20 (such as acetic acid, propanoic acid, lactic acid, succinic acid, ascorbic acid,

adipic acid or citric acid), especially preferred acetic acid.

[0027] As mentioned above in one preferred method the incubation with
the first antibody solution is carried out twice and in between a washing proce-
dure comprising four steps is carried out. Here, preferably TBST (Tris-Buffered-

25  Saline-Tween) and TBS (Tris-Buffered-Saline), a diluted, aqueous, organic acid,
is used. Especially preferably a diluted, aqueous acetic acid is used and even
more preferably a diluted, aqueous acetic acid within a concentration range of
between 0.5% and 1% is used.



cells grown in perfusion reactors. Preferably the

eryt hropoi etin-conprising sam ple is desalinated and if required
concentrated before the isoelectrical focusing 20process. [0032]1n an
especially preferred enbodi nent of the nethod according to the invention
the i sof orm conposition of the erythropoietin is determ ned during
fermentation. [0033]As well preferred is the use of an ELISA test in order
to determ ne 25 the EPO content of thg.culture supernatants. Especially
preferred is the EPO ELI SA test of the conpany Roche Diagnostics. - 10 -

sour ces &%993% equer loret prMSHEd Ifénbat® palygliaPiddreantond) Mentrahéne and
costs. t I"ater than 24 hours after obtaining the sanple of a culture
super natuset aseagnemboana Ipea fusfeoreds wayentremiyangris dised, for the Hiottieg deci ded

whet her g.pur.ficat.ion, of .the fernentati ' Kk h
il NG N e e T et
avai | abl@nFrvpRitry 8devidd) mBmblans SRVDE) lad) evisti Mese peefeatarienie Imet eri al .
[ 0036] The ‘i nvention furthernore provides a nethod for in-process con-

t r ol 5of mepilon-B-tieties memhtanawi Milinare &9raPany.r om t he fermentati on of
eryt hropoi - 10eti n-produci ng eukaryotic cells conprising the foll ow ng

steps: [0029] In another preferred method polyacrylamide gels, which are ap-
plied to an inert carrier foil, are used for the isoelectrical focusing process. Pref-

erably, standardised polyacrylamide gels, which are bound to an inert carrier

foil, e.g. made of polyester, are used for the IEF. Especially preferred are gels

10 whose pH gradient is formed in the electric field by means of carrier am-

pholytes. Even more preferred are Blank PreNets of the company Serva.

[0030] In particular it is preferred that to adjust the pH value of the gel
ampholines are used which édjust a pH range from pH 3 to pH 6 in the gel dur- '
ing isoelectrical focusing. Especially preferred is the use of Servalyt™ 3-6 of the

15  company Serva.

[0031] In a further preferred method the erythropoietin-comprising sample
originates from a culture supernatant of erythropoietin-producing eukaryotic
cells grown in perfusion reactors. Preferably the erythropoietin-comprising sam-
ple is desalinated and if required concentrated before the isoelectrical focusing

20 process.

[0032] In an especially preferred embodiment of the method according to
the invention the isoform composition of the erythropoietin is determined during

fermentation.

J0033] As well preferred is the use of an ELISA test in order to determine
25 the EPO content of the culture supernatants. Especially preferred is the EPO

ELISA test of the company Roche Diagnostics.

[0034] The method according to the invention results in an EPO produc-

tion process which requires considerably fewer machines and human re-



a) determning the isoformconposition of erythropoietin according to the
nmet hod for detection of erythropoietin according to the invention as
descri bed above; b) determ ning the content of erythropoietin in the
sanple, preferably by 15 neans of ELISA; <c¢) selection of the fernentation
solutions for the purification of erythropoietin with the help of the

val ues and information obtained in steps a) and b), or continuation of the
fermentation. [0037] The nethod is espgcially characterised in that the

i soforrn conpo- 20 sition of the fernentati on supernatants can be directly
det er m gggrqskst Bor‘is_h%}déﬁh? tinsPatFREAIRA sighiRlaRE baviaglof tinrushdgosts ONBs S

(IEF). Together with the data obtained fromthe determ nation of the EPO
cont ent later tiaer2bhgursyaftes aitaipingthesamplrof erolyiastpemaantne o #8pr oduct

can al ready.be eval uated duri ofr direc ' ;

f er ment StHCHSHHELETFE ﬁ{?gggﬁ’eﬁ g%%ggq%égﬁqé%gﬁﬁ]%ca 'ff%%t'g'fr‘é’tf:@& can be
cont r ol k&thentBlst SoRitioANmekek heeridegrng HA0 3B Fpwgificatidn girovessa chhdie of
different EPO fractions (fraction 1 to frac- tion 5) on a nenbrane after
i soeb ecepnalied.ocusi ng and devel opment. The sanple originates fromthe
perfusion fermentation of an erythropoietin-producing 5 CHO cell |ine over
a perio 47 days. : O¢ r el \ n CHO
cells. %(Segsfier men atclogﬁﬂ %‘%Q{r %ﬁbgﬁt Evl\'/? ?éu@t E?tihaglég(yﬁf @ng gﬁ%ﬁﬁ?g)ed

pr ocedusesresasiesencnbe dndteriabukaryotic cells, in particular CHO cells, in
patent and scientific literature. The cultivation takes place in the

Comoncht&The nibedBrSiiar e T it ORI nPERoRe8T X o o

up to 5@ofa¥ulture supernatants which originate from the fermentation of erythropoi-

XD

10 etin-producing eukaryotic cells comprising the following steps:

a) determining the isoform composition of erythropoietin according to the
method for detection of erythropoietin according to the invention as described

above;

b) determining the content of erythropoietin in the sample, preferably by
15 means of ELISA;

C) selection of the fermentation solutions for the purification of erythropoietin
with the help of the values and information obtained in steps a) and b}, or con-

tinuation of the fermentation.

[0037] The method is especially characterised in that the isoform compo-
20 sition of the fermentation supernatants can be directly determined with the help
of a special isoelectrical focusing process (IEF). Together with the data ob-
tained from the determination of the EPO content (preferably by means of
ELISA) the EPO quality in the raw product can already be evaluated during or
directly upon completion of the fermentation process and thus the subsequent

25  purification process can be controlled.

[0038] The following example is meant to explain the invention without

limiting the scope of it.



[ 0041] Each fernentation solution which has to be analysed is desali- nated
and concentrated before the isoelectrical focusing process. To this end at
15 first 15 nL of the sanple are conpressed to 200 pL with the help of the
ultra-centrifugation kit and a nol ecul ar weight Cut Of of 10 kDa by neans
of centrifugation (60 mn with 4000 g and 60 min with 14000 g) at a total
EPO content of about 14 ng/L (determ ned by the ELISA test) and 12 pL of
the concentrate is mxed with 28 pL_qk ultrapure water and 10 pL of
ethanol and is stored for 60 20 mn at -20C. Afterwards the sanple

sol uti °®és%rljﬁmﬂbfﬂ‘§ﬁ-?hpea refrigerated centrifuge (20 mn, 16100 g, 00Q)
n 0

and t he supernat ant e solution is used for isoelectrical focusing
(I EF sanple solution). [0042] The isoel ectrical focusing process starts
with pr@@39Jsi ng Figurgdl shi®varikblpt efdiffererddzRQ; framdions (Bactiem 1de fias- appr ox.

400vh) L. d to d I 25.th H i f | yt TM
20 THOp RS AdRe TP eREe e Bhical BELERb Ak R ftioomblls PH% SO 12 U
3.5 M ke Chighfited GmMaHe perfigon ferivegiatiohnsl, aanagtthrbpdiban-pradudihy of
aspartic acid and glutam c acid, respectively). After that 15 pL of the

| EF sanmpIROselllinesvesadaries @lohf Bayssol ution (Erypoe- - 12 -
preparation), respectively, are pipetted on a Sanple Application Piece

(Serve) E"i‘('&qn |Qe solutions are isoelectrically focused at approx. 2000 Vh
by appl yw-rrg-évltage. Next, the focusing process is shortly interrupted and

the Sanpl e Application Pieces are renoved before the focusing process is
conti nug@D4a] furt BERO B EFOENively peodunededodi g cellsambledefroentatiog isi me of

4500 Vh the jsoelectrical fogusing,.prpcess, s stopped.and the qgel.is

S oupat chites) SRS e Rl SaR RIS R dre BRI Tob g5k otib

Tri s/ G ygjidanBddistial Bio Radl, # patidtumf swehtiic!liferavs. eTHE Caitivatien 400 nl
of nmethanol to 2L). [0043]In a parallel step the Inmobilon-P-blotting

menbe antakes! placedr &)e psrfusioprepealiosdn acasiuse medivniwlich soesurticontains t he

supplier. Afterwards the.gel. is bl n h e
7ol T ow AGY UM ook c She htv Pt FheScheh i ERLOBT RS difr o (1
Tri s/ A petipg otuplto Hdafs. met hanol , Bio-Rad). Directly after the protein
transfer three washing steps are carried out one after the other, first in
met hanol_and then _twice in water for 30 seconds, respec}i vel P/ )
[0041] Each fermentation solution which has to be analysed is desali-
nated and concentrated before the isoelectrical focusing process. To this end at
15 first 15 mL of the sample are compressed to 200 pL with the help of the ultra-
centrifugation kit and a molecular weight Cut Off of 10 kDa by means of cen-
trifugation (60 min with 4000 g and 60 min with 14000 g) at a total EPO content
of about 14 mg/L (determined by the ELISA test) and 12 yL of the concentrate
is mixed with 28 pL of ultrapure water and 10 pL of ethanol and is stored for 60
20 min at -20°C. Afterwards the sample solution is centrifuged in a refrigerated
centrifuge (20 min, 16100 g, 0°C) and the supematant of the solution is used for

isoelectrical focusing (IEF sample solution).

[0042] The isoelectrical focusing process starts with prefocusing the gel
(Blank PreNets, Serva; 20 to 60 min up to approx. 400Vh) in order {o develop
25 the pH gradient from pH 3 to pH6 (Servalyt™ 3-6). To this end a voltage value
of approx. 300V and a current value of 3.5 mA is chosen (cathode buffer: 1 M
glycine; anode buffer: 25 mM of aspartic acid and glutamic acid, respectively).

After that 15 uL of the IEF sample solution and the control solution (Erypo®-



15 Subsequently the nenbrane is put into a bl ocking solution (a 5% ski nmed
m | k powder solution (Bio-Rad) in 1xTBS buffer (Bio-Rad)) and is incubated
at roomtenperature for 60 mn while subjected to gentle shaking. After
removi ng the bl ocking solution it is washed in TBST (0.5% Tweene 20 in TBS
(Bio-Rad)) three tinmes. Afterwards an incubation of at least 4 hours in
the first antibody 20 solution takes place (1% BSA (Sigma) in 30 ml 1XTBS
buffer (Bio-Rad) with 60 pl 500 mM s¢di-um azi de sol ution of the 50 pl
Anti - EPO- Mobuse (RD Systens)). [0044] Then a further washing procedure with

TBST, Tﬁ%pé}aﬁ%ﬁ%ﬁ%&ivé@gtairé_p@ﬁétﬁbcﬁbﬁ R Gainfip|é Biphlicatibn Wevd ¢Seiva) t he

menbrane i's incubated for '60 mn in the acetic acid solution. Then the
t r eat meanddhet selutiens cse dsoelectiipalii decussdaat RPPIRX. 14408 VANBY plViag| ut i on

under identical _copditions. Af ' N j | TBST t he

T oat meRoTage MieR i fochEhg, tiRbeks SRR infert P ahd TS sthinle JiT | 1°

2 de 1 e L (o s s, rided) " Arer waehi ng i

azide to i C o] nti - Mouse- i gma . r washi ng i

Chree 12608 Vi Abwrexsredings sample QRSO ITG 9@%@1 fq&?mﬁefw@i :

30li ne ' ' I ' ; ' = q@l At and

20 0 PP BroBal i el 4y etk barihr S8 e PELSHSM

sol ut i oo bloringfbuffdr)(200anigelloX FrisiBipeine Buifer {BRERRONBTE dilgigiddwBubst r at e
stem (Si gna 10 to. 20 mn at room¢te rature while subjecting it to

gsﬁnue éﬁ@%%%ﬁat%a%ég%nw?%%%ﬂltﬂmn (10 M 0.5 M Na. EDTA sol ut | on

(pH 8.0) is diluted with 20nmL 1 M5 Tris-HClI solution (pH 8.0) and

ul trapupgpagt er t g g pephilisesh Wl WikhobliloA-F-bidtieg hiaabiape (ilipeteus i s

stopped” and"the nenbrane is rinsed again with ultrapure water. After air
dryiing praparediacenadingito the imstilotiorsiof thausupplicsr Alrerds the gekiglhigt-(see

Fig. 1) 0045] The EPO content Qqf culture. e, ' m ned
by 10" Hesh Nty Mo nomeraey wiowethe KRt R BRSO Al Sah i 1. B0 Gy
(phot omgiif ii§ tREZNGEING Biier |(MRLTYEs/SPydiea twiths 28% bbmetiencluBiu-Rad).iDie in

vitro determ nation of erythropoietin in human serunl plasma for research
pur posekedily aftarihe afeteivtiangies treeanashiog steRearetalTied)out opgaierdhe: he

% oA AR SPeSechele P koS pdaalen | 1
1 (fier menbakqeentiptheomembrane & pubinto @0bigtking solution (a 5% skimmed milk
powder solution (Bio-Rad) in 1xTBS buffer (Bio-Rad)) and is incubated at room
temperature for 60 min while subjected to gentle shaking. After removing the
blocking solution it is washed in TBST (0.5% Tween® 20 in TBS (Bio-Rad))
three times. Afterwards an incubation of at least 4 hours in the first antibody
20 solution takes place (1% BSA (Sigma) in 30 ml 1XTBS buffer (Bio-Rad) with 60
ul 500 mM sodium azide solution of the 50 pl Anti-EPO-Mouse (RD-Systems)).

[0044] Then a further washing procedure with TBST, TBS, 0.7% aqueous
acetic acid and again TBST follows wherein the membrane is incubated for 60
min in the acetic acid solution. Then the treatment of the membrane is repeated
25  with the first antibody solution under identical conditions. After washing it three
times with TBST the treatment of the membrane with the second antibody solu-
tion takes place (1% BSA (Sigma) in 30 ml 1XTBS buffer (Bio-Rad) with 60 ul
500mM sodium azide to which 35 ul of Anti-Mouse-IgG (Sigma) is added). After
washing it three times in TBST and rinsing it twice with AP buffer (10mL 5M sa-
30 line solution is diluted with 50mL 1 M Tris-HCl-solution (pH 9.5) and 5SmL 1 M



Fraction 2 (fernmentation up to day 13):approx. 75 ng/L Fraction 3
(fermentation up to day 20):approx. 140 ng/L Fraction 4 (fernmentation up
to day 25):approx. 80 ng/L 20 Fraction 5 (fernmentation up to day

32) :approx. 150 ng/L [0047] The eval uation of the results according to
Figure 1 shows that par- ticularly the purification of Fraction 2 and 4
and probably also Fraction 3 nmakes sense. These fractions have the highest
per centage of therapeutically usableqgsofornms in relation to the total EPO
content. By contrast, Fraction 5 has the 25 hi ghest EPO content according

to the RhdgpfedifnlcHiOnRy 8oIutiBA @Iﬂﬁ!ultfag)qréqmém eosplartien volurhbeofEr ypo(r)
reference Taterial are only contained in very traces.

- 14 - CLAI M
1. Met hothé gel itecelowiag wightBeIR/AG o kiauich Sebsirateoysiens (Sigmapcideta 40 com

prising t.he follown eps. | ctilcal QSCH.#?IJ

conpri si"HB rﬂ%’m gn%g%[tsaittw%l Whﬁeg%ib?%c\?ilgg {%ﬁ% rng%ge é@hgyagﬁi%iwilei mt of
2.5 to 3tdp snidtion (VWPREr0_5iNMiNa-8DTA seluliont(pHes 0) i dil stedphith @0mlr i ding
erythropoietin originates froma culture superna} ant of

eryt hr o%@lﬁéﬂ@hs@ﬂba@&plﬁ@-em@@ﬂy@traew,eema&ésr to a solution volume of 1 L) the

reaction of colour is stopped and the membrane is rinsed again with ultrapure
water. After air drying the membrane can be evaluated visually or densitometri-

cally (see Fig. 1).

[0045] The EPO content of the culture supernatants is determined by
10 means of the EPO ELISA Test of the company Roche Diagnostics GmbH
(photometric enzyme-bound Immuno Sorbent Assay for the quantitative in vitro
determination of erythropoietin in human serum/plasma for research purposes

by using antibody-precoated microtiter plates).

[0046] For the single fractions from the perfusion reactor (total fermenta-

15 tion time of 47 days) EPO contents in the following ranges are calculated:

Fraction 1 (fermentation up to day 5): approx. 80mg/L
Fraction 2 (fermentation up to day 13): approx. 75 mg/L
Fraction 3 (fermentation up to day 20): approx. 140 mg/L
Fraction 4 (fermentation up to day 25): approx. 80 mg/L
20 Fraction 5 (fermentation up to day 32): approx. 150 mg/L
[0047] The evaluation of the resuits according to Figure 1 shows that par-

ticularly the purification of Fraction 2 and 4 and probably also Fraction 3 makes
sense. These fractions have the highest percentage of therapeutically usable
isoforms in relation to the total EPO content. By contrast, Fraction 5 has the
25 highest EPO content according to the ELISA test however the desired isoforms

compared to the Erypo® reference material are only contained in very fraces.



b) transferring the proteins conprised and separated in the gel to a nem
10brane; <c¢) verifying the erythropoietin bound to the nenbrane by
specific antibod- ies. 2. Method according to claim 1l characterised in that
first antibodies which 15 are directed against erythropoietin bind in
step c) to the erythropoietin which is bound to the nenbrane and that the
bi ndi ng of these first antibodies to the erythropoietin which is bound to
the nenbrane is detected while the fiigst anti body is bound to the
erythropoietin which is bound to the nenbrane. 20 3. Method according to
claim2 characterised in that thechiadippg of the first antibodies to the
erythropoietin which is bound to The nenbrane is detected by neans of
second anti bodi es which are directed against the first antibodies.

4. Met hod according to claim1 characterised in that in step c) first anti-
25 bodi ds whiMethad fodidetemitinggihien soferny corissition af Briaraneigtie com-
erythropoi etin Wh'ch.is bound to the nenbrane and that second anti bodi es
whi ch aP&SHlg g, 8@0‘%'8&%%‘851 he first antibodies bind to the first

ant i bodi es whi Ceﬂ re bound to _erythropoieti.n. -15- 5 .Method [aseor di ng
fo chai 3 doaledraldopunng &5 3 Homal CHRPERG AV ToRSEH i ¢ 9 KA ne
phosPhat@ﬁﬁrah?e havabe fdwerlisningr » & {0 5sroas uppét IRARYbf Bo@whaksias a

reaction of cofour b? means of the catalytic reaction of a substrate. 5

6. Met hdble sampldicunprisieg goytbrafoietiniofginates fmng g culturer supainptant kit af t er
the incubation.of the nenbrane w.th a first anti body which is directed
agai nst N {%%%W?'qudﬁ'cm’?ee@fa% (éc@ﬁseps of washing are perforned and

SR er BTt sltiring tn BoRMS B0mBristd b IBEARRd Ihd §8 1 B3hef! ' POV

10 brane;

C) verifying the erythropoietin bound to the membrane by specific antibod-

ies.

2. Method according to claim 1 characterised in that first antibodies which
15 are directed against erythropoietin bind in step c¢) to the erythropoietin which is
bound to the membrane and that the binding of these first antibodies to the
erythropoietin which is bound to the membrane is detected while the first anti-

body is bound to the erythropoietin which is bound to the membrane.

20 3. Method according to claim 2 characterised in that the binding of the first
antibodies to the erythropoietin which is bound to the membrane is detected by

means of second antibodies which are direcied against the first antibodies.

4, Method according to claim 1 characterised in that in step c) first anti-
25  bodies which are directed against erythropoietin bind to the erythropoietin which
is bound to the membrane and that second antibodies which are directed

against the first antibodies bind to the first antibodies which are bound to

erythropoietin.



10agai nst erythropoietin is carried out. 7. Method according to anyone of
claine 1 to 6 characterised in that at |east one solution used during the
steps of washing which follow an incubation of the nmenbrane with the first
anti body which is directed against erythropoietin 15 contains an organic
acid in an aqueous nmedium 8. Method according to claim7 characterised
in that the solution contains 0.1 to 1.5 P% by weight, preferably 0.5 to 1
% by weight, nore preferably 0.6 to. §58% by wei ght of the organic acid.

9. Method according to clains 7 or 8 characterised in that the organic

aci d is5a MORfsthodigccBfdihg it6 ANBRY Bi 6r actRaraetariesdihythat!acadyheom t he
group consisting of acetiC acid, propanoic acid, lactic acid, succinic
aci d, apeoefetsbly atkalineaghgsphadasel isrcevalently hevad tanteesprandeniibedes er r ed

char act MTQERYPS Adeoaiolon) B6EREReaRe PR Faivs fedlioh 0 St o o

menbr anggrgte 16 - 11. Method according to anyone of clainms 1 to 10
characterised in that polyacrylam de gels, which are applied to an inert
carrber foil, are used for the isoelectrical focusing process. 512. Met hod
according to an%one of claimse 1 to 11 characterised in that to adjust the

pH val ué. of Mesheelacaesing tnasyeneof claimasi ord shprasterisgd indhat 3ftebm pH 3
to pH 6,in.th el i i N f i PURTREY RCTT ordi ng
to anyolte BicuBePit he kBRI Hi s Ht ARt unicn J& HirekRid agaRes

er yt hr op@jtRidpdidtiTOné oF Afbreastops obwiaghimef @ perfomeeccahd subseqysttlyaa ant  of
eryt hropoi eti n- produci ngt eukaryotic cell g g{ ot\;vn i'B $£rf usj an é.ea%té)rs.

14. Met hgtheicwerbation ©f the amembrape vl (tBe el antibedy Whigh 1s directe
eryt hr opqi.et.i IS is desalinated and if required

conceént BQ%@%%M@@FQO@@%%&% 8g'ri cal focusing process. 15. Method
according to clains 1 to 14 characterised in that the isoform conposition

of the erythropoietin is determ ned during fernmentation.
7. Method according to anyone of claims 1 to 6 characterised in that at

least one solution used during the steps of washing which follow an incubation
of the membrane with the first antibody which is directed against erythropoietin

15 contains an organic acid in an aqueous medium.

8. Method according to claim 7 characterised in that the solution contains
0.1 to 1.5 % by weight, preferably 0.5 to 1 % by weight, more preferably 0.6 to
0.8 % by weight of the organic acid.

20

9. Method according to claims 7 or 8 characterised in that the organic acid
is a mono-, di- or tricarboxylic acid, preferably selected from the group consist-
ing of acetic acid, propanoic acid, lactic acid, succinic acid, ascorbic acid, adipic
acid or citric acid, and especially preferred is acetic acid.

25

10.  Method according to anyone of claims 1 fo 9 characterised in that a

poly(vinylidene fluoride) membrane is used as a membrane.



2016. Met hod for in-process control of culture supernatants, especially
from perfusion reactors, which originate fromthe fernentati on of

eryt hr opoi eti nproduci ng eukaryotic cells conprising the foll ow ng steps:
a)determ ning the isoformconposition of erythropoietin according to the
met hod of anyone of clains 1 to 15; 25b)determ ning the content of
erythropoietin in the sanple, preferably by neans of ELISA; c)sel ection of
the fernmentation solutions for the pugi-fication of erythropoietin with the
hel p of the values and information obtained in steps a) and b), or

conti nuagyi onpafihbdeadcerdiRgt @t AByone of claims 1 to 10 characterised in that
polyacrylamide gels, which are applied to an inert carrier foil, are used for the

isoelectrical focusing process.

5 12. Method according to anyone of claims 1 to 11 characterised in that to
adjust the pH value of the gel ampholines are used which adjust a pH range

from pH 3 to pH 6 in the gel during isoelectrical focusing.

13.  Method according to anyone of claims 1 to 12 characterised in that the
10 erythropoietin-comprising sample originates from a culture supernatant of

erythropoietin-producing eukaryotic cells grown in perfusion reactors.

14. Method according to claim 13 characterised in that the erythropoietin-
comprising sample is desalinated and if required concentrated before the

15 isoelectrical focusing process.

15. Method according to claims 1 to 14 characterised in that the isoform

composition of the erythropoietin is determined during fermentation.

20 16. Method for in-process control of culture supernatants, especially from
perfusion reactors, which originate from the fermentation of erythropoietin-

producing eukaryotic cells comprising the following steps:

a) determining the isoform composition of erythropoietin according to the

method of anyone of claims 1 to 15;

25 b) determining the content of erythropoietin in the sample, preferably by
means of ELISA;

c) selection of the fermentation solutions for the purification of erythropoietin
with the help of the values and information obtained in steps a) and b), or con-

tinuation of the fermentation.



