CHARACTERI ZATI ON OF RE- USEABLE CHROVATOGRAPHY EQUI PMENT The herein reported
nmethod is in the field of chronmatography, especially in the field of

prepar at iwe 20m/uMp3s7Cchr omat ogr aphy. It is herein reportegca/preilooossior the
direct determnation of the quality of the packing of a chromatography

col um based on in process data. Wth this nethod a saving in process tine
and resources THARACTERIACHOR\CRESsEABEE dHROMMIO GREFMYaEQUIPHENTON Sol el y
for the purpose of colum integrity determ nation can be eli m nated.
Background of the Invention Today al nost all pol ypeptides used in

medi canments are prepared reconbinantly. Due to strict regulatory guidelines
and requi renents by-products have to be 10 renoved fromthe therapeutic
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phar maceut i dategafyf det¢rmisationstan bt eimamated.cal par anet ers has to be fulfilled
for each batch. This can only be achieved if the steps of the purification
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chro
work properly the obtained product will most probably not pass the analytical tests
and, in the worst case, this batch cannot be used. Therefore, it is necessary to
provide methods for determining the performance and efficacy of purification

steps.

25 Teeters, M.A. and Quinones-Garcia, I. (J. Chrom. A 1069 (2005) 53-64) report the
evaluating and monitoring the packing behavior of process-scale chromatography
columns by using the responses to conductivity-based pulse and step inputs derived
from tracer experiments and in-process transitions, especially from measured
residence time distributions. Norling et al. (Norling, L., et al. J. Chrom. A 1069

30 (2005) 79-89) report the impact of multiple re-use of anion-exchange
chromatography media on virus removal. The use of process data to assess

chromatographic performance in production-scale protein purification columns is



Summary of the Invention Wth the nethod as reported herein a determ nation
of the decrease in the 10 separation efficacy and/or packing quality of a
r e- useablwochrooiradcogr aphy col umm packi ng can be det er m meu/predtlooodsis he need
to use and inject a further tracer coapound prior to the separation of the
crude pol ypeptide solution for the determ nation of colum materi al
integrity or the need for historical data of this purification step. 15The
first aspect as reported herein is a nethod for determ ning whether a
re-useabl e ohpcmmlt bgr babyn col almiLaaoki TV, vdniaih Botachaadl. aRroped9t (2008) t he

second 11 4s aUMLARLIOT SLERLOL EnHT AT 6 (15T 11 PR YagRE e has
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re-useabl e o fqgéapziaymgobmldiasklaﬁm dompilekphntolunigst fop fepaaeiers of
a function oiﬂ_ rmula | by fitting the 25experinental data of the inert
change of t O PRYSE@B Y eni cal parameter of the at |east second use, c)
determ ning the difference between the experinental data of the inert

change of t Summagy of tedmiventiomar anet er of the at | east second use and the

function of formula | with the paraneters determned in step b), 30 d)

cal cul ating wig flef FRHRIACEs REPWREN hefrfh réaébt@}lﬂ?n‘éé&veofaﬂfé HbGesdeNinmyg val ue
of the difference determned 1n step ‘b”iléyof)?norm I zing said difference,

e) det &P ni ni ri§P3ratioR etficagnandies parkuig q resuged #eechmatsg@p y column
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wherei n the @W@Pﬁ%?ﬁ%&rs%oo |Sgpqratign “of thé erade polypeptide solufion

determination of column material integrity or the need for historical data of this

purification step.

15 The first aspect as reported herein is a method for determining whether a re-useable
chromatography column packing, which is used at least for the second time in a
purification step of a purification of a polypeptide, has reduced separation efficacy,
e.g. compared to the separation efficacy when it was used for the first time in the
same purification step of the same purification of the same polypeptide, comprising

20 the following steps:

a) identifying and determining the experimental data of an inert change of
at least one physicochemical parameter of a mobile phase passing
through said re-useable chromatography column packing,

b) determining the parameters of a function of formula I by fitting the

25 experimental data of the inert change of the physicochemical parameter
of the at least second use,

¢) determining the difference between the experimental data of the inert
change of the physicochemical parameter of the at least second use and
the function of formula I with the parameters determined in step b),

30 d) calculating the difference between the maximum value and the
minimum value of the difference determined in step c) and normalizing
said difference,

e) determining reduced separation efficacy of said re-useable
chromatography column packing when the absolute value of the

35 difference calculated in step d) is more than 0.1,



yl = -1Pl . (1+erf(x -111, 1+A0 2s/12 with the anplitude P1, the starting

val ue AO, the nean value m the standard deviation s, and with 2 co (_xX
2n+l e r wo(ajo/m936E, VIr 0 (2n + On! Anot her aspect aspcempedie@dodsesein is
a nmethod for the chromat ographic puri8ication of a polypeptide, in which at
| east one chromatography step with a re-useabl e chromat ography col um
packing is conprised, conprising the follow ng steps: a) identifying and
determ ning the experinmental data of an inert change of 10at | east one
physi cochem cal wheranehefunofiomoffolbinlila [dkase passing through said re-useabl e
chr omat ogr aphy col um packing, b) determ ning the paraneters of a function

of formula | by fitting the experirrqntaE datpa,o e inert change of the
physi cochem cal paraneter of theyhtdRa t+&§€e§}£¢e¢\0150) determ ning the
di fference between the experinental Mdat & of e/ bert change of the

physi cochem cal paraneter of the at |east second use and the function of

formula | with the AAGRERE&RSIAAE TS GaldheStdti . o nfelh GUIRL NG he
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di fference det er m netandardsdexintion saaid Wk mal i zi ng 20sai d di fference, wherein
the function of formula I is yl=-1P . (1+erf(x-111,))+A0 2s-%2 with the
anplitude P1, the starting value AQ . the §@n1)<'/,a4"tle m the standard

0

deviatfon s, and with 25 2(-1)" £& ﬂ:W (%)HTE ‘

Another aspect as reported herein is a method for the chromatographic purification
of a polypeptide, in which at least one chromatography step with a re-useable
chromatography column packing is comprised, comprising the following steps:

a) identifying and determining the experimental data of an inert change of

10 at least one physicochemical parameter of a mobile phase passing
through said re-useable chromatography column packing,

b) determining the parameters of a function of formula I by fitting the
experimental data of the inert change of the physicochemical parameter
of the at least second use,

15 c) determining the difference between the experimental data of the inert
change of the physicochemical parameter of the at least second use and
the function of formula I with the parameters determined in step b),

d) calculating the difference between the maximum value and the

minimum value of the difference determined in step ¢) and normalizing
20 said difference,

wherein the function of formula I is

1 X-m
I=—Pl:|1+erf + A0,
) ( (ﬁﬁ

with the amplitude P1, the starting value AO, the mean value m, the

standard deviation s, and with

_ 1)" x2n+1
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and



7"1" 0 (2n +1)n! - On! WD 2010/ 149367PCT/ EP2010/ 003813 4 further using
the re-useabl e chromat ography col um packi ng when the absol ute val ue of the
di ff erenowocaleeubsmtred in step d) is 0.05 or less, or pecfrarrwgomdsiti onal
characterization of the purified pol ypepti de when t he

absol ute value of the difference calculated in step d) is nore than 50.05
but less than 0.2, or changing the re-useabl e chromatography col um packi ng
when the absol ute value of the difference calculated in step d) is 0.2 or
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between the experimental data of the inert change of the physicochemical

parameter of the at least second use and the function of formula I with the

parameters determined in step b) for each experimental data point. In one

25 embodiment said signal change is a change in conductivity or in adsorption at

280 nm. In a further embodiment said inert change is a sigmoid change. In still

another embodiment said at least one physicochemical parameter is determined in

the conditioning or regeneration step.

Detailed Description of the Invention

30 The first aspect as reported herein is a method for determining whether a re-useable
chromatography column packing, which is used at least for the second time in a
purification step of a purification of a polypeptide, has reduced separation efficacy
compared to the separation efficacy when it was used for the first time in the same
purification step of the same purification of the same polypeptide, comprising the

35 following steps:



a) identifying an inert change and determ ning over tine the experinental
data of a physicochem cal paraneter of an inert change from 100 % of a

sol uti on wonbaimbisg a denaturing agent to 100 % of a solpgriEPP0O3S13

contai ning said denaturing agent, or vice versa, of a nobile phase 5passing
t hrough said re-useabl e chromat ography col um packing after the at | east
first use of the chromatography colum packing, b) determ ning the
paranmeters of a function of fornmula | by fitting the experinmental data of
the inert change)of 1Hmlmhg$hoﬁaheml@alanaaeamhﬂg oferttinge the dxpasesacond

use obtained In @), AOCHAELRALONAG LIS dhtLELPASS AELIRED dhlie | heL Tont @

data of the inert chan 2 5P enm ca ar anme east
second use and the feumitlil@ncomtafrmgml@nhmvmgfagﬁmewpé@&ﬂ(epérassqmm@‘r mbhed in

step b), d) cal %!tnﬁﬁﬂlgg %faedaaétﬁﬂ%eag&tbeiwvy@& %] ﬁﬁgmléf hd& and

the m n| mum val ue of erence mned in step ¢ | zi ng
15sai d3di fference, @psyeg Sravgh ryd reyscabls @Hﬂ@ﬁ@ﬂ@hywm%@?d@ﬂg§§?’d

re-useabl e chronat Ogh@&h)éas@ﬂilrdt%e@ﬁ@lklcﬁﬂ)ﬂm@g} H}ecomﬁﬁ péigny,al ue of the
di f ference cal cyl at in.ste is nore.th 05, wherel tion of
or ol SMe CBL6 B [etesining Bd paigieloth 0@ Tpetion oF [PERUIAHcb% Hing Bk pr

the starting val ue m&)pemmentabdaata vhitheanert clidnge of dredaysicdehendtalgraranetand W t h
2 co (__ Onx 2n+l %rffthe( %t)lgasf se!%ond use obtained in a),
10 ¢) determining the difference between the experimental data of the inert
change of the physicochemical parameter of the at least second use and
the function of formula I with the parameters determined in step b),
d) calculating the difference between the maximum value and the
minimum value of the difference determined in step ¢) and normalizing
15 said difference,
e) determining reduced separation efficacy of said re-useable
chromatography column packing when the absolute value of the
difference calculated in step d) is more than 0.05,

wherein the function of formula I is

1 X-m
20 I=—P1-| 1+erf] + A0,
) [ (ﬁD

with the amplitude P1, the starting value AO, the mean value m, the

standard deviation s, and with

0 n __ 2n+l

erf(x 22 )x

) 2n+1n' '

The term "re-useable chromatography column packing" denotes a chromatography
25 material that is packed into a chromatography column whereby the chromatography
material is obtained after a purification in a not modified form, i.e. with the same
characteristics as prior to the purification. A purification step denotes in general a
cycle comprising the conditioning of the chromatography column packing, the
application of the crude polypeptide solution, optionally the washing of the
30 chromatography material, the recovery of the purified polypeptide from the
chromatography column packing and the regeneration of the chromatography

column packing. In one embodiment of the aspects as reported herein the inert



0 (2n + 1)n! The term"re-useabl e chromat ography col um packi ng"
denotes a chromat ography 25 material that is packed into a chromatography
col utm wheoebw/tsbss7chr omat ogr aphy material is obtai ned attramp2@opogsisi cation
in anot nodified form i.e. with theessane characteristics as prior to the
purification. A purification step denotes in general a cycle conprising the
condi tioning of the chromatography col um packing, the application of the
crude pol ypeptide solution, optionally the washing of the 30 chromatography
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useable chromatography column packing during the purification of a polypeptide
can be used for determining the chromatography material separation efficacy
30 and/or packing quality. Such an "inert change" is the change of at least one,
preferably one, physicochemical parameter over time, such as the concentration of
a substance contained in the mobile phase, or of the mobile phase itself during the
purification step. The substance does not interact with the functionality of the
chromatography material effecting the purification of the polypeptide. Exemplary

35 inert changes of at least one physicochemical parameter of a mobile phase passing



7 through said re-useabl e chromatography col um packing are i) a change
fromdenaturing conditions to non-denaturing conditions, or ii) a change
from strowgl2gioal4bamlzi ne conditions to buffered conditi ongcTmr2010i093833 change
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The term “mobile phase” denotes a liquid that is used in column chromatography
and that surrounds the chromatography material of the chromatography column

25 packing, which in turn is the stationary phase.

It has been found that from a comparison of the experimental data recorded during
the inert change of the at least second use of said re-useable chromatography
column packing with the recorded data during the inert change of the at least
second use of said re-useable chromatography column packing fitted to the
30 function of formula I a determination of the separation efficacy/packing quality of
the re-useable chromatography column packing can be obtained. In one
embodiment the experimental data is recorded during the at least second
purification of said polypeptide with a column packing made with chromatography

material that has been used one or more times in the same purification steps of the



t he standard deviation s, and wwth 2 cox 2n+l erf (x)=-E , v77(2n + 1)n!
The nmet hods as reported herein enploy the integrated formof the Gaussian
di st ri butworoywabzdrng quality attributes for the packi ngcofEpedie/ocmshzim.
Wth the function of fornula | the desiation froma purely diffusion
controll ed distribution nmechani smof a conpound(s) contained in an

approxi mately rectangul ar pul se of 15 said conpound(s) at the colum inlet
can be determined. This is achieved by conparing the function of formula I
fitted to thamexpeificakon ¢f thelaime pelypeminid piior torthid ise. Thiefincfioedf formuta change
in the purify %%t(ﬁn gf t he pol ypeptide with the recorded experinental data
itsel f, V\here Nedifference duringtheinert change of the fitted

function and the not-fitted experi a data shoul d not exceed a

pr edet er mi ned 20t hreshol d |q oige r&nﬂl (Eurified pol ypepti de of
desired characteristics. cgnp rlso y cal cul ating the

di fference between the experlnenta data ' mhlch the function of formula
| has been fitted and the fitted function of formula I. In order to nake

the resul ts Wthindividual purifications conparable to each other the
results or the differenaplimiepnor nalized, e.g. by dividing the value 25
with the nmaxi mum val e o t he _experi nent aI data of said physicochem cal

par amet er during sait Aing Vel rfg I n one enbodi nent said nornalization is
by a division with tthkemaiuﬂuetnthe paraneter AO of the fitted function of

formula I. In one e Men lized difference function, as shown in
the follow ng for w{{geo%llfl &dgVIQ%;I{T&V\D 2010/ 149367PCT/ EP2010/ 003813 9 vyl I (x

- (-1P1 (1+asdfwithx s +A0 )/A0. 2 V2 Thus, in one enbodi nent step b)
reads: determning the paraneters of a function of formula | by fitting the

experinmental data of the |nert cha@g tjae+lphy5| cochem cal paraneter of
the atOl east second use ande’d"tc th 5 also the paraneters of
a nornalized difference function f°or?rﬁrF 1, and step c) reads:

determ ning the difference between the experi nent al data of the inert
change of t%epmmod@edsefa’poabd pmraﬂeémployfthbhategtatéceefsmn sefcthedGaasiaand t he

function of JOLEMNG leidthd Wbl RAGAIR! firnd agkl%gogdtgi oRlifiR. Wi b

anot her enbddl fonisin ' Tcul at' ng the
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difference ft el e'ngt3 ecI mert chanéeo gla %r a'lgcat%n gp thlerb% ypepp (?e auth%e recorded
experimental data itself, whereby the difference during the inert change of the fitted
function and the not-fitted experimental data should not exceed a predetermined

20 threshold in order to provide a purified polypeptide of desired characteristics.

The comparison is done by calculating the difference between the experimental
data with which the function of formula I has been fitted and the fitted function of
formula I. In order to make the results of individual purifications comparable to
each other the results or the difference are normalized, e.g. by dividing the value
25 with the maximum value of the experimental data of said physicochemical
parameter during said inert change. In one embodiment said normalization is by a
division with the value of the parameter AO of the fitted function of formula I. In
one embodiment a normalized difference function, as shown in the following

formula I1, is used:



15 reduction in separation efficacy and/ or packing quality is shown in
Figure 3 and for a chromatogram for an inert change with a reduction in
separ at i owoebfoaessy and/ or packing quality is shown in pcguwpeoid/003sas t he
cal cul ation of the absolute difference value the global maxi rumand the
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fitted 20 experinental data cal cul ated for each experinental data point is
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Therefore, another aspect as reported herein is a nethod for the
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15b)determ ning the paraneters of a function of fornmula | by fitting the
exper i ment alFogdke cfulatien iof dre abshhg difdrendeevabitg tiecglebsd maamuppanthilicer  of
the at | eastg@ReNdid®8: of the difference between the experimental data and the fitted
20 experimental data calculated for each experimental data point is determined. The
difference between this maximum value and this minimum value is calculated and
provides a parameter with which the packing quality of the re-useable
chromatography column packing can be determined. In one embodiment said
difference is normalized by dividing the calculated difference values with the

25 maximum value of the experimental data used for the calculation.

Depending on the polypeptide to be purified and its characteristics to be achieved
threshold values for the absolute difference between the maximum value and the
minimum value of the difference function can be given whereby the individual
exceeding of each of the threshold values results in an action to be performed. In
30 one embodiment said difference between the maximum value and the minimum
value of the normalized difference function can be accepted and the packing can be
used further if the absolute value of the difference calculated is less than 0.2 or 0.1

or 0.05. In one embodiment said difference between the maximum value and the



c) determning the difference between the experinental data of the inert
change of the physicochem cal paraneter of the at | east second use and

20t he fumwoi2ov@dsshornmula | with the paraneters detern ped/grrodesid), d)
calculating the difference between the maxi num val ue and the m ni mum val ue
of the difference determined in step ¢c) and normalizing said difference,
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of the normalized difference cannot be accepted and the packing has to be

changed/renewed if the absolute value is 0.2 or more, or 0.15 or more.

Therefore, another aspect as reported herein is a method for the chromatographic
purification of a polypeptide, wherein at least one chromatography step is
contained which employs a re-useable chromatography column packing,
characterized in that said method comprises the following steps:

a) identifying and determining the experimental data of an inert change of
at least one physicochemical parameter of a mobile phase passing
through said re-useable chromatography column packing,

b) determining the parameters of a function of formula I by fitting the
experimental data of the inert change of the physicochemical parameter
of the at least second use,

c) determining the difference between the experimental data of the inert
change of the physicochemical parameter of the at least second use and
the function of formula I with the parameters determined in step b),

d) calculating the difference between the maximum value and the
minimum value of the difference determined in step c) and normalizing
said difference,

wherein the function of formula I is

1

X-m
I=—P1:| 1+erf +AO0,
a ( (s-JZD

with the amplitude P1, the starting value AO, the mean value m, the

standard deviation s, and with

0 )n 2n+l

erf Z x

7z 0 2n+1n' ’

and
- further using the re-useable chromatography column packing when the
absolute value of the difference calculated in step d) is 0.05 or less, or
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25 the invention. It is understood that nodifications can be nmade in the
procedures set forth without departing fromthe spirit of the invention.
Descri pt iwo 20fo/tabss7Fi gures 30 Figure 1 Figure 2 Experi negtraip2eidbessi®or an
exenplary inert change of the conductizvity for a re-useabl e chromatography
col um packing with no reduced separation efficacy/packing quality (open
circles); X-axis: tinme [mn]; Y-axis: conductivity [nS/cn]. Experinental
data for an exenplary inert change of the conductivity for a re-useable
chronat ogr aply, el exsmmplacdadnin wetthinnembedineat, Efiityatchoomaadgraplac ysiigcki ng

it 2 10/ 4 7z / /O tte d
flincti on acaBemit Rhod PRIGHE S e ol A8 Pe Boteify G B SroRploariibg ) °C.
conduct i vi t yiof msﬁxange clﬁpgmcgr@ms(@lgatc@tum $chrngecisatboxymethyt tesinek paidnnent aI

data for an SURMRLalnihDCkhCHaNAY Gha tif ARG khinge! Ql'iroﬁla'fcf'grégli/ﬂggbl e 5

chr omat ogr aphy c¢ no reduced se aration efficac acki ng
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X-axi s: ti mydiophsbiz in@tdctien @aﬁﬁ)mﬁicwd@@pﬁ&@ﬁfdnmﬁgraﬂmﬁ g’ivfflﬁf pléhyl-

exenpl ary inert change of the conductivit t ogr aph
col um" pack PARREISR orfpEBgRhe SERE 4t BrUpPRieas RIS PG oREr (JokBpen.
circles); X-afftmisy chromatpghaphy (¥-gaxwith N ahdvCodDf afBhity] materig)s esize

SExper i ment %% ﬂé‘lto Jh%m ﬁﬁg%ﬁf érek&%f&e CRANGSn SR BRufQUSH ¥d by for a

re- useable rona ograp
electrophoresis, caplllary electrophoresw (Vijayalakshmi, M.A., Appl. Biochem.

Biotech. 75 (1998) 93-102). In one embodiment said chromatography column
packing is a chromatography material selected from an affinity chromatography
material, or an ion exchange chromatography material, or a thiophilic adsorption
chromatography material, or a hydrophobic interaction chromatography material,
15 or an aromatic adsorption chromatography material, or a metal chelate affinity

chromatography material, or a size exclusion chromatography material.

In another embodiment the method as reported herein is used for the determination
if the process hardware except the chromatography material has reduced separation
efficacy.

20 The following examples and figures are provided to aid the understanding of the
present invention, the true scope of which is set forth in the appended claims. As
the polypeptide erythropoietin was available in sufficient quantities in our
laboratory at the time the invention was made the invention is exemplified with this
polypeptide. This should not be understood as limitation but only as an example of

25 the invention. It is understood that modifications can be made in the procedures set

forth without departing from the spirit of the invention.

Description of the Figures

Figure 1 Experimental data for an exemplary inert change of the

conductivity for a re-useable chromatography column packing

30 with no reduced separation efficacy/packing quality (open
circles); X-axis: time [min]; Y-axis: conductivity [mS/cm].

Figure 2 Experimental data for an exemplary inert change of the

conductivity for a re-useable chromatography column packing

with no reduced separation efficacy/packing quality (open



wi th reduced separation efficacy/packing quality (open circles) 15and the
fitted function according to a function of formula |I; X- axis: tine [mn];
Y-axis: owodunwisvicty [nS/ cn]. Figure 6Absol ute differeneerhebovwmmssihe
experinmental data for an exenplary inert change of the conductivity for a
re-useabl e chromat ogr aphy col um packing with reduced separation 20

ef fi cacy/ packing quality (open circles) and the fitted function according
to a function of forrmula I; X-axis: time [mn]; Y-axis: difference [nB/cny.
Figure 7Monitoring of cainum@) it @@rfitted fohdtionaacodridhptioasfuneen bEfbrivalLi n

over 50 chronmat ogr aphi Cq cI es u5| Moni toring of
colum integrity with a %L%g lsh%qngfl?'ntwdg'[%g’r/?'g?nul all. Full
circles: parkigetesy deri wddsofutq: dlé’@eemecabq:twnemftheobmﬁmmwmzﬂouﬂatacrfamm in
col um packi ng. wp%a&é inert iﬂﬁg% le eéondﬁ@ﬁ@iggﬁtfgf gL hé’e%ﬂ}ef OrNo

regeneratlon of col um Wlt Crac urlng regenerati on cyc
9. ExaPple 1 Fernent at iSbrPragagisnhy fqodunn d?aCbmgewytbhn@p@rib@qdn separatlon

Erythropoietin can be pre@ﬁ'@h% aaxael Ritfalify €sp eﬁ arc1@590ﬁddtﬁwf&ed MGh&dnB 7329.
The purification conprises hro of these is a
Bl ue 35Sepharose chr orrataﬁfj? ° %"’E}gagg égoé ‘gri’éi‘%g]ﬁ%?mgephar ose beads
to the WO 31]@6)0‘e1449367P(EEJpEH&@ﬂ1&A 0083818rl4n exemplary inert change of the
conductivity for a re-useable chromatography column packing
10 with reduced separation efficacy/packing quality (open circles);
X-axis: time [min]; Y-axis: conductivity [mS/cm)].

Figure 5 Experimental data for an exemplary inert change of the
conductivity for a re-useable chromatography column packing
with reduced separation efficacy/packing quality (open circles)

15 and the fitted function according to a function of formula I; X-
axis: time [min]; Y-axis: conductivity [mS/cm].

Figure 6 Absolute difference between the experimental data for an
exemplary inert change of the conductivity for a re-useable
chromatography column packing with reduced separation

20 efficacy/packing quality (open circles) and the fitted function
according to a function of formula I; X-axis: time [min]; Y -axis:
difference [mS/cm)].

Figure 7 Monitoring of column integrity with a method as reported herein
over 50 chromatographic cycles using formula II.

25 Figure 8 Monitoring of column integrity with a method as reported herein
using formula II.
Full circles: parameter derived for regeneration of column
without changes in column packing.
Open circles: parameter derived for regeneration of column with
30 a cracked bed during regeneration cycle No. 9.

Example 1
Fermentation and purification of erythropoietin

Erythropoietin can be produced and purified e.g. according to WO 01/87329.

The purification comprises some chromatography steps. One of these is a Blue
35 Sepharose chromatography. Blue Sepharose consists of Sepharose beads to the



surface of which the C bacron blue dye is covalently bound. Since
erythropoietin binds nore strongly to Blue Sepharose than nopst

non- pr ot elypagRPUS3cE0oNt am nant s, some prot ei naceous i MPUPCTIEPS1@/MBSTY/A,
erythropoietin can be enriched in thim step. The elution of the Blue

Sepharose colum is performed by increasing the salt 5 concentration as
well as the pH The colum is filled with Blue Sepharose, regenerated with
NaOH and equilibrated with equilibration buffer (sodiumcalciumchloride

and sodi um %%ﬂhé’é@ﬁwhf[‘hﬁthél@lﬁdcfrd)ﬁﬁhﬁﬁg/eflb lch @416ty BEUTRINSice SetpiFdhicin | S
| oaded. Aft%é(f Iet i 0 heI %the colum. i.s washed first with a
148 780K tPI P?atSF

buffer siml erriron ¥ mogt oy Pﬁoﬁna&e%‘fsg‘f?élfargwa?tﬁm
chloride 10 sonmcmtenﬁcem mmhrﬁms%duEVAeIeyythmpblean'laah&d)mﬂedflhemls The

duct t i .S]
Praction i n et e ulin e I8 PRASEN Sy BRG: BERRREY ibrefb M S
equi | i br at i eencengnetiomtasowell aasd thee glln elleet p@lnrrmt &p fidled t wigh dBlue nBenbgrasphy

cycle the copglisetdied With @fadﬁ‘%ncﬁ*@ﬁlhh@ra%aﬁﬁh @(%uﬁl&%tlgﬁ'%{lﬁér @Bdﬁxﬁﬁ’ca@&h&”ﬂ s

determ ned 15and recorded wt t andard ductivity nmeasuring devi ce.
Exampl e 2 chigigle and @élwc?%ayeﬁq agdificd 8@6| @Weééﬁmﬁét%ﬁp@aﬁ@at Bver the

process contlbaiéaualfigr u@hpmubﬂ@fm&t [adings tHeeqdirhf ds kxasleddnﬁrsfsubﬂhl £beflanges
becone det ect aﬁl e In%i‘ endelnlg‘y b‘Ibtglangestof 200t her Er illli rﬂ({eters
In Figure 7 4% #arife BY U PPAT K G 488G © H%.‘ngc 'S he
separ &@i on poogmthties and cshsnmnvé[yemdhanEEISemartfmfeaf The pooduceisdBlutddn t he
case of a CQLHM Mkha3 B{lﬁgﬁﬂmp&ﬂl 8&%%%“&[1%1%3/&&{10% ra&éo d4tict WA Bire

dranatlcally, as seéen I n rrve ar ane resi erence as
shown i n cydnastey ebftiopipgefile. 8 (open ci rcI es). WO
2010/ 149367PCT/ EP2010/ 003813 15 Patent Clains 1. Method for determ ning

}Nnet pﬁr a rqau#ﬁ%atlﬂk%qﬁlmlbmhogép%ﬂmbncgﬁfP@‘geﬂaﬁmmgte }Mf'tl@c{]ch@m&%a[ﬂiy | east
or e secon | caltl.on, ste I.TIC |
o yhoe e B thds %@8&@@@% SR epieh off oufiebaf thesplm | P Blardined op of

sai d phrifi aatireorddd wish dsqandiatﬁephdtdmmtylrr&raanﬁ@dezzmé in that said nmethod
conprises the foll ow ng steps:

Example 2
Change in column properties

The column can be monitored over the process continuously using the method as
reported herein. Subtle changes become detectable independently of changes of
20 other process parameters. In Figure 7 a change in the column packing resulting in a

change in the separation properties is shown. The change occured after cycle 40.

In the case of a column with a broken bed, the quality of the fit decreases
dramatically, as seen in the derived parameter residuals difference as shown in

cycle 9 of Figure 8 (open circles).



a) identifying and determ ning the experinental data of an inert change of
at | east one physicochem cal paraneter of a nobile phase passing through
sai d re- usoabloei4gdsr omat ogr aphy col umm packi ng of the at pcearboismessnsl use,
10 b) determning the paraneters of alsfunction of fornula | by fitting the
experinmental data of the inert change of the physicochem cal paraneter of
the at | east second use, c) determning the difference between the
experinmental data of the inert change of the physicochem cal paraneter of
the at | east second use and the 15fRatent Chimk fornmula | with the parameters
determned in step b), d) calculating the difference between the maxi num

val ue and the mypi I . e . r r & i e and
nor mal i zi nghéai é\@ %}ﬁwnef;égn@%?ﬁ{mﬁ& ee{ﬁﬁgtg}%ﬁﬁ?ﬁ%gr@é%&?g@%’&r g?llﬁg)nrrll
ef fi cacy of sai dagkingswhish és esedatdeashfos phe second timepaadutficatien steRofabsol ut e

val ue of the di flufiResnfm 29cal satipdptide] MhaStRBuct k&paf®ich lehRdich- th swlaerein
the fupction of farnmula | is_ 1. ‘%Fl.,g)éx-m@%m f))+AOQ, 2s 2 ..

with the anpl it RYETiEpton step af said pyrdficasiop of sd pp eﬁ%%cb%rﬁesﬂmd inrfhat
standard 25devi ahidanethod esttiptides the2follOwirystdpser f (x)= - E k, . 0 2n +1)n!
2. Method for the chromatographic purification of a polypeptide, wherein at

30l east one chr S| - I t | umm

VO 2010/ 149367P%g§%€$&(§@%§ﬁ@@g§i6% eﬁgf@%n‘f"éﬁc ﬁgg‘{ ngﬁgéhgg %?f%ed in

that said net hodeasboms plysicochemical payainatgr of epaobile phase passing through said
re-useable chromatography column packing of the at least second use,

10 b) determining the parameters of a function of formula I by fitting the
experimental data of the inert change of the physicochemical parameter of the

at least second use,

c) determining the difference between the experimental data of the inert
change of the physicochemical parameter of the at least second use and the
15 function of formula I with the parameters determined in step b),

d) calculating the difference between the maximum value and the minimum

value of the difference determined in step ¢) and normalizing said difference,

e) determining reduced separation efficacy of said re-useable
chromatography column packing when the absolute value of the difference

20 calculated in step d) is more than 0.1,

wherein the function of formula I is

1 X-m
[=—P1-|1+erf + A0,
g’ ( (S-V2D

with the amplitude P1, the starting value A0, the mean value m, the standard

25 deviation s, and with

1)’1 x2n+1
n+ln

2
o 6)= 22

2. Method for the chromatographic purification of a polypeptide, wherein at
30 least one chromatography step using a re-useable chromatography column



a) identifying and determ ning the experinental data of an inert change of
at | east one physicochem cal paraneter of a nobile phase passing through
sai d 5r e-weeaty/aomwhr omat ogr aphy col utm packi ng of the atcrraesdiosessond use,
b) determ ning the paraneters of a fuwction of fornmula I by fitting the
experinmental data of the inert change of the physicochem cal paraneter of
the at | east second use, c) determning the difference between the
experinmental data of the inert 10change of the physicochem cal paraneter of
the at | east segatkingsi® amttainbéd, tharattedredofin fthatmgdid mewiodh cotpripar dnet er s
determned in step l)rl st .calculating the difference between the maxi num
val ue and the mni mjmgva Ue of the difference determned in step ¢c) and
normal i zing said difference, wherein the function of formula | is 1 yl=-PIf
1+er f (x- m)) +AQ2) Mentifying apd deterrnminghihiejexperemental datposaminertrghange 0batAQ t he

mean_val ue m thespbaOPRysicodfdhithl PitameteR B a\thdbilephalX paRink thfdughshid
.., 1771- 0 (2n + 1)n! and furt usi ng the re-useabl e chromat ogr aphy

her ;
col unm’ packi ng WR&RCabHeC %‘é‘ﬁqoﬁf"é’%\‘/&f’b’é‘“b?aq(ﬁ@ ofithg atleast eecond Bef-ated in step
d) is 0.05 or less, or performng an additional characterization and/or
assessment of t g duerhdiniag thel pqpapttetse ofaefunictien alfsfolmtia Valyuéittidfg thee

W0 2010/ 149307PCtpeRppit BhER G it g hAR abidsumblyi Bt o i o

characteri zed i nttdasttseeariddusenert change of at | east one physi cocheni cal
paranmeter of a nobile phase passing through said re-useabl e chromat ography

col um packi ng ic§ &t&&%ﬁﬂ% thé T@gtRAcD Beiwten 8 GBeRthehtit d8@NGL RIS flekon of a
substa&nce in the nobile p %se_ t hat dges not 5|tnteract W th the re-uyseabl e
col umh packi ng. change of the physicochemical parameter of the at least second use and the

function of formula I with the parameters determined in step b),

d) calculating the difference between the maximum value and the minimum

value of the difference determined in step c¢) and normalizing said difference,

wherein the function of formula I is

1 X -m
yl=—P1- 1+erf( ] + A0,
2 ( s+2

with the amplitude P1, the starting value A0, the mean value m, the standard

15

deviation s, and with

20 e’f(x)sz—Z::(—l)"xZnﬂ

7% @n+)nt’

and

- further using the re-useable chromatography column packing when the
absolute value of the difference calculated in step d) is 0.05 or less, or

25
- performing an additional characterization and/or assessment of the purified
polypeptide when the absolute value of the difference calculated in step d) is
more than 0.05 but less than 0.2, or

30 - changing the re-useable chromatography column packing when the absolute

value of the difference calculated in step d) is 0.2 or more.



4. Method according to any one of the preceding clains, characterized in
that said inert change is a change in conductivity or in adsorption at 280
nm 5. Mawybaediczassydi ng to any one of the precedi ng cl aiposered@nassieri zed
in that said inert change of at |easti7one physi cochem cal paraneter of a
nobi | e phase 10 passing through said re-useabl e chromat ography col um
packing is a change of from 100 % of a solution containing a denaturing
agent to 100 % of a solution not containing said denaturing agent, or vice

versa. 6. 3Vet haethad a6dodding td Slafh QoM S clihdit@tdefrih AR sdid indtBEhangé Bf at
denat uri ng agenH I S selectedhfroanodlun1h§dr0ﬂ#de, uanldlqhgngﬁhl.rlde,
urea or organi c 938580§ BRysicoshergieplpayameter ofp mphily BavaNgs e 5€c edi ng
cl ai s, char act eeiuzeabbld chtonedtograply icolnin phekige is sa @haiggneffectehdygthe 8.

Met hod accor di ”%hsr?gsea&%hg 060 &hirhiish ?f £5aAADe § Ml Robitd BHRE Rk [4pEIndn that
said inert change IS a change over TI ne.
5 interact with the re-useable column packing.

4.  Method according to any one of the preceding claims, characterized in that

said inert change is a change in conductivity or in adsorption at 280 nm.

5. Method according to any one of the preceding claims, characterized in that

said inert change of at least one physicochemical parameter of a mobile phase

10 passing through said re-useable chromatography column packing is a change
of from 100 % of a solution containing a denaturing agent to 100 % of a

solution not containing said denaturing agent, or vice versa.

6. Method according to claim 5 characterized in that said denaturing agent is
selected from sodium hydroxide, guanidinium chloride, urea or organic

15 solvent.

7.  Method according to any one of the preceding claims, characterized in that

said inert change is a sigmoid change.

8.  Method according to any one of the preceding claims, characterized in that

said inert change is a change over time.



