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10 The present invention relates to a method and automated

system for the purification of polypeptides. In particular,

the present invention relates to a Fast Protein

Liquid

Chromatography (FPLC) based method and respective automated

system useful for the purification of polypeptides from

15 complex mixtures.

Background of the invention

20 Fast Protein Liquid Chromatography (FPLC) is a

form of

25

30

liguid chromatography that is widely used, both in academia
and industry, to separate and/or purify large quantities of
varicus biomoclecules such as proteins and DNA from complex
mixtures. In FPLC a mixture containing soluble components,
including the biomolecule of interest, is separated by
passing it through a stationary phase with the aid of a
liguid £flow and the single components of the mixture are
separated thereby. Depending on the elution method used, the
components contained in the mixture migrate with different
velocities through the stationary phase or are retained by
the specific ligand interaction with the stationary phase

thereby being separated from each other.



separated thereby. Depending on the elution nethod used, the conponents
contained in the mxture mgrate with different 30 velocities through the
st ati onarwophageIss are retained by WO 2011/ 029898PCT/ ER2OP1068295 Due to
its sinple design, systens were devel oped automati ng FPLC. Aut omated FPLC
based systens are inter alia manufactured by GE Heal thcare, Chal font St.
Gles, United Kingdom and marketed under the AKTA(tn) brand nanme. 5

Al t hough simplifyjng the_purjfication of bionol ecul es urification cycles
can only B¢ s&t ﬁ)stS‘lFIBrIrgor?letsﬁé’ncursfyeﬁeri*ﬁDL‘@Bﬁs 8"?}95@%

produced gfdrpw t hpoughaeedel udbec CoMaldd Ng stae hisonohegul e 9f 4 Nt greggt can
be collected 10 within a short time once it has left the system Were the

pr oduced WAt GiRgh BY éfuatiealshAsrecol fleeteentr 6ipt | §iland tmided
al | oned tﬁrg%o%p%\%ggéjaq:]ketatﬁgoﬁgl%%rpetrﬂeo%ﬁqtﬁe s I& faﬁnsepm | age i ncreases.

Once there 1's spoi oWt hf ough "or éluate € ‘cont ai ned
bi onobecule is of no use and 15 has to be di sposed or alternatively

ext ensi vel.y .decont anj nat ed whi chE}ﬂs ti me-consum ng and costly. Thus,
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of the flouwtrirQughoreelal e Gurdent | ¥e regui ngscbheyat bendance Ofren:
operating personal at the tinme 20 where the flowthrough or eluate | eaves
t he syst éfibOviiaged ey eaees, viisrpathe coradufed Fony-tonpigly oycledsiatze

amount of it I n f no jpcre L 0. productivity.. .As . .a
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regul ar working hours of the operating personal, which in turn restricts
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of spoilage increases. Once there is gpoilage in the flow-
through or eluate the contained biomclecule is of no use and
15  has to be disposed or alternatively extensively
decontaminated which 1s time-consuming and costly. Thus,
spoilage of the flow-through or eluate has to be aveided.
Avoiding specilage of the flow-through or eluate currently
reguires the attendance of operating personal at the time
20 where the flow-through or eluate leaves the system, which
increases, 1in particular for long-running cycles the amount
of additional man hours for no increase in productivity. Ag a
conseguence, the running of purification cycles is set such
that the time where the flow-through or eluate leaves the
25 system falls within the regular working hours of the
operating perscnal, which in turn restrictg the timing and

the number of purification cycies to be run.



It is therefore an object of the present invention to provide neans to
overcone certain di sadvantages of the current FPLC 5 based systens. In
parti cul awp 2011/i2989an obj ect to provide a nethod and systPemBRRa1a/0532pF oved
flexibility and/or productivity. According to the present invention,
this object is solved by 10 the subject matter of the following itens 1 to
23: 1. A Fast Protein Liquid Chromat ography (FPLC) based net hod for

purifyin A | ypept.i 8 GO in thefollovvlng st eps: a)
appl yi ng% Cisd epcD 215 pol ypeptide to a

chromat ogr aphi ¢ neans containing a stationary phase; b) separating
the polypeptide fromother nolecules contained in the |iquid solution by

passing tle 45 qlAsr sf614s i%h NG P Tt Fdss A Seidr i Ipieade oaf tche@rovide
chromat ogr.ay ct@%@@éleém %@9&9& rlﬂ%atd%%n%% Pid depfro g}&hﬁt FPLC

chromatograp Ic neans Tn a flowt rough or an ate and sterilizing the

f 1 ow Bhr dugledorsed iuate. cont gianitnguilhe, reacioyiesgdnpoj}qgmmndﬁ byof-iikr at i on.

25 2. The WQEP%P aCC dln O Iteﬂl%ﬁ Vwﬁ%ﬁ%é%é [%J?bfllty and/ox
productivity.

According to the present invention, this object ig solved by

10 the subject matter of the following items 1 to 23:

1. A Fast Protein Liguid Chromatography {(FPLC} based method
for purifying a polypeptide comprising the following steps:

a) applying a liquid solution containing the

15 polypeptide to a chromatographic means containing a
gtationary phase;

b) separating the polypeptide from other molecules
contained 1in the liguid solution by passing the liquid
gsolution through the stationary phase of the chromatographic

20 means;

c) recovering the polypeptide from the chromatographic
means in a flow-through or an eluate; and

d) sterilizing the flow~through or eluate containing

the recovered polypeptide by filtration.

25
2. The method according to item 1, wherein in step b) the
polypeptide interacts with and is retained by the staticnary
phase; and 1in step c} the polypeptide 1is recovered by
elution,

30
3. The method according to item 1 or 2, wherein in step d)

the filtration is vacuum filtration.



pol ypeptide interacts with and is retained by the stationary phase; and in
step c¢) the polypeptide is recovered by elution. 30 3. The nmet hod accordi ng
to item Iworop/0298%8rein in step d) the filtration is vaecumpRélboszzvion. WO
2011/ 029898PCT/ EP2010/ 063295 4. The met hod accordi ng any one of itens 1 to
3, wherein one or nore of the steps a) to d) are automatically controll ed.
5 5. The nethod according to any one of itens 1 to 4, wherein the stationary

phase is ,a bigpal r, inorganic_polyner _or synthetic _pal r, each, of
whi ch naf'opt&%ﬁa%%%jﬁﬁvea?g%%%%%ﬁaﬁxﬁr555% %%ubpgﬂstﬂer%gg?’ow FEeq™
menbr ane o@e Merol mbhte 10f 6.:hAN autkowat ad Fast Bnot el LeQdbBatically
Chr omat ogr aphy éFPLCD system configured for purifying a pol ypeptide
accor di nGP6*PHé et hod of any one of items 1 to 5, conprising i) a
chromat ography nodule; and ii) a filtration nodule arranged 15 after the
chromat ogr aphy nodule. 7. The system according to item 6, wherein the
filtrati é&n no@bkemethpd sesocattingast eng bkt pdt ilarmseanscf ar, sherelie

filtrating a flowthrough or an eluate containing the 20 pol ypeptide
recover e Fs T M EHToNRPGTF aglly hotaPEoTE e SOl ar Haaher BT oF
control | isRerchbe 18t erddieidd t r aghOn byrt herater easty ongpfibhiat{ onnarans.

functional groups coupled thereto, or is a membrane or
monolith.

i0
6. An automated Fast Protein Liquid Chromatography (FPLC)
gystem configured for purifying a polypeptide according to
the method of any one of items 1 to 5, compriging 1) a
chromatography module; and ii) a filtration module arranged

15 after the chromatography module.

7. The system according te item 6, wherein the filtration
module comprises at least one filtraticon meansg for sterile
filtrating a flow-through or an eluate containing the
20 polypeptide recovered from the chromatography module, and a
contrel means for controlling the sterile filtration by the

at least one filtration means.

8. The system according to i1tem & or 7, wherein the
25 filtration wmodule comprises more than cne filrration means
for sterile filtrating a flow-through or an eluate containing
the polypeptide recovered from the chromatography module, and
for each filtration means a functicnally connected control
means for controlling the sterile filtration by the

30 filtration means.

9. The system according to item 7 or 8, wherein the sterile

filtration is driven by applying a vacuum.



8. The system according to item®6 or 7, wherein the 25 filtration nodul e
conprises nore than one filtration neans for sterile filtrating a

fl owt hr omiglzoro298¥8el uat e contai ni ng the pol ypepti de reecr@apedofsizost he
chromat ogr aphy nodul e, and for each filtration neans a functionally
connected control means for controlling the sterile filtration by the 30
filtration neans. 9. The system according to item7 or 8, wherein the
sterile filtration is driven by applying a vacuum WO

2011/ 029898PCT/ EP2010/ 063295 10. The system according to any one of itens

7-9, whern tire oM SBABSACARPEICS&mAt cheagls one=®d eetbi Catly-cRever ed
relay, optionally conpr|5|ng an input termnal and output 5 term nal for

control Byea CEHERL ﬁ@aﬁﬁaﬁ§mﬁéﬁ§@§taﬁeé§ﬁ3§n@ﬂ@Ié@ﬁﬁ@ﬁé@ﬁéﬁYC@pwﬁaﬁﬁe
both Tuncld:onal | %, £o0Rgel 80 comyr ikhingNg, SYSHAN accordlag 8, p%u%gﬁtof

itenms 7-10, rern eac NtTGl Hearns conprises an e rica
reIayslouanmxmakﬂﬁﬁnr&mmﬁ$mm|balavabm@utbaghmaﬂnﬁlomailatcmaaectede 12.

The syste cordin e of 7-11, erein the control neans
conpri ses q%ﬁgl h% aﬂ 5Fﬁ%t%§€FﬁﬁﬁQP &r CEOREFGFEYyY a conputi ng
means. 15 13. The systen1accord|ng to any one of itens 10-12, wherein the

el ectronechani cal valve is used to control the delivery of supply of vacuum
to the filltrafdonsrneaas. azgoraiin@hetcsy%mewa@c@rfdm@em@ anyOonehefreinens

[l
1013, where) nobhe o egtoquechanl caloyalue S SONON A BiLhe ociay

el ectri y powered rel e s s em-accordi
|ten3010ah@,awhemewmr%&eKMQnabeatwaﬂﬁehabbcalfw&b%eomalayseb&ﬁ@bdewalve.
16. The system according to any one of itens 6-15, wherein the filtration
means is a filter cup.

12. The system accoxding to any one of items 7-11, wherein
the control means comprises an input terminal and output
terminal for contrecl by a computing means.

15
13. The system according to any one of items 10-12, wherein
the electromechanical valve is used to control the delivery

of supply of vacuum to the filtration means.

20 14. The system according tc any one of items 10-13, wherein
the electromechanical valve is controlled by the electrically

powered relay.

15. The system according to any one of items 10-14, wherein

25 the electromechanical valve iz a solenoid valve.

16. The system according to any one of items 6-15, wherein

the filtration means is a filter cup.

30 17. The sgystem according to any one of items 6-16, wherein

filtration comprises four filtration and four control means.



30 17. The system according to any one of itens 6-16, wherein filtration
conprises four filtration and four control neans. WO

2011/ 029896Ra/EPA810/ 063295 18. A filtration nodul e coofirpariedei20F t he
aut omat ed chromat ography system according to any one of itens 6-17,
conprising at |east one filtration nmeans for sterile filtrating a solution
contai ning a polypeptide and a control 5 neans for controlling the sterile

filtratiaqn by,the. af. |east filtration, . 19. The filtrati dul
of i tom 18 Loy TG mOre KR ORe FEVCAACEOR mots 1 bRest argaced

filtrati nhrans@ddtriz@hylO0s¢onéai RIRG AN POty Pepli dene aRd fOfegach-17,
filtration neans a functionally connected control means for controlling the
sterile fAMHEtIEY by2k hel®RFEratiign redigatizgy TReARF| t £8FI oFtesddle of

item 18 ‘i@% EM% (grggfﬁ%dghf'éﬁg ﬁ no e =S e our filtration
nmeans an lfoura co%{ r ol rreanls, V\%er e%y %ygﬂ%ngﬁgﬁéggt %8% %egr?éltl g%
f unct 5 onaldanscdmectaedwltlhi gy comnt retenmebnsf i1 2tat Aosohyr chemaanseast

configured f%§1the filtration nmodul e 20 according to any one of itens
18-20, cSHST iTsitg At FedSe She el ectrical |y powered relay, optionally
conprising an input termnal and output termnal for control by a conmputing

means, and at | east one el ectronechani cal valve, both functionally
connect ed:? -25 Thgp I adortt ono®eans Cacddrli g t ocPTReRE 2109 cBAPEi $ibAag nore

than one glectd;i¢al 'tﬁo%o"‘ﬁ{?%%sr ely, qnti9nall %i&%’}%rtii%i g Jmoreqthan,one
i nput termnals and nore than one output termnals tor control by a
conpudi ngsystiemnaanthenopel yhapt 88 pnandl €ctr aeohafi tatavabvessabet b

functionally conn 3Fed. 23. The contro# means according to.i.tens 21 or 22,
wherein t 9ﬁﬁﬁ¥§1yheﬁﬁ§n885ﬁ i SESTFOOr TS f Faedd the

sterile filtration by the filtration means.

20. The filtration module of item 18 or 19, wherein the
15 filtration module comprises four filtration means and four
control means, whereky always one filtration means is

functionally connected with a contrcol means.

21. A contrecl means configured for the filtration module
20 according to any one of items 18-20, comprising at least one
electrically powered relay, optionally comprising an input
terminal and output terminal £or contyol by a computing
means, and at least one electromechanical wvalve, both
functionalilly connected.
25
22. The control means according to item 21, comprising more
than one electrically powered relay, opticnally comprising
more than one input terminals and more than one ouﬁput
terminals for control by a computing system, and more than

30 one electromechanical valves, both functiconally connected.

23. The contrcl means according o items 21 or 22, wherein

the contrel means comprises four relays and four valves,



WO 2011/ 029898PCT/ EP2010/ 063295 wher eby al ways one relay is functionally
connected with one valve. Directly sterilizing the flowthrough or eluate
once it ha® 2811/2pg98t he chr omat ogr aphi ¢ neans such as a POTiHPR@A63205 col umM
allows it and the bionol ecule contained therein to be securely stored over
a longer period without the risk of spoilage(i.e. using in-line sterile
filtration carried out directly after chromatography). In this manner, the

10 licati i f bly_di t.ed devi whi ch [
chr ot og SIS oL S S S UG Yerit] v SPRATEE L Bf Ravart erar Fit pacion
means (i wv&lvw@re than 1"). The advantage of such a devise is that the

eluate fornmed after passing the chromatography nodule will run through a
nunber 15 of parallel filtration neans which allows to filtrate a nuch

gr eat er %9&&5&1% i0e-1 ol i pha @ﬁ‘é%@thkgﬁgkc%@paéﬁﬂaéé) QEXécﬁﬁD:JMé%re one

chr omat ogr aphy ans 1s connected to only one filtration neans). to the
so obfai nedtmucke qubckert dgtdaplate onedhe susk ab spoubdde cef ithe cprlotmei ns to
be 20 purified iswgreat y reduced. Thus, the present method .and system

, t
al l owns i Horédted 11 e 1Y | RO e gesr HETEA e£C BEEN

el apsed tddmmyaiid, MBRoREYr AN he T&sucedpbyiall o fg-unattendeds 25 o ¢
overni ght cycling, thereby increasing the productivity of the system
Mor eover SRS IRFS/dcifum 16 09 atlitont idsesshet 1 & t & tha tdyst eprtyhadi esitas

voul d adding.an 0 Leect! | LAl il vol- Dy, pr essute. This allage.a fagier

oughput ere the system pressur t is an issue.

20111 029888PCHER2010/ 063285 ferably directed to a device which
comprises one chromatography medule and subseguently a
number of parallel filtration means (i.e. "more than 1"). The
advantage of such a devise is that the eluate formed after
passing the chromatography module will run through a number

15 of paraliel filtration means which allows to filtrate a much
greater volume of the liguid in a given time (compared to
devices where one chromatography means ig connected to only
one filtration means}. Due to the so cbtained wmuch quicker

filtration the xisk of spoilage of the proteins to be

20 purified ig greatly reduced.

Thus, the present method and system allows increased
flexibility in timing the running of the cycles. Both elapsed
time and man hours can be reduced by allowing unattended

25 overnight cycling, thereby increasing the productivity of the
system. Moreover, using vacuum filtration does not alter the
system dynamics as would adding an inline filter driven by
pressure. This allows a faster throughput where the sgystem
pressure limit ig an issue.

30



Brief description of the draw ngs Figure 1 is a schematic presentation
of a control neans of 5 the present invention conprising one electrically
power ed BWD20el@y8%9and one gas sol enoi d val ve. Fi gur e PRTIEP2@1086320FAt | C
presentation of another control neans of the present invention conprising
an array of four 10 electrically powered EUL relay and four gas sol enoid
val ves. Definitions 15Unl essspecifi edot herwi seherein,theterns "pol ypepti de"
and "protein" refer to conpounds forned fromat |east two am no acids. The
"pol ypepti de" or "protein" may have catalytic or binding activity. The
"pol ybepprdef esdyigitdion’ ofayhke drib@ingast ance, but not |imted to, an
enzynme 20 or antirbody such as a domain or single domain antibody. For the
pur pose of the present invention, both terns may be used interchangeabl e.

U o5 SRagled, OLBOLW SENEAD. pl BEL L oATLA0 AGLH 2 SRCOfRasses any
organi ¢ compound conprising at |east one amno group and at |east oné

aci di & grohwp pr|seraminmy saciicne apripe i imat onal ey coteurrilng comeaedd EOL. be of
synthetic aqrigin. Preferably, the amino acid contains at |east one primary
ani no gr&ﬁgaéﬁdy¥ﬁ A |95 5O0RECEEY 56Xy S c acid group. The 30 term "anino
acid" also refers to residues contained in |arger nol ecul es such as

peptides and proteins, which are derived
Figure 2 1s a schematic presentation of another control means

of the present invention comprising an array of four

10 electrically powered EUL relay and four gas solenoid valves.

Definitions

15 Unless specified otherwise herein, the terms
“polypeptide” and “protein” refer to compounds formed from at
least two amino acids. The “polypeptide” or “protein” may
have catalytic or binding activity. The ‘“polypeptide” or
“protein” may be, for instance, but not limited to, an enzyme

20 or antibody such as a domain or single domain antibody. For
the purpose of the present invention, both terms may be used

interchangeable.

Unless specified otherwise herein, the term “amino acid”

25 encompasses any organic compound comprising at least one
aminc group and at least cone acidic group. The amino acid can

be a naturally occurring compound or be of synthetic origin.
Preferably, the amino acid contains at least one primary
amino group and/or at least one carboxylic acid group. The

30 term “amino acid” also refers to residues contained in larger
molecules such as peptides and proteins, which are derived

from such amino acid compounds, and which are bonded to the



from such am no acid conpounds, and which are bonded to the WO
2011/ 029898PCT/ EP2010/ 063295 adj acent resi dues by neans of peptide bonds or

pept i donmwet2otl/desds . Unl ess specified ot herw se@CTiERROIB632OS
"stationary phase" 5 refers to a solid material which interacts with
substances in a liquid solution. Unl ess specified otherw se herein,

the term"eluate"” refers to a liquid which | eaves a chronmat ographi c neans
and 10 has. renoved or .di ssolved away substances retained by a stationary
phase frdHAHE Lt afC6naRFSphale Reatls Clﬁrsﬂ BEBTdfECi PPRUS otPier Wk ¥t ei n,
t he ter mpidcowd Hough" refers to a liquid which passes through and | eaves
a 15 chromat ographi ¢ neans w thout renoving or dissolving away substances
retained by a stationary phase fromthe stationary phase. Unless specified

ot herwi se herejn, s "10 erile 20 filtrate' _and."steril W
filtration” r?fngres{%esfé?g&eﬁsllerﬁ nat |e03¥nvsjb e’co%kf‘%m%’%gﬂﬁt s “stUCh a8 "/ ér'dorgani sns
(e.g.5 bactfenisa,td ungioletd matferdmlt e ifdrovistdereugs oritel water s ddhan
filtration _process, the contami nants are retained by the filter, thereby
separ at i iy P EoMAHTE s from the other conponent(s) 25 contained in the
fl owthrough or eluate. Detailed description of the invention 30In one
aspect, the present invention provides a FPLC based nethod for purifying a
pol ypept i de. Thd anst hedecorpeisestiidier fod | Owinsg st epse  term “eluate”

refers to a liquid which leaves a chromatographic means and
10 has removed or dissolved away substances retained by a

stationary phase from the stationary phase.

Unless specified otherwise herein, the term “flow-

through” refers to a liguid which passes through and leaves a

15 chromatographic means without removing or dissolving away
substances retained by a stationary phase from the stationary

phase.

Unless specified otherwise herein, the terms “to sterile

20 filtrate” and “sterile filtration” refer to the elimination
of contaminants such as microorganisms (e.g., bacteria, fungi
etc.) from the flow-through or eluate. In the £filtration
process, the contaminants are retained by the filter, thereby
separating the contaminants from the other component (s)

25 contained in the flow-through or eluate.

Detailed description of the invention

30 In one aspect, the present invention provides a FPLC
based method for purifying a polypeptide. The method

comprises the following steps:



WO 2011/ 029898PCT/ EP2010/ 063295 a) applying a liquid solution
contai ning the pol ypeptide to a chromatographi c nmeans containing a

st at i onarwophH29898 b) separating the pol ypepti de Pcompealo®s32e®] ecul es
5 contained in the liquid solution by passing the liquid solution through
the stationary phase of the chronmatographi c neans; c) recovering the

pol ypeptide fromthe chromat ographic neans in a flowthrough or an eluate;

and 10d)sterilizing the.fl owthrough or. eluate containing the recovered
pol ypep%ide bﬁ)filgPEE%HS a Tﬁgq@ﬁfionaﬁé’g%&ﬁpc eSS a1 gsed 57 t he

present igwemleh@ldes acgeans usualhinceaRbened i Nmeghym Jd&Ghioy ography,
menbrane chromat ography or nonolith chronmatography for purifying
pol ypept idés 1&mG Tpr BHEiS¥s. Such nmeans are well known in the art. In sone

enbodi nents, the c phi I . i.ficatian l,u The
purification %c))l umg,égggtaggég [ %ﬁ%m%%nﬁgé%s O} e%be%gfle\gglrliegbl e
si ze and domerirgidangter tbent aigung asslatioenaryy phassienemal | yiquhe size

and inner_dianeter of the tube ranges froml cmto 30 cmand 0.1 to 5 cm
respect i \F’éﬂff.tl%é\}”éﬁou PR 2R IOMEEY UBRPRRYCS5 6 GHTCEAS O 2PRE Ot ube
may be madeeut of glass or metal such as stain-less steel. The
purification colum may be selected fromcommercially avail abl e
purification €3l unBscsuerias, that PrROVPEPHiILEed from Thiec chrPNacobuwapRSic

M ni Bead%lgﬁgoliﬁngsf 1%@5%%'ghmogogﬂng§ualégTr apn’* colums, H LoadTM
I Prep™ ' ’

col ums,
190 d) sterilizing the flow-through or eluate containing

the recovered polypeptide by filtration.

The chromatographic means, as used in the present
inventicn, is a means usually employed in column

15 chromatography, membrane chromatography or monolith
chromatography for purifying polypeptides and proteins. Such

meang are well known in the art.

In some embediments, the chromatographic means is a

20 purification column. The purification column, as used in
these embodiments, is a tube of variable size and inner
diameter containing a stationary phase. Generally, the size

and inner diameter of the tube rangesg from 1 c¢m to 30 cm and

0.1 to 5 cm, respectively. However, the size of the tube may

25 go up to 2 m. The tube may be made out of glass or metal such
as stain-less steel. The purification column may be selected
from commercially available purification columns such as, but

not limited to, Tricorn™ columns, MiniBeadsg™ columns,
RESOURCE™ columns, HiTrap™ columns, HiLoad™ columng, HiPrep™

30 columns, Superdex™ columns and Superose™ columns.
Alternatively, the purification coclumn may be prepared in a
laboratory setting by packing a stationary phase of choice

into an empty column bedy. Examples of commercially available

10



30 colums, SuperdexTM col unms and Superose columms. Alternatively, the
purification colum may be prepared in a |laboratory setting by packing a
st at i onarwophage9898 choi ce into an enpty col unm body. EramPe& 0063295
comercially available W 2011/029898PCT/ EP2010/ 063295 col um bodi es are
the GE Healthcare XK series and the MIIlipore Vantage series. The
stationary phase is a solid filling material and may 5 be a bi opol yner, a

synt heti c_pol yne r_an inorganic | yner_. . The bigpol ymer, may be sel ected
fron1celfﬁﬂ8gé, g8§9?5neagﬁ agg?osgg'ﬁgé%ﬁﬁﬁ?ﬁﬁidgﬁoﬁﬁﬁﬂﬁﬁhafﬂﬁb $8Fect ed
f rom pol yagnyhkamedeanetRagkylial-e or pol yvi nyl benzene/

pol ystyrene. Thei norgani ¢ pol yner may besilica, 10 hydroxyapatite or porous
gl ass beads. Where appropriate, the filling material may further have

coupl ed there f L .9 i ¢ch_all.ow_.t.he .specific.interaction with
t he polypeptigg? gg%%lggﬁg i%ﬁ%%%gg%u%ssgéigbggﬁgﬁ %aﬁgtﬁgFaﬁi%F%eEagb,

quat et narfe kydrioxypyopyl, di etinrheariongetlipyk rlor( @AE) nogdahe kn @by vinei-net hyl
aninoeth%] (g%v?dietQ¥l amn ethgl (DEAE) , carboxynethyl (CM, sulfomnethyl
(5), sul FOr OPYAPUSBIET TREYf difct FOHET CHF 0bpORay i S0 BE a GFoLFA=pelitic or
nonospecizgag-cskgandrisdichsas tdespeci fdf - Ridwdi ngapar tper Lo Lhe-fpol ypeptide
of interest, e.g. an antigen in 20 case of an antibody, or visa versa.

| n ot her rentyddirmeatddet he chieraPeglapiiec neans i s apeasivagydbevckosn

cont ai ni ne as.the i ry p e. The colum.may be.a tube as
describegg%%gvg. %%' %hﬁbnbﬁéﬁgggggF us %? hr onkfdgr apfy afé weF known
in the aftydrbhgapenbranemmodecofposedboddonewner8Daepkayenscef Okhe
i nstance,_.but, no two, three or four Iagers. The matri x

0

t limted to, ,
mat eri al “of-‘tHe W&ﬁg T b Bt not VE i iPtRdS30TPEretel IFuP6SeonABdi f i ed
cel | ul 0S@rofb@ss WHinked £el byl 0sge Nity-0qelil-ul 05ROl yaN de,sugh ag Nyl on,
pol yvi nyl” chloride (PVC) or polyvinylidene fluoride (PVDF).
polypeptide. Such functional groups may be, but are not
limited to, gquaternary hydroxypropyl diethyl aminoethyl
15 (QAE}, gquaternary trimethyl aminoethyl (Q), diethyl
aminoethyl (DEAE), carboxymethyl (CM), sulfomethyl (8),
sulfopropyl (SP). The functional group may also be a group
specific or monospecific ligand such as a specific binding

partner to the polypeptide of interest, e.g. an antigen in

20 case of an antibody, or visa versa.

In other embodiments, the chromatographic means is a
caging or column containing a membrane as the stationary
phase. The column may be a tube as described above.

25

Membranes for use in chromatography are well known in
the art. The membrane may be composed of one or more layers,
for instance, but not limited to, two, three or four lavers.
The matrix material of the membrane may be, but not limited

30 to, cellulose, modified celluloge, crogsg linked cellulose,
nitrocellulose, polyamide such as Nylon, polyvinyl chioride

(PVC} or pclyvinylidene fluoride (PVDF).
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WO 2011/ 029898PCT/ EP2010/ 063295 I n ot her enbodi ments, the

chromat ographic neans is a casing or colum containing a nonolith as the

st at i onarwophage9s9fhe col utm may be a tube as descri bedprab@mpreo10Hb4209] i t hs
for use in chromatography are well known in the art. In certain
enbodi nents, the filtration in step d) is vacuumfiltration. 10 In
anot her aspect, the present invention provides an automated system for FPLC

based nethods._In rticular, the invepntio rovi des an. aut onated, FPLC
syst em conf i g&r“edo‘%)% T oGS ol )tzB@pt‘?r}H%‘%tb?ﬁ]ﬁq%l‘f o"ERESnethod

det ai | ed ddfsiahpver Therswst %@rﬁfaitnll@qu' ny entd I 1GNP LS esy @ %a%'l%tr&%ﬂphy
nodul e and a filtration nodule. The filtration nodule is arranged aft'er the
chr omat ogthaff MBIl UTHe Teht difattodrdish @ sndéuica idfeqt ldodvwevent i ve system 20
conprises a chronmat ographi c nmeans, a punp, a detection systemand a control
unit. In addition, the chromatography nodule of the invention nmay conprise
an aufosanpl eMcamd/iahsa feactisen iool &ectestodszahehrnewategr aphyowadulke an
AKTA' FPLC .devi ce manuf actured and provi ded by GE Heal thcare, Chal font St.
25 G | es, " hitéd Ki ngdom may be used in the present invention. The

chr omat ogr aphi ¢ nmeans is as descri bed above. The punp allows for a constant
flow of liquid through 30 the system The col um chronmat ography nodul e may
conpri se nor e Ithate vl pumpbobemenist antlee atl taett ilonni ted sttep tdb, is

vacuum filtration.
10
In another aspect, the present invention provides an
automated system for FPLC based methods. In particular, the
invention provides an automated FPLC system configqured for
purifying a polypeptide according to the method detailed
15 above. The system of the invention comprises a chromatography
module and a filtration module. The filtration module isg

arranged after the chromatography module.

The chromatography module of the inventive system

20 comprises a chromatographic means, a pump, a detection system
and a control unit. In addition, the chromatography module of

the invention may comprise an autosampler and/or a fraction
collector. As a chromatography module an AKTA™rpLc device
manuractured and provided by GE Healthcare, Chalfont &5t.

25 Giles, United Kingdom, may be used in the present invention.
The chromatographic means is as described above.
The pump allows for a constant flow of liguid through
30 the system. The column chromatography module may comprise

more than one pump, for instance, but not limited to, two,

three or four pumps. The pump may be a peristaltic pump. The

12



three or four punps. The punp nmay be a peristaltic punp. The WO

2011/ 029898PCT/ EP2010/ 063295 punp nmay al so be a di aphragm checked pi ston
or | obe pwopoiifinessBl ow rate of the punp may range from @COEP2010/08205 i / mi n.
The detection systemallows for the detection of the 5 nol ecul e(s) |eaving
t he chromat ographi ¢ neans. The detection system my be a W
spectrophotoneter. Alternatively, the detection systemmy also be a

conducti vi flow ¢ pH. el ectrode. . 10The control uni |l ows for an
ot omat e VT Bo8alh & SPLArRSNEBNeRPEoFAS CORYSl Y LoRRy ThEeL
conput i NgrHE aNSWEXeEH 0T taeC P afaypregicemirinc b, oont el s ceaeh /sist.em

conponent. The conputing neans nay be a personal conputer having | oaded
t hereon the conputer programwhich is executed 15 by the processor of the

computer._The (SQIDULENg. IBANS IBal 501 B8, @ el WORK_ UL SLighto: The,e

conput er program nmay r control tware aval l e from GE
Heal t hcanme;l<Chald @it Eav:@g eshe UnhtedaKoggaiom c Theathll. Cm ldet@@:rturcml
sof tware |sﬁ$gereferre by th resen

| t
AU L R I S L I L LR A R

sterile fidddatidig B leamnd=Rr @u% We an RIrle ikecavened; fdam thea pu
chromat ogr aphy nodul'e, and a control neans for controlling the sterile 25

f||trat|(§9riLet§§ﬁxtCWee at |least one filtration means. The filtration nodul e may
conprise nore than one filtration neans and/or nore than one control neans,
for instance, but not limted to, two, three or four filtration neans
and/b¢ two, tHiee camtiraur wednt rdllovearfor 30 avtomabled fadritratll @f reeahs
allows the flowthrough or eluate to Ee sterlle filtrated, |

cont anmi nantt LUcH ST Er oot ganFSRE T are Yt tniTat ek&ef?oﬁlof“ﬁ’éltflpé'vv-mt@l‘?’fq&ugh or

executing a computer program which controls each gystem
component. The computing means may be a personal computer
having lcaded thereon the computer program which is executed
15 by the processor of the computer. The computing means may
alsc be a network thin client. The computer program may be
the UNICORN™ control software available from GE Healthcare,
Chalfont 8t. Giles, United Kingdom. The UNICORN™ control
software is preferred by the present invention.
20
The filtration module of the inventive system comprises
at least one filtration means for sterile filtrating a flow-
through or an eluate recovered from the chromatography
module, and a control means for controlling the sterile
25 filtration by the at least one filtration means. The
filtration module may comprise more than one filtration means
and/or more than one control means, for instance, but not
limited to, two, three or four filtration means and/or two,
three or four controel means.
30
The f£iltraticn means allows the flow-through or eluate
to be sterile filtrated, i.e. contaminants such as

microorganisms are eliminated from the flow-through or

13



WO 2011/ 029898PCT/ EP2010/ 063295 el uate. The filtration nmeans is a device
containing a filter. In one enbodi nent of the invention, the filtration
means i s wof2niessssup, al so referred to as vacuum dri vemrChareée/o62psfilter.
Filter cups are well known in the art. Using a filter 5 cup allows the

fl owthrough or eluate to be directly collected and subsequently sterile
filtrated wthout the need of transfer. The pore size of the filter nay be

in the range of 45 ta 0.1 Am for instance, but not limted to, 0,45 Am
0,22 pm GHIE TS (K ARk Jot o A £ e ST 216 F e
range of 1 4 @ufhchiMBHelAE M GHROTdR/M S EheS UGh t3% NG §ldads ik &
particul ar enbodi nent, the pore size of the filter is 0.22 Am As detailed

above, tHe ISt FEPH | 3t | sAfApuyeBe Wi 9én Sy vadsdven |pothls dage, a
vacuum i & i t filtrati f.qr ci e Liquid._a ir
TRl ] 6d 9.1 e dd LLIALION EARG, Tof (0 Lhe ldayigd and it

t hr ough y the*application of negative pressure.
achi eved dayw supplowang tvize uufi dihs ougbuan vacuuneilnbket onot heef i IdiraidtQy means

| ocat ed on the side of the filter opposite 20 to the side holding the
li quid t&%@fﬁq%@?ﬁé{i.%ﬁ%@mf) Feriér dtled By-o8 VEChTRts Gl &7 ch

may be an,On dem@mnd- vaglipPDs 0F « PbpednyagyynLpupmy, Fhe ifi lhation means
and the vacuum source are connected via gas tubing and/or silicone
| abor at ot RC 25 IThE, c distr dinaigars: ofouthedtnvdmtiited dld,ows 4Gontr,ol | i ng

the sterig IéJ[ ragi byt filt i ans. e.control neans conprises

at | east Go’%ezf n](iac riég‘a Iymbgfv\%rie%l é%{‘%gg%!ﬁs%f‘%g&% gﬂgéuﬁvgf%ﬁt Stafhd at

| eastoonereltect nemecharfi ©ald s3G oval e, unb atdt sfiune triienaldrysearnectedn The

el ectri c%l Icy powered relay and the el ectronechani cal valve are functionally
acteria. In a particular embodiment, the pore gize of the

filter is 0.22 um.

Ag detailed above, the sterile filtration may be driven
15 by vacuum. In this c¢ase, a vacuum ig supplied to the
filtration means forcing the liguid and air through the
filter by the application of negative pressure. This 1is
achieved by suppliying vacuum through a vacuum inlet on the
filtration means located on the side of the filter opposite
20 to the side holding the liquid to be filtrated. The vacuum is
generated by a vacuum source which may be an on demand vacuum
pump or piped vacuum pump. The £filtration means and the
vacuum source are connected via gas tubing and/or silicone
laboratory tubing.
25
The control means of the invention allows controlling
the sterile filtration by the filtration means. The control
means comprises at least one electrically powered relay or
solid state equivalent, and at least one electromechanical
30 wvalve, both functionally connected. The electrically powered
relay and the electromechanical wvalve are functionally

connected via an electric circuit. The electric circuit may

14



connected via an electric circuit. The electric circuit may WO

2011/ 029898PCT/ EP2010/ 063295 be conposed of high input inpedance voltage
sensi ng rebDayi1/02p898 hysteresis settings. The control neaOI/APAYI0OIZPF I Se
nore than one 5 electrically powered relay and/or nore than one

el ectromechani cal val ve, for instance, but not limted to, two, three or
four electrically powered relays and/or two, three or four

el ectronmechani cal valves. |n certain enbodi nents, the control neans of the
i nvent i orP%ofprPeEedaPf o a9l ay PBRET iiPGEInGRs . voltage TReNESEagt riekay vy

povered rgl@y WRy-de- & 4 avpovered relay. It may be powered by a dedicated
24V DC power stupply unit, which may be installed in the sane encl osure as

the 15 relay. In certain enbodinents, the relay is powered by a 24V DC
power supply. The el.ectrically powered relay is controlled by a
control unit. The cgﬁpﬁgpluni?eﬁﬁﬁ béQ%YcoﬁﬁﬂFFﬁ'@heaW?rﬁo eXeTht i %
conputer guegainadich cpokepks theegwit chifigsfr t hemgebay. than coridol by
a conputing neans, the electrically powered relay conprises an input

terninal SiRFEHPHATRALIIRY niRareal |f&% n§ e FRNEDNNEELI oirof 1imetedl &P.to t he
ti - t al ' 7t ' | |
conputi ng.ansy Lo ¢ar ea)@re@@eekg?etggéycﬁgﬁér%%rﬂ@ﬁgyy%o %gﬁzgger% rel ay

is controlled by the control unit omat ogr ap escri‘be
above. | nderaai nenbodifiment s, eheoheomaphenetbett r onethani cal Iwval ves-tarie

sol enoi d val ves. Sol engji d val ves. 30 are el.ectromechani.cal val ves for use
with Iicuﬁm %éi%ﬁé§8, L YEYES: “nedhE St %Ee q%vent;on compfises an

10  array of four relays.

The electrically powered relay may be a low powered
relay. It may be powered by a dedicated 24V DC power supply
unit, which may be installed in the same enclostre as the

15 relay. In certain embodiments, the relay is powered by a 24V

DC power supply.

The electrically powered relay is controlled by a

control wunit. The contreol unit may be a computing means

20 executing a computer program which controls the switching of
the relay. For control by a computing means, the electrically
powered relay comprises an input terminal and an output
terminal allowing the connection of the relay to the
computing means. In certain embodiments, the electrically

25 powered vrelay is controlled by the control unit of the

chromatography module describe above.

In certain embodiments, the one or more
electromechanical valves are golenoid valves. Solencid valves

30 are electromechanical wvalves Zfor use with liguid or gas
driven by running or stopping an electrical current through a

solenoid, thereby opening or closing the valve. The solenoid

15



driven by running or stopping an electrical current through a sol enoid,

- thereby opening or closing the valve. The solenoid WD

2011/ 029896RCT/EPA810/ 063295 nmay be a coil or wire. |n partEPCUoA53295

enbodi nents, the solenoid valve is a gas solenoid valve. In particular
enbodi nents where vacuumfiltration is 5 perfornmed, a gas solenoid valve is
used to control the delivery of a supply of vacuumto a filtration neans.

I n these enbodi nents, tge as solenoid is arranged between the filtration
means and*dhe RracGumEodr cBF 16 Exanptes particu STERSHENGHTS ¢ hedhe

confi gur add hdfa the wontd of Jmanslishgiven v Figure 1. The control neans
shown in Figure 1 is constituted of a 24V DC power supply, a EUL relay and

a gas solenoid valve within a single enclosure. The conponents are 15
connect ed by ecirical,. wrin Vi rmnals E2 and M relay is
connected to E%N éggggcﬁwh% Sg% O%é? Tﬁ%ﬁ%ﬁ?ig?cagWic ?fF%%%ﬁ%?idéiy.
The gas smehoindtdial we bascosneehetdt ordleram fdal sutddantds 12-@fttde Ede

relay. 20 furtherogxanple for the configuration of the control neans is

gi ven i n $GGUHE 2. ©Fhé cBRPPOY Eand@SHdhn i i qurd 2L oAUt €@ of a
24V DC powedses Unidya i how s EUERE ehaws and Q@Saz'%?éﬁggadb}é%é%ﬁ Whihi n a

singl e enclosure. The conponents are connected by electrical wring. Each
of the 25 Ildirafis drs megmise@ret Wiea vislteium tsenyriasal E2 to either PIN 6, PIN 7,
PIN 8 or PIN 9 of an AKTATnpurifier device, while being connected to PIN5
of the AKTArYpurifier device via termnal M Each of the gas sol enoid
val ves | Exomiested to termnals 11 and 12 of one of the EUL relays and is
therefore 30 1 ndependently controlled by the AKTATY purifier device.
One 'example "for the configuration ©f the control means
ig given in Figure 1. The control means shown in Figure 1 is
constituted of a 24V DC power supply, a EUL relay and a gas
solenoid valve within a single enclosure. The components are
15 connected by electrical wiring. Via terminals E2 and M, the
relay 1is connected to PIN 6 and PINI 5 of an AKTA™purifier
device, respectively. The gas solencid valve is connected to

terminals 11 and 12 of the EUL relay.

20 A further example for the configuration of the control
means is given in'Figure 2. The control means shown in Figure
2 1g constituted of a 24V DC power supply, four EUL relays
and four gas solenocid valves within a single enclosure. The
components are connected by electrical wiring. Each of the
25 relays 1is connected via their terminal E2 to either PIN &,
PIN 7, PIN 8 or PIN 9 of an AKTA™purifier device, while being
connected to PIN 5 of the AKTA™purifier device via terminal
M. Each of the gas solencid wvalves is connected to terminals
11 and 12 of one c¢f the EUL relays and 1is therefore

30  independently controlled by the ARTA™purifier device.

16



WO 2011/ 029898PCT/ EP2010/ 063295 The above configurations allow the
UNI CORNTm control software to control the solenoid val ves, and thus, the
del i very wb 2211329898y of vacuum 5Both, the above-descri lpet/HrP2é10/06320HN

nodul e as well as the control nmeans enconpassed therein represent further
aspects of the present invention. According to these aspects, a filtration
nodul e and a control neans are provided by the present invention which are
configured for,and_ thys t .10_used | n PLC .bas m AKTA Yacuum
control gadgetTh‘?hea%ﬁl?}%osgoggl%ﬁggiﬁﬁéva%%cgﬁnl?er oﬁﬁgﬁayé)é]{g i $Y0 Y

provi de admidaed wher ebyntheicotuan €blateid r ora bre AKTArsy stemscan tbe
sterilised without affecting systemflow characteristics in a way that

mai nt ai nSrEIEIEt CGud IFUPRANd GintéGHMy. This al l ows the AKTA systemto be
utilised for a greater proportion of the day as manual intervention 20
requi renents are reduced. To denonstrate the effect, a conparison of

runni g wi t h aedhw tHout abhes gadgetrilhsd pEovided ioRunmidng aniadhoweli hesgadget

25 he system.is set up at the begi nning of the working da t he
soi ent i stHY n SR asd Ay B PASSRoN] MECEY ™S HORF EERR of SrEnbr

appr oxi matsgleyté heurhd e seientinstnt-emdy esche dhyate sarplke ak@kcaral ysi s
or further processing, and the 30 systemis allowed to conplete its cycle.

From t hi & poi it" @l dsUmt ¢ | 2PAesf GPRGWORg ST rRF S heT ARTASSyBY e S t s
idle. W@f@&%ﬁp2§§&§§§§5§P%%&Q%0Q§%95configured for and thus tc be

10 used in an FPLC based gystem.

AXTA Vacuum control gadget

The purpose of the AKTA vacuum control gadget is to

15 provide a method whereby the column eluate from an ARTA
system can be sterilised without affecting system flow
characteristics in a way that maintains product guality and
integrity. This allows the AKTA system to be utilised for a
greater proportion of the day as manual intervention

20 regulrements are reduced. To demonstrate the effect, a
comparison of running with and without the gadget 1is

provided.

Running without the gadget

25
The system is set up at the beginning of the working day
by the scientist. In this case a c¢ycle 1s approximately 8
hours. After approximately 7 hours the scientisgt removes the
eluate sample for analysis or further processing, and the
30 system is allowed to complete its cycle. From this point
onwards until the following morning the AKTA system sits

idle.

17



If the AKTA was allowed to run unsupervised overnight 3 cycles could be
conpl eted. However, the output fromthe first cycle is held at anbi ent
(room tewperatazes®sfor 16 hours and the out put from thePsEEPUOOYRDE |S
held at anbient 5 tenperature for 8 hours. The AKTA is not a sterile system
and bio burden fromthe systemor fromlaboratory air is introduced. High
protein sol uti ons encour age i crobi aI growt h which affect spoilage of the

col | ected sa re in ve inpact _on _downstream anal ysis or 10
Further procodt: HE= PR ARt MRS gegbr THBSTBFPONER] BXBRDLa hng

per for _rrecéyuﬁle@g theLAKTA | & Eéié@r sygbeavethe st eitbsrsetr-ap ahet he
begi nni n% of the working dai y the scientist. Sufficient materials are
provi ded i@ s4l | &% the Hvache @ 86 carPyeBlt FIYO| eseBPeAPPEBRI EAR| ¥68
hours eagh, Af Lel SRLER QLS bk JYa! eluaas colhected bha ayt aul, Lrom
cycle one and sterilises t un e contr of the gadget fte

fifteen It@tmp@mlttezrel uate §roputhe seliondikYE| ési sidt kewesersier lslylsseuk

f ol | owed the t cyc eaft 23 hours eIut fromthe first cycle
o hel d PO T mone dar S Rnt e et Sy B7bur Ther DAk 6 UGV Erbbidl

growt h as mampdubbaoduced igincr ghesane wenvednby 2bcheasker nhcsbpgatilter,
| i kewi se for the second cycle. Sunmary QOperating w thout the gadget
restrict FRWENAKTRIUCH 3@ %ce%@mﬂew%u ohl yEiet hieplihetalr kispgrday .
Attenpti t ut f e he _pr oduct
sanpl es gr}%ng?at eg q%l ar&%g%nt ;ing)ng% otﬁgan éJﬁSf&Qeg %%ﬁ%%lg ngowth
WO 2041/ G28898PCTHAER26E0/1863295 Running with the gadget al | ows

maxi num utilisation to be nade of the automated chromat ography system

wi thout the risk of mcrobial growth. 5

Running with the gadget

The following example was performed using the AKTA

15 purifier system. The system 1s set up at the beginning of the
working day by the scientist. sufficient materials are
provided to allow the machine to carry out 3 cycles of
approximately 8 hours each. After seven hours the system has
collected the output from cycle one and sterilises it undexr

20 the control of the gadget. After fifteen hours the eluate
from the second cycle 1is likewise sterilised, followed by the
third cycle after 23 hours. The eluate from the first cycle

is held for 16 hours at ambient temperature but there are no
microbial growth as any introduced microbes are removed by

25 the sterilising filter, likewise for the second cycle.

Summary

Operating without the gadget restricts the AKTA to

30 produce material only within the working day. Attempting to
run the machine outside of the working day places the product
samples generated at risk of contamination and damage by

micrcbhial growth.

18



Havi ng thus described several aspects of the invention, it is to be
understood that the spirit and scope of the invention covers all possible
conbi nat iwO0Df 020898 above- descri bed enbodi ments. Furt hePoomP20101063295t 0 be
appreciated 10 that various alterations, nodifications, and inprovenents
will readily occur to those skilled in the art. Such alterations,

nodi fi cations, and inprovenents are intended to be part of this disclosure,

and are intended t.o be, th|n th and sco e of t, |nvent|on
Accordingly, tHe o ed %h é§%$gp gﬁ Ena‘ &5 Sy Cof>e

exanpl e enrlas oﬂNEHE”éﬁ@ﬁﬁﬁ@ﬁfcgﬁﬁﬁﬂﬁﬂgé9§$£ 5s§%@éﬂ5w1%h6uEa%heP&Q%@ n
Li qui d Chromat ography (FPLC) based net hod purifying a pol ypeptide

conpri si ®f FHEFBIEdnidRg“Steps: 5 a) applying a |iquid sol uti on containing
t he pol ypeptide to a chromat ographi c neans containing a stationary phase;

b) separating the pol ypeptide from other nolecules contained in the liquid
sol utbon by passing the liquid 10 solution through the stationary phase of

t he chronatogrgphlc %H 1Fﬁ?% recove r|n t he polypeptlde fromthe
chr omat ogr aphi 2 SR tiﬁY%ﬁa R Tat%e Cankde tnventgpn,
steriliziing the 4d opet hirQug ol vake col a's@'l@gt and scope of the
invention covers all possible combinations of the above-
described embodiments. Furthermore, it is to be appreciated
10 that wvarioug alterations, modifications, and improvements
will readily occur to those gkilled in the art. Such
alterations, modifications, and improvements are intended to
ke part of thisg disclosure, and are intended to be within the
spirit and scope of the invention. Accordingly, the foregocing

15 description and drawings are by way of example only.

12



the recovered pol ypeptide by filtration. 2. The method according to claim1,
wherein in step b) the pol ypeptide interacts with and is retained by the
st at i onarwophage9sdand in step c) the pol ypeptide is rec@oCemPdolopci205
elution. 3.The nethod according to claim1 or 2, wherein in step d) the
filtration is vacuumfiltration. 25 4.The nethod accordi ng any one of
clains 1 to 3, wherein one or nore of the steps a) to d) are automatically
controlled. 5. The nethod according t&ang one of clains 1 to 4, 30 wherein
the stationary phase is a biopol yners gani ¢ pol yner or synthetic

pol yner, each of which may optionally have functional groups coupl ed
thereto, or is a nenbrane or nonolith. WO 2011/ 029898PCT/ EP2010/ 063295 6.
An aut ondt-ed PasEspr Greits i duidy ichBraregrapmp FRIFEL By dtesrfce aiefthger ed

for purifai HeYel ti r.chi : d .of . f.clains 1
to 5 corsl & ma Ry A R R B st Mol o
arranged after)t heagiplgrmatogr aphy Inodulde. saluthensystemtadedrdi ng the cl ai m
6, wherein.the filtration nodule conprises.at |east one filtratjion neans
for sterHEFERGIAT at FRg & f | SWHHHFTRHT %61&n elNGaPE contaFat g d he @

pol ypept igde diesRMer ehfdeom t he chromat ography nodul e, and a control neans

for controlling the sterile filtration by the at |east one filtration
neans. b separating the polypeptide from other molecules

contained in the ligquid solution by passing the liquid
10 gsolution through the statiocnary phase of the chromatographic
means;
¢) recovering the polypeptide from the chromatographic
means in a flow-through or an eluate; and
d) sterilizing the flow-through or eluate containing

15 the recovered polypeptide by filtration.

2. The method according to claim 1, wherein in step k) the
polypeptide interacts with and is retained by the stationary
phase; and in step ¢) the polypeptide is recovered by

20 @lution.

3. The method according to claim 1 or 2, wherein in step 4d)

the filtration is vacuum filtration.

25 4. The method according any one of claims 1 to 2, wherein
one or more of the steps a) to d) are automatically

controlled.

5. The method according to any one of claims 1 to 4,
3¢ wherein the stationary phase is & biopolymer, inorganic
polymer or synthetic polymer, each ¢f which may optionally
have functional groups c¢oupled thereto, or is a membrane or

monolith.
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15 8. The system according to claim6 or 7, wherein the filtration nodul e
conprises nore than one filtration neans for sterile filtrating a

fl owt hr omiglzoro298¥8el uat e contai ni ng the pol ypepti de reecr@apedofsizost he
chromat ogr aphy nodul e, and for each filtration neans a functionally
connected control 20 nmeans for controlling the sterile filtration by the
filtration neans. 9. The system according to claim7 or 8, wherein the
sterile filtration is driven by applying a vacuum 25 10. The system
according to any one of clainms 7-9, wherein the control neans conprises at

| east ones el eqli | gatdya ponerader ehayte 0Pt i 0nal &y ceeBREESHREPAD | (HUlC)
term nal and output termnal for control by a conputing neans, and at | east
one 30 elBEITVheehRAigarevalive, BethtYimEt Porieixp t 84COTRERT  tO

2011/ 029898PCTLERZQ1Q{063295 L. The syst.em ac di.ng VAR | ai s
7-10, wherein each controﬁgneans conﬁ?ises a% g%%c%fié%ﬂﬁéﬂﬁgggfegfre ay
and ah el&ctamwrieshanival med@kve; both ifilnct | Dnattytconnectiede mri2ngEde

syst em accgor di to.an ne of _cl ai 7-11, wherein the control neans
conpri ses & n QQﬁéﬁékﬂgﬁﬁﬁ?%nﬁ 'Sernminal for control by a computing
means. 13. The system according to any one of clainms 10-12, wherein 10
the el ectronechanical valve is used to control the delivery of supply of
vacuum t @ ¢ he 19 t9%5%h IRAENEIINgG 4q. cTRensPst wheaedor dingg fid tamr iome of

clains 1Q- 1 L, ect c i cal lve | r e t.he
el ectri cgfc%% léghg%ﬁ%r %a%lgge?lgy.lé %% ?ﬁ% gf?%tt\g%t\g;%éloﬁﬂl%gé t gbgn?/s‘%\r%élo
clai 8 1G4 rathierei re t hElelecirougchant cabknvakveats a ceoltenoiitgvalahe 20

1o The systemaceording to agy one of claine, &5, whereln the filtration

control means for controlling the sterile filtration by the

at least one filtration means.

15 8. The system according to claim 6 or 7, wherein the
filtration module comprises more than one filtration means
for sterile filtrating a flow-through or an eluate containing
the polypeptide recovered from the chromatography module, and
for each filtration means a functiomally connected control

20 means for contrelling the sterile filtration by the

filtration means.

9. The system according to c¢laim 7 or 8, wherein the
gsterile filtration is driven by applying a vacuum.

25
1¢. The system according to any one of claims 7-9, wherein
the control means comprises at least one electrically powered
relay, optionally comprising an input terminal and output
terminal for control by a computing means, and at least one

30 electromechanical valve, both functioconally connected.
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17. The system according to any one of clains 6-16, wherein filtration
conprises four filtration and four control neans. 25 18. A filtration
nodul e combizgureesssBor t he aut omat ed chromat ography syst ecraPeaowds3zgst o any
one of clains 6-17, conprising at |east one filtration neans for sterile
filtrating a solution containing a pol ypeptide and a control 30 neans for
controlling the sterile filtration by the at |least one filtration neans.

VO 20111 Q2989ICTL FE010L00323P0 12 The Tddd Tt ! on, apue, of chal mils, -
conprising nore than one Trrtratron nmeans tor Sterife filtrating a $o1 ution
cont ai ni rGdrhecpot ypepticdes anshdorseachnf idigatidiomimansorefaactrcqrsl |y
connected control. neans for controlling the 5 sterile filtration by the
filtrati GRhEIh$!eTFOMREHHBalPo oI FFHPATEIORALE Yo CoPgeCMTEr-ei n t he
filtration nodul e conprises four filtration nmeans and four control neans,
wher eby al ways one filtration nmeans is 10 functionally connected wth a
contr®l mM@ansThe 2dysyeoateotdiegnsocemyi gureedof oclehesf FHiiat iwdvergndul e
accordi ng to ané ong of crl1 ai m;mlg.-izo,s cggprii Si Q:g %t I eas?L one. el e tritcal |y
power ed r@l@ay,CO BFIO nal?ef“%/ Scoﬁf)’r 25 ﬁ& an |npuntpul EEFRERAr i o FEpEE

term nal tfeafmicont MIr b reQeyt NG orpaitS ngandaals .| east one

el ectronmechani cal val ve, both functionally connected. 22. The control

means according to claim 21, conprising nore 20 than one electrically

povered nel ayy, SR Ongl | Y- COPIASI 09 gﬁgeohgaefoega&meutlot.%m lS-cand nore
than one output termnals for control by a conputing system and nore than
one &l ectuhenechart vatestainiesyl bothvé unet ivermal |yo cormect edEh25 d23.1ivEhe

cont rol ns._accordi ng to clai 21{,. r 2? wherein the control neans
Cor | e85 GUPHI s BRI IOG YRRy d L Hediahy TRRRRys one rel 2y | <
functionally connected with one val ve.
14. The system according to any one of c¢laims 10-13, wherein
the electromechanical valve 1is controlled by the electrically

15 powered relay.

15. The system according to any one of claims 10-14, wherein

the electromechanical valve ig a gelenoid valve.

20 16. The system according to any one of claims 6-15, wherein

the filtration means is a filter cup.

17. The system according to any one of c¢laims 6-16, wherein

filtration compriges four filtration and four control means.
25

18. A filtration module configured for the automated

chromatography system according to any one of claims 6-17,

comprising at least one filtration means for sterile

filtrating a solution containing a polypeptide and a control
30 means for controlling the sterile filtration by the at least

onie filtration means.
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19. The filtration module cof claim 18, comprising more than
one filtration means for sterile filtrating a solution
containing the polypeptide, and for each filtration means a
functionally connected control means for controlling the

sterile filtration by the filtration means.

20, The filtration module of claim 18 or 19, wherein the
filtration module comprises four filtration means and four
control means, whereby always one filtration means 1is

functionally connected with a control means.

21. A control means configured for the filtration module
according to any one of claims 18-20, comprising at least one
electrically powered relay, optionally comprising an input
terminal and output terminal for control by a computing
means, and at least one electromechanical wvalve, both

functionally connected.

22. The control means according to claim 21, compriging more
than one electrically powered relay, opticnally comprising
more than one input terminals and more than one output
terminals for control by a computing system, and more than

one electromechanical valves, both functiocnally connected.

23. The control means according to claims 21 or 22, wherein
the control means comprises four relays and four wvalves,
whereby always one relay is functionally connected with one

valve.
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