5 Met hod and system for pol ypeptide purification Field of the

i nvention 10 The present invention relates to a, nethod and autonated
system for the purification of polypeptides. In particular, the present
invention relates to a Fast Protein Liquid Chromatography (FPLC) based
met hod and respective automated system useful for the purification of

pol ypeptides from 15 conpl ex m xtures. Background of the invention 20Fast
Protein Liquid Chromatography (FPLC) is a formof |iquid chromatography
that is widely used, both in academ a and industry, to separate and/or
purify large quantities of various bionol ecul es such as proteins and DNA
fromconplex mxtures. In FPLC a m xture contai ni ng sol ubl e conponents, 25
i ncl udi ng the bionolecule of interest, is separated by Passing through a
stationary phase with the aid of a liquid flow and the single conponents of
the m xture are separated thereby. Depending on the elution method used,
the conponents contained in the mxture mgrate with different 30
velocities through the stationary phase or are retained by the specific
ligand G nteraction with the stationary phase thereby being separated from
each other. Due jfuids o5kl & deTianposydmangie: doyel oped aut omat i ng
FPLC. Aut omat ed LC based systens are inter alia manufactured by GE
Heal t hcare, Chalfont St. Gles, United Kingdom and marketed under the
AKTAmM br an  DRITE, houal..siggpl i fying the purification of bionolecules,
purificatigﬁ uyuﬁ%a %d” onf%ﬂgg set up to run on the current FPLC based
systens where the produced fl owthrough or eluate containing the

bi oacl f"&l‘” @hgf ﬂr@%gﬁv?StinQ'@Ht?gnC(%Iellgﬁiggd 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
svstem useful for the purification of polypeptides from

15 complex mixtures.

Background cof the invention

20 Fast Protein Liquid Chromatography (FPLC) is a form of
ligquid chromstography that is widely used, both in academia
and industry, to separate and/or purify large guantities of
varicus biomolecules such as proteins and DNA from complex
mixtureg. In FPLC a mixture containing soluble components,

25 incliuding the biomolecule of interest, is sepavrated 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

30 velocities through the stationary phase or are retained by
the specific ligand interaction with the stationary phase

thereby being separated from each other.



10 within a short tine once it has left the system Were the produced
flowthrough or eluate is not collected pronptly, and thus, allowed to be
exposed for a |onger period, the risk of spoilage increases. Once there is
spoilage in the flowthrough or eluate the contained bionoleoule is of no
use and 15 has to be disposed or alternatively extensively decontamn nated
which is time-consum ng and costly. Thus, spoilage of the flowthrough or
el uate has to be avoi ded. Avoiding spoilage of the flowthrough or eluate
currently requires the attendance of operating personal at the tine 20
where the flowthrough or eluate | eaves the system which increases, in
parti cul arbyeortd org raimpilagdeytdes shetarouwsreoticaddrPsdnabtam@tiRéurs for

no increasg.,in pr YR Y peAS @ consequence.. d he runnispng.of purLfication
cycles is Eg"?elfdn'suc'h att %ihe Ftplﬁﬁe ere the fToFQ/th h?oughlor eeI ua.tel | eaves

the 25 systmmicatbsedi bhi FEt Healddgleae  weibkiLAgnhodits ofilefe dfercati ng
personal , {ﬁﬂ%&&ﬁ,naégragﬂggégéi&ﬁéeéfﬁaéiﬁﬁhﬂﬂ,éwgké!ﬁameunber of purification
e tun. rie

cycles to escription of the invention It is therefore an
obj ect %of the present invention to provide neans to overcone certain

di sadvant ages, Of-,t hegur [ &nt, FPLQ based. syshens, | Bepaptbguldfndd, is an
object to pro&?ﬁg a%ﬁgggéﬁﬂgﬁg g§%¥eﬁ§%&%l1 inpr%ved flexibiliﬁy'gnd/or
producti vipyrificatiggceydissg cep theéypbesesit Umventbanont Ag OBjEEEE i s

sol ved by bj ther of .th 1l L wi jten t uake A Fast
Protein Li%ﬁ%éﬁg%%%gn%§%%$§%ﬁ%g%FPLe% %gégé %2:%%%# Fgfgﬁ%?i€§ﬁﬁbla

pol ypept i decwwripriingi ritha hbipodlemilyy ofepsterest @gn apsl yrabtedtisqui d
solution coMalfing.ihe ReYPBRALLIG. ! 8a8 ¢hEpNBLOOLAPhLE. RANS: GOl ai ni ng
a. stationary phase; ) separating the pol ypeptide from ot her
mol ecul es morkaieded low-theotdigudd sdhats ohs bpopassiagcisR Prgwidysol ution
through the stafi.onady,phase gL LRS, S aRt Q08 BRMNLC period, the risk
cf spoilage increases. Once there is spoilage in the flow-
through or eluate the contained biomolecule is of no use and
15 has to be disposed or alternatively extensively
decontaminacted which is time-consuming and costly. Thus,

spoilage of the flow-through or eluate has to be avoided.

2]

Avoiding spoilage of the flow-through or eluate currently
requires the attendance of operating personal at the time
20 whera the flow-through or eluate leaves the system, which
increases, in particular for long-running cycles the amount
of additional man hours for no increase in productivity. As a
consequence, 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 personal, which in turn restricte the timing and

the number of purification cycleg to be run.



20 neans' O0O)recovering the pol ypeptide fromthe chromatographic neans in a
flowthrough or an eluate; and d)sterilizing the flowthrough or eluate
contai ning the recovered pol ypeptide by filtration. 25 2. The net hod
according to item 1, wherein in step b) the polypeptide interacts with and
I's retained by the stationary phase; and in step c) the polypeptide is
recovered by elution. 30 3. The nethod according to item- or 2, wherein in
step d) the filtration is vacuumfiltration.

Brief degcription of the invention

Tt is therefore an object of the present invention to provide

means to overcome certain disadvantages of the current FPLC

9]

based systems. In particular, it is an object to provide a
method and system with  improved  flexibility  and/oxr

productcivity,

According to the pregent invention, this object i1g soived by

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

1. A Fast Protein Ligquid Chromatography (FPLC) based method
for purifying a polypeptide comprising the following steps:

a) applying a liguid  solution  containing the

15 polvpeptide to a chromatographic means containing a
stationary phase;

) separating the polypeptide from other molecules
contained in the liguid solution by passing the Iliguid
solution through the stationary phase of the chromatographic

20 MEeans ;

G) recovering the polypeptide from the chromatographic
means in a f£low-through or an eluate; and

da) 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 stationary
phase; and in step c¢) the polypeptide 1s recovered by
elution,

30

Lo

The method according to item I or 2, wherein in step d)

th

1]

filtration is wvacuum filtration.

(V5]



4. The met hod according any one of itens 1 to 3, wherein one or nore of the
steps a) to d) are automatically controlled. 5 5. The nethod according to
any one of itens 1 to 4, wherein the stationary phase is a biopol yner,

i norgani ¢ polyner or synthetic polymer, each of which may optionally have
functional groups coupled thereto, or is a nenbrane or nonolith. 10 6. An
automated Fast Protein Liquid Chromatography (FPLC) system configured for
purifying a pol ypeptide according to the nmethod of any one of items 1 to 5,
conprising i) a chromatography nodule; and ii) a filtration nodul e arranged
15 after the chromat ography nodule. 7. The system according _to item 6,
wherein tHe fi FRRafebd O%Dﬁ%ﬁ%?@ﬁﬂﬁp@@§e§“§tOﬁe&§ﬁm6né 59 trat¥iGFeARans for
sterile fiddd ati-ngmard | QW t RREUGH L= an) el Yat a3 coRkal NERgode 201y

pol ypepti de recovered fromthe chronatography nodul e, and a control means
for controf9itEgitRe-sterile filtration by the at least one filtration
nmeans. 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
f1 owt By outyth ofR&nmefhprt &cCORtArMi 1Ry A He Op8I YpePtade 1 EBober@®™rdm t he

chr omat ographystmdWr8rvaRda£or seagh Hilhbi ghd N MEaAEA  ypahienabhy
connected control neans for controlling the sterile filtration by the 30

filtrati oE¥Edssic polymer, each of hich may optionally have
functional groups coupled thereto, or is a wmembrane or
monolith.
10
6. An automated Fast Protein Liquid Chromatography (FPLC)

gsystem configured for purifying a polypeptide according to

th

0]

method of any one of idtems 1 to 5, comprising i) a
chromatography wedule; and i1i} & filtration module arranged

15 after the chromatography module.

7. The system according toe item 6, wherein the filtration
L

module comprises at least one filtration means for sterile

filtrating a flow-through or an eluate containing the

b
<

polypeptide recovered from the chromatography module, and =a
control means for controlling the sterile filtration by the

at least one filtration means.

8. The gystem according to item & or 7, wherein the
25 filtration module comprises mors than one filtration means
for sterile filtrating a flow-through or an eluate containing
the polypeptide recovered Irom the chromatography module, and
for each filtration means a functionally connected control
means for controlling the sterile filtyation by the

30 Filtration means.

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

-

filtration is driven by applyving a vacuum.

B



10. The system according to any one of itens 7-9, wherein the control neans
conprises at | east one electrically powered relay, optionally conprising an
input termnal and output 5 termnal for control by a conputing neans, and
at | east one el ectronechani cal valve, both functionally connected. 11.
The system according to any one of itenms 7-10, wherein each control neans
conprises an electrically powered relay 10 and an el ectronechani cal val ve,
both functionally connected. 12. The system according to any one of itens
7-11, wherein the control means conprises an input term nal and out put
termnal for control by a conputing nmeans. 15 13. The system according to
any one of itens 10-12 wherein the el ectronmechanical valve is used to

control t de iveg f c d fid ti.on RRARSin20 14.
0 he é em angﬁgfﬁfﬁg %%>g#§}£%1 her f1ddfzatian in

The syste accordi n one 13, wher ei n the
el ect r onectianiceal rual weariss ﬂomptl:seﬁ:d ed Byatheowt edeCtEAFR YL PRAWIEERr el ay.

15. The SySten]aCCQQgﬁgglg c%%ér%%%gﬁf +t§gﬁu&0-%4mlﬁgfr%h@ Zachbhe

el ect r onechafi cal °& val ve. . The system according to
any one of tédrein®16£25, coherdl ot ke qurﬂpturtatlﬁom%@%nsam% & fi9%%&r °88p. 17.

The systen1a%g%%%png éQPXEOOS Oéoﬂ{en§m§ 38.1 wWherghackibtration conprises
four filtratTon ntrol nmean -

11. The gystem according to any one of items 7-10, wherein
esch control means comprises an electrically powered relay

10 and an electromechanical valve, both functionally connected.

12. The system according to any one of items 7-11, wherein
the control means comprises an input terminal and output

terminal for control by a computing means.

13. The system according to any one of items 10-12, wherein

+he electromechanical wvalve is used to control the delivery

of supply of vacuum to the filtration means.

26 14. The system according to any one of items 10-13, wherein
the eslectromechanical valve is controlled by the electrically

powsred relay.

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

25 the slectromechanical valve ig a golenoid valve.

16. The system according to any one of items 6-1%, wherein

rhe filtration means is a filter cup.

30 17. The gystem according to any one of items £-16, wherein

filtration compriges four filtration and four control means.



18. Afiltration nodule configured for the automated chromat ography system
according to any one of itens 6-17, conprising at |east one filtration
nmeans for sterile filtrating a solution containing a pol ypeptide and a
control 5 neans for controlling the sterile filtration by the at |east one
filtration neans. 19. The filtration nodule of item 18, conprising nore
than one filtration neans for sterile filtrating a solution 10 contai ni ng
t he pol ypeptide, and for eaCh filtration neans a functionally connected
control neans for controlling the sterile filtration by the filtration
means. 20. The filtration nodule of item 18 or 19, wherein the 15

filtrati omhoddl e FEoRPHIEs FIAFIE | CPAELBI $hanand Fourd EoHEFBE means,
wher eby al 'W@r)b%ta@ﬂ imxr@%émn NBaNS-disgf %@Ctér?a&ké/ genneched cukth a
control neans. rol means conflgur for the filtration nodule 20
accordi ng TWP&ﬁWBﬁe BF i temEt 1600, KdirprfiPhg BEteastcronestérdderical Iy

power ed ref@y:,m@@hbomaé&w@wrcb%agn% I epriAal ,and QuiRubat erm nal
for control by diﬁeans nd at | east one el ectronmechani cal val ve,

a conput i
bot h f nctTHHE I5PrcbAREEed g She ?H%ﬁ%kﬁnﬁ%ﬂtrﬁééﬁ% B cHridtg €a5Ft em 21,

conpri Si Ngedrse 1khap: eheehectrically powered relay, optionally conprising
nore than one input termnals and nore than one output termnals for

control by a conputing system and nore than 30 one el ectronmechani ca
val ves, botd fuonet konatdos somneetedor wWhereby, akbuays: HNR RlraY thin
functlonally caonnected with one val ve.
orle filtration means for sterile filtrating a solution
10 containing the polypeptide, and for each filtration wmeans a
functionally connected control means for controlling the

sterile filtration by the filtration means.

20. The filtration wmodule of item 18 or 19, wherein the
15 filtration module comprises four £iltration means and four
control wmeans, whereby always one filtration weans is

functionally connected with a control means.

lh

21. A control 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 eleciromechanical wvalve, beth

functionally connected.

3
(51

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

30 ong electromechanical valves, both functionally connected.

23. The controcl means according to items 21 or 22, wherein

the control means comprises Ifour relays and four valves,

[



Directly sterilizing the flowthrough or elnate once it has 5 left the
chromat ogr aphi ¢ neans such as a purification columm allows it and the

bi onol ecul e contained therein to be securely stored over a |onger period
wi thout the risk of spoilage(i.e. using in-line sterile filtration carried
out directly after chromatography). In this manner, the 10 application is
preferably directed to a device which conprises one chromat ography nodul e
and subsequently a nunber of parallel filtration neans (i.e. "nore than
1"). The advantage of such a devise is that the eluate fornmed after passing
t.he chromat ography nmodule will run through a nunber 15 of parall el
filtrationwieeahs whivehs abhowselay fid thumcsianabth eERcEFSy ol bieet t he
liquid in.@.qkyen time (conpared to devices where one chromat ography neans
is connected t0 only one filtration neans). Due to the so obtained nuch
qui cker filtration the risk of spoilage of the proteins to be 20 purified

s areatly,sedyged, Thus, . Lhe Bresanl, prLood, and syskemsaklows bLasreased
flexibility inmtimng the runni ng of the cycfes. Both el apsed tinme and nman
hours can hettr educedrbyeabd:oping naats epddd 325 oRFAL§REE XS IS her eby

i ncreasi ng e product]yity of .the system .Noreover, «Usiag, Vaclume
filtration®toes n&g a%(%rttee gy%ﬁ%§1 ynanfps_as|m0uld addi ng an inline
filter driwemdsiypressede.ovEli sa alboger apgaseer vi Frdtighpit #heF e °fhe system

pressure Iimf, s an issae, Eﬁi.ﬂngeé&rirﬂté 0p; pf rAthendrawirags outFigure 1
is a schen®{t ﬁ?ésentatlongo a control nmeans of 5 the present invention
conpri si ngdbrnetelvectaiteal | yelpowerredrERv k el ajrandtéfe FaSrsst enci™d val ve.
10 application 1is prefevably directed to a device which
comprises one chromatography module and gubsequently a
number of parallel filtration means (i.e. "wore 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 parallel filtration means which allows to filtrate a much
greater volume of the liquid in a given time (compared to
devices where one chromatography means ig connected to only
one filtration means). Due to the so obtained much gquicker
filtration the xisk of spoilage of the proteins to be

20 purified is greatly reduced.

Thus, the present method and system allows increased
flexibility in timing the running of the cycles. Both elapsead
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 drxiven by
pressure. This allows a faster throughput where the gystem
pressure limit 1s an issue.

30



Figure 2 is a schematic presentation of another control neans of the

present invention conprising an array of four 10 electrically powered BUT,
relay and four gas sol enoid valves. Definitions

15Unl essspeci fi edot herw seherein,theterns "poiypeptide" and "protein" refer
to conmpounds formed fromat |east two am no acids. The "pol vpeotide" or
"protein” may have catalytic or binding activity. The "pol vpeptide" or
"protein" may he, for instance, hut not Iimted to, an enzyne 20 or

anti body such as a domain or single donmain anti body. For the purpose of the
present invention, both terns may be used interchangeable. Unlessecified

ot herwi se herein, the term"am no acid" 25 enconpasses any organi ¢c conpound

conprisin rat I%asgri) & &M, Bo. QL oln And at | east one acidic group. The
am no aci —= | east one primary | east one
carboxylic acid group. The refers to residues contained in |arger
mol ecul es Fsiug%n:easl pie§t§ dsec%e?‘n%gigr 8&8%&%&‘:%'1@@@"&9 A&l \ed neans of

5 the present invention comprising one electrically powered EUL

relay and one gas solenoid valve.
Figure 2 is a schematic presentation of another control msans

of the present invention comprising an array of four

10 electrically powered BEUL relay and four gas solencid valvesg.

Definlitions

15 Unless specified otherwise herein, the terms

“pelypeptide” and “protein” refer to compounds formed from at

3 3 PRPPFIR L A < L Ay
least two amino acids. The “polypeptide” or “protein” may

nave catalytic or binding activity. The © or
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“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 “aminoe acid”

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

be a naturally occurring compound or be of synthetic oxigin.
preferably, the amine acid contains at iegst one primary
amino group and/or at least one carboxylic acid group. The

20 term “amine acid” also refers to residues contained in largexr
molecules such as peptides and proteins, which are derived

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

<«



adj acent residues by neans of peptide bonds or peptidom netic bonds.

Unl ess specified otherw se,"stationary phase” 5 refers to a solid nmateri al
which interacts with substances in a |iquid solution, Unl ess
specified otherwise herein, the term"eluate"” refers to a |iquid which

| eaves a chromat ographi ¢ neans and 10 has renoved or dissolved away

subst ances retained by a stationary phase fromthe stationary phase.

Unl ess specified otherwi se herein, the term"flowthrough” refers to a

l'i quid which passes through and | eaves a 15 chronatographi ¢ means w t hout
removi ng or dissol ving away substances retai ned by a stationary phase from
the stati oﬁ%ﬁ/c%s‘éeqﬁﬂe@ssb%pé‘@ﬁflﬁe&*ot REr S %@P‘éﬁ n.°%t heew "to
sterile 20minddircatengand 'sterile filtration" refer to the elimnation of
contam nants such as m croorganisns (e.g., bacteria, fungi etc.) fromthe
flowthrough or eluate. In the filtration process, the contam nants are

retained by thesfielkkekpet Nel@bycsepatad] nehd he. contam-nant s, fromthe ot her
conponent s% 25 contained, in the flowthrough or eluate, Detalled

descri pti ohb¥ % K& Pniehtd GIREEBHIAT oHel A EERT2ERS Pitds SHPSERRERH iion

provi des azFPl&ikmsedupeshod for purifying a pol ypeptide. The net hod
conprises the follow ng steps:

Unless specified otherwise heresin, the 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 liquid which passes through and leaves a
15 chromatographic meang without removing or dissolving away

substances retained by a stationary phase from the staticnary

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 degoription of the invention
30 In one aspect, the present invention provides a FPRLC

based method for purifying a polypeptide. The method

comprises the following steps:



a) applying a liquid solution containing the pol ypeptide to a
chromat ogr aphi ¢ nmeans containing a stationary phase; b) separating
t he pol ypeptide fromother nolecules 5 contained in the liauid solution by
passing the liquid solution through the stationary phase of the
chr omat ogr aphi ¢ neans; c) recovering the pol ypeptide fromthe
chromat ographic neans in a flowthrough or an eluate; and 10d)sterili zing
the fl owthrough or eluate containing the recovered pol ypeptide by
filtration. The chromat ographi ¢ neans, as used in the present
invention,is a means usual ly enployed in colunn 15 chromat ogr aphy, mnenbrane
chr omat ography 20r RPNy chronmat bgriabhy spbwt pert i f yom§apeivpeptiiges and
proteins. SELJRARS ane vell KAoURidlbBR18" t mdBsS O RARAGRFENLS, Lhe
chromat ographi'c ‘neans is a

stationary phase;

o) separating the polypeptide from other melecules

contained in the liguid solution by passing the liquid

(o2)

solution through the stationary phase of the chromatographic
means;
) recovering the polypeptide from the chromatographic
meansg in & flow-through or an eluate; and
190 d; sterilizing the flow-through or eluate containing

the recovered polypeptide by filtraticn.

The chromatographic means, as used in the presgent
invention, is a  meansg usually asmployed in column

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

means are well known in the art.

In some enbodiments, the chromatographic means is &

20 purlification column. The purification column, as used in
thess embodiments, 3is a tube of wvariable gize and inner
diameter containing a stationary phase. Generally, the size

and inner diameter of the tube ranges from 1 cm to 30 ocm and

0.1 to 5 com, respectively. However, the size of the tube wmay

Z5 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, Tricornm™ columns, MiniBeads™ colwmns,
RESOURCE™ columns, HiTrap™ coclumns, HiLoad™ columns, HiPrep™

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

into an empty column body. Examples of commercially available

10



20 Purification colum. The purification colum, as used in these

enbodi nents, is a tube of variable size and inner dianeter containing a
stationary phase. Generally, the size and inner dianeter of the tube ranges
froml cmto 30 cmand 0.1 to 5 cm respectively. However, the size of the
tube may go up to 2 it, The tube may be nmade out of glass or netal such as
stain-less steel. The purification colum may be selected fromcomercially
avail abl e purification colums such as, but not limted to, Tricorn

col ums, M ni Beads" col ums, RESOURCE' m col ums, Hi Trao" columms, Ar oad"
colums, M Prepm 30 _col uims, Superdex' colums and Superose col ums.

Al t er nat i VEITY™ hBOBARS f PESL | O cEGFEUNFEECBESpr Bparddieh #1%hbbPat ory
setting bywipacki-pg @.:$lald @Bakysphase of choice into an enpty col um body.
Exanpl es of comercially avail able colum bodies are the CE Heal thcare XK
series and the MIIlipore Vantage series. The stationary phase is a solid
filling materi @bea@&ﬂﬁ%a@behﬁs@i&p%l ¥EBLG & S)inhebker POl WIRI n@f an

i norgani ¢ pol yner. The biopol ynmer may be selected from cel lul ose, dextrane
or agarose’® ThEISPALHMY ¢ 3pSFPREFC Ha P pEmes| @618 L PEERT-boIBPAcEYEani de,

net hacryl afiee ofi PRIYMERY BONZENQL1BoLYSt YESnecdNBiNAganisRahy MBE may be
silica, 10 hydroxyapatite or porous gl ass beads. Were appropriate, the

filling meETHCER may Rfur CHEERREYVE CRUITET t W@Yet ¥ urkdissHar gf8aPs whi ch
al | ow t he spegichi CahiMLr act i QaeMbd:Rthe pol ypepti deqciFuch, fumetianal groups
may be, but are not limted to, cataternary hydroxypropyl diethyl

am noet hy PP GREY Tetiat erigry EPPFRAMA  aRPHGRRhy| 6%), 8F et FAL3&/ noet hyl
(DEAER 0 catjexygebivicd @) ,potdhEOBRLBY | ndas. SHhapLepYdpdiSRk . ckhe

functi onaIF_%réqup mag al so be a group specific or nonospecific |ligand such
as a specific BEnBRhYE 1o tHFer O ERAE PoTS psptiide SherpterBytctiongl an
antigen i ng2fipgas@n@énanaantd bods QipadigacVehsferaction | Hi@hhekne

enbodi ments, the chromat ographi ¢ means casing or columm containing a
menbr ane FWREPELS oﬁ&Fg pﬁ%&cé.m:i’ﬁ% GBPHRA ey bBea thibe &S d@@gri bed

above. 25 1imitedMeabl an@sadOinige hpachiQmiRAr aphXcaie Wahinddioyn in the
art, The nmembrane may be conposed of one or nore |ayers, for_ instance, but
not | it e®Fd,; t wBIARHTEEYor FoHtReIer saniRReHELY | x (Rat er iHIStEY 1t he
nmenbrane nayvobernput Netad)i M t@evoxymethyl (CM), sulfomethyl (8,
sulfopropyl (8P). 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 wmeans ig a
casing or column containlng a membrane as the gtationary

phase. The column wmay ke a tube as described above.

N
4]

Mambranes for use in chromatography are well known in
the art. The membrane may be composed of one oY 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, celliulose, modified cellulose, cross linked cellulose,
nitrocellulose, polyamide such as Nylon, polyvinyl chloride

(PVC) or pelyvinylidene fluoride (PVDE) .

| -
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30 to, cellulose, nodified cellulose, cross |inked cellul ose,
nitrocel |l ul ose, polyam de such as Nyl on, polyvinyl chloride (PVC) or

pol yvi nyl i dene fl uoride (PVDF). I n ot her enbodi nents, the

chromat ographi ¢ neans is a casing or colum containing a nonolith as the
stationary phase. The colum may be a tube as descri bed above. SMonoliths
for USE in chromat ography are well known in the art. In certain

enbodi ments, the filtration in step d) vacuumfiltration. 10 In

anot her aspect, the present invention provides an autoMated system for FPLC
based nethods. In particular, the invention provides an automated FPLC
system confi gurrad dtok-puhikoyingnias pokype phi-dea aoooruiing temrishel sreéhod

detailed 15 above. The system of. the invention conprises a. chr ogr aphy
nodul e and*®f19 tFat FB%H\%‘/ﬂ)dU?lé‘,’a’ﬂf@gfiTtrt‘“g?? h- o dil et%les %Ta?%r?%gggafter t he

chr omat ogrgipdie .mModel €o1dkie nahr baed agiaphy dedut el abheei nventive system 20
conpri ses a chromat ographi c neans, a punp, a detection systemand a control
unit. In addition, the chronmatography nodul e of the invention nay conprise
an aut geanpl er vaRdl otha feactsonicobhectoragragha ehronefldgikaphy rodul e an
AK=F25132 devi ce manufactured and provi ded by GE Heal thcare, Chalfont St.

G les, United¥ingdom nmay be used in the present invention. The

chromat ographi ¢ neans is as descri bed above.

In certain embodiments, the filtration in step d) 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 configured 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 is

arranged after the chromatcgraphy module.

The chromatography module of the inventive systenm

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™rpuc device
manufactured and provided by GE Healthcare, Chalfont 5t

25  Gileg, United Xingdom, may be used in the present invention.
The chromatographic means is as described above.

The pump allows for a constant f£low of liguid through
30 the svstem., The column chromatography module may comprise
more than one pump, for instance, but not limited to, tTwo,

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



The punp allows for a constant flow of |iquid through 30 the system The
col um chr omat ogr aphy nodul e may conpri se nore than one punp, for instance,
but not limted to, two, three or four punps. The punp nmay be a peristaltic
punp. The punp may al so be a di aphragm checked piston or | obe punp. The
flowrate of the punp may range fromO0,001 to 100 ml/ mn. The
detection systemallows for the detection of the nolecul e{s) |eaving the
chromat ographi ¢ neans. The detection system may be a UV spectrophotoneter.
Al ternatively, the detection systemmay al so be a conductivity flow cell or
a pH el ectrode. 10The control unit allows for an utomat d.control of each
syst em corpBReMaY PHEC St PolIGRITERRY D™ d- okt Oh‘g Oﬁegﬁg “ek&Ctting a
conout er pregrramWihed orheopsmeacty systentsanmonent o Thes eanpuhi ng means
may be a personal conputer having | oaded thereon the conputer program which
is executed 15 by the processor of the conputer. The conputing neans nmay

al so be a netwomnrk Td*éit@\,@isz@nbysﬂ_é'he SOTEH efoapregéameﬁaytb@uhe #hecoRNmM
cont rol softvvar able from Heal t hcare, Chalfo Gles, United
K nodorh  THESONLEARN T EGH: 1OF SOFPUGF e P e FaRPBY T I S5 egint

i nvention.system ﬁl’ige bel ta atryonspredubehefortdr@x. nvze1rtte1 «n@t&yslﬁm caapri ses at
| east one filtration neans for_sterile f||tratlﬁ% through O an

el uate rec%‘?/eeﬁédgflrﬁfﬁtteiﬁ“e"‘@?{rﬁﬁﬁ?oﬁeripﬁﬁjﬁﬁaﬁjr” andog Cé% F *nBins for
control li nguddrecgteril e

10 The control unit allows for an automated control of each
gystem component. The control unit may be a computing means
executing & computer program which contrels each system
component. The computing means may be a personal computer
having loaded thereon the cowputer program which is executed

15 by the processor of the computer. The computing means may
alsc be a network thin c¢lient. The computer program may be
the UNICORN™ contrcl softwsre available from GE Healthcare,
Chalfont St. Gileg, United Kingdom. The UNICORN™ control

software is preferred by the present invention.

A8
]

The filtration module of the inventive system comprises
ar least one filtration meansg for sterile filtrating a flow-
through or an eluate recovered £rom the chromatography
module, and & control means Loy controlling the sterile

25 filtration by the at least one £iltration weans. The
filtration module may comprige more than one filtration wmeans
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 contrel msans.

30

The Zfiltration wmeans allows the flow-through or eluate
to be sterile filtrated, i.e. contaminants such as

microorganisms are eliminated from the flow-through or

[me)
[



25 filtration by the at |least one filtration nmeans. The filtration nodul e
may conprise nore than one filtration nmeans and/or nore than one control
means, for instance, but not limted to, two, three or four filtration
means and/or two, three or four control neans. 30 The filtration
means allov..s the flowthrough or eluate to be sterile filtrated, i.e.
contam nants such as mcroorganisns are elimnated fromthe flowthrough.
or eluate. The filtration neans is a device containing a filter. In one
enbodi nent of the invention, the filtration nmeans is a filter cup, also
referred to as vacuumdriven bottle top filter. Filter cups are well known
in the artelilsieng taef fileratioaupeahd ows at Heviteowdiedughgor Hlidare to be
directly collected and subsequently sterile filtr diwith e need of
transfer. TheFard® QFZIEQ%I’ gg %{V?ntmn’bth? ! %é‘%r é\édae %PASO l%S to 0.1
um for insianee, chpt abdsol retéecked OtoOaéSvpma.x@ zn_gm“ormo@t legmoplt is

general |y expected that a or e SIZ Q in the, of. t Qel um
?e el ﬂg 9: L@ jat £ 14

retains m ttoorgani-shE® sUSH 48°bY W ﬁnatpar i Cul'af enbodi ment, the

pore size efipt helfdust eches 0122 wmouds det aid¢kehtabove, bhe @ilea'qtllef
filtration be driven 15 by vacuum_ln thi u pplied
to the fi I‘fgﬁ?%ﬁ‘?%ﬁﬁss‘f‘ﬁe@‘%g\ét‘ﬁes?er*ull“dtfangr%?%&t lrt"g\é% P e |I%'ltjer

t he appli caflofaﬁ*d&eg&hevpozp@e@saeref ’p‘hesf:ﬂstachncefv@d by Slamplr%%g vacuum
through a vacuu t_on ﬂfl|tl’atIOI’l a t he of the
filter oppﬁg1 YTet20 § %h‘émm & REratiy” t hg%l ?‘%ﬁi le}to %ec& i I?r%t d.” The
vacuum i s generad eﬁ: loy laumacntmi$03mreeamm'cmmdﬁe talatoﬁ bermrriagacuum

punp or ed vacuum puup, 0§1e fi Itratl o] %n§1 and the .yacuum;squ ce are

connecjt%d a-ad 96i Ry and/ 6F Si i €bdre Tabor at or y ing. The control
means of th&cta’lﬂf/ﬁl‘ltl]}ﬂ al pows. coaatr @knbpdgmvtztta stkalw@ﬁlwa%tmonfby t he
filtration Lpans.. s gontrol

[ _x_

As detailed above, the sterile filtration may be driven

15 by wvacuum. In this case, a vacuum is supplied to the
filtration means forcing the liguid and air through the
filter by the application of negative pressure. This is
achieved by supplying vacuum through a vacuum inlet on the
filtration means located on the side of the filter opposite

20 to the side hoiding the liquid to be filtrated. The vacuum 1is
generated by a vacuum scurce which wmay be an on demand vacuum
pump or piped vacuum pump. The Ziltration means and the
vacuum source are connectad via gas tubing and/cr silicone

laboratory tubing.

25
The control means of the invention allows controlling
the sterile filtration by the filtration means. The control
mezns comprises at least one electrically powered relay or
solid state equivalent, and at least one electromechanical
30 ralve, both functionally connected. The electrically powered

relay and the electromechanical wvalve are functionally

connected via an electric circuit. The electric circuit may

*—J
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means conprises at |east one electrically powered relay or solid state
eaui val ent, and at | east one el ectronmechanical 30 valve, both functionally
connected. The electrically powered relay and the el ectromechani cal val ve
are functionally connected via an electric circuit. The electric circuit
may be conposed of high input inpedance voltage sensing relay, with
hysteresis settings. The control neans nay conprise nore than one 5

el ectrically powered relay and/or nore than one el ectronmechani cal val ve,
for instance, but not limted to, two, three or four electrically powered
relays and/or two, three or four electronechanical valves, In certain
embodi ment 8% FABPCH rof ReSihsiBTUt HeqespenRe| onlEanpr Feesiag 10 aarray of

four relaygich hstEQgsggeg5$4Q%gLy powered relay. It nay be powered by a
unit, which may be install 15 relay. In certain enbodinents, DC power

supply.

The control mwmeans wmay comprise more than one

5§ electrically powered relay and/or nore than one
electromechanical valve, for instance, but not limited <o,
two, three or four electrically powered relays and/or two,
three or four electromechanical valves, In certain
embodiments, the control means of the invention comprises an

10  array of four relays.

The electrically powered relay wmay be a low powered
relay. It may be powered by a dedicated 24V DC power supply

unit, which may be installed in the same enclogure as the

}..J
v

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

DC power supply.

The electrically powered relay is controlled by a

control unit. The control unit may ke a computing means

20  executing a computer program which controls the switching of
the relay. For control by a computing means, the electrically
powered vrelay comprises an input terminal and an output

terminal allowing the connection of the relay to the

~

computing means. In certain embodiments, the electrically

o

powered relay is controlled by the control unit of the

i
un

chromatography module describe above.

In cartain erbodiments, the one or more

electromechanical valves are solenoid valves. Solencid valves

{3
a2

are electromechanical wvalves £or wuse with Iiguid or gas
driven by running or stopping an slectrical current through a

solenoid, thereby opening or clesing the valve. The solenocid

-
n



relay may be a | ow powered dedi cated 24V DC power supply in the sanme
enclosure as the the relay is powered by a 24V The electrically
powered relay is controlled by a control unit. The control unit may be a
conmputi ng neans 20 executing a computer program which controls the
switching of the relay. For control by a conputing nmeans, the electrically
powered relay conprises an input termnal and an output term nal allow ng
the connection of the relay to the conputing neans. In certain enbodi nents,
the electrically 25 powered relay is controlled by the control unit of the
chr omat ogr aphy nodul e descri be above. I|ncertai nenbodi nents, t heoneornore

el ectromechani ¢al wmalaes ape solxnoi Unvalaréscubet erroiaiakyes, 3Ghar e

el ectronechani cal. val ves. for use_w lJquid or gas driven by running or
st oppi ng aﬁog$%%¥%fg f“ch%f%ﬁ?stﬁ$%%g:M%qgégéhoid, t her eby opening or
closing the valve. The solenoid nmay be a coil or wire. In particular

enbodi ment s, t hten Sgaltxetrk%iu a\ll'alevn?bc;dslmgmggs wﬁngana%u\égil V& iltration is
5 performed, a gas solencid valve is used to control the
delivery of a supply of vacuum to a filtration means. In

these embodiments, the gas solencid is arranged between the

filtration means and the vacuum source.

10 Examples
One example for the configuration of the control means

is 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 is connected to PIN 6 and PINI 5 of an AKTA™purifier
device, respectively. The gas solencid wvalve 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 ghown in Figure
2 is constituted of a 24V DC power supply, four EUL relays
and four gas solenoild wvalves within a single enclosure. The

components are connectad by electrical wiring. Each of the

|38
wn

relays is connected via their terminal E2 to either PIN 6,
PIN 7, PIN 8 or PIN 9 of an ARTA™purifier device, while being
connected to PIN 5 of the AKTA™purifier device via terminal
M. Each of the gas solenoid valves is connected to terminals
11 and 12 of one of the EUL relays and 1is therefore

30  independently controlled by the AKTA™purifier device.

16



In particular enbodi nents where vacuumfiltration is 5 perfornmed, a gas

sol enoid valve is used to control the delivery of a supply of vacuumto a
filtration nmeans. In these enbodi nents, the gas solenoid is arranged
between the filtration neans and the vacuum source. 10 Exanpl es One
exanple for the configuration of the control neans is given in Figure 1.
The control nmeans shown in Figure 1 is constituted of a 2411 DC power
supply, a EUL relay and a gas sol enoid valve within a single enclosure. The
conponents are 15 connected by electrical wiring. Via termnals E2 and M
the relay is cqpnected to PIN 6 and PI N of an AKTATNpurifier device,
respectively. %ﬁ‘@ gaé?"?olté%%\g@‘kfé‘lt\ﬁn?s aclgﬁﬁec’l%é% tUE)‘If*SB‘l#h{ nai &t fand 12 of
the EUL retastwa2@A far thatrexamilee Eoreddiel coalirgur atanan ofiud he thentrol
means is given in F'ﬁgure 2. The control neans shown in Figure 2 is

constitut ed of" “aY2411% BCEFPover* stipptV- four EUL rel ays and four gas
sol enoid valves within a single enclosure. The conponents are connected by

electrical wirin Each of the 25 relays.is cannected via theit termnal E2
to either PIN @OQE’I N%?? ‘"F;P?\Y%"ct'):ﬁcﬁﬁﬂeg %fi%ﬁ?tﬂl@ﬁAﬁﬂﬂiuflleerané’\?i*ée?SMi | e

bei ng connegd edch@rdl Noagk t bacAIAHadr | there devie@resant erfumakrM  Each
of the gas_sol enoid valves is _connected to term nals lé and 12 of one of
Uhe EUL rFay Snd" | 5% REPEFBF o TRULPERdeRTTy: Lot 1161 FEAC By> s o=

AKTATt uri fa efidentden module aihte abouerecanheghsabionsratddans tdye thbll COR1Tm
control software to control the solenoid_val V%f’ ~and Ehuﬁh‘ thg delivery of
a supply of*HEhUM™YEBOLAY FRECRbAVE- GRECTIHEE £ 191 r &Ff o HBdiPe8s wel | as
t he camntr ohsereans agnemnpassed bhetain represent further aspects of the
present invention. According to these aspects, a filtration nodule and a
control neans are provided by the present invention which are configured

for and thusr! QaB8un control gadget

The purpose of the AKTA vacuum contrecl gadget is to

[
w

provide a wmethod whereby the column eluate from an AKTA
gystem can be gterilised without affecting system £flow
characteristice in a way that maintains product gquality and
integrity. This allows the AKTA system to be utilised for a
greater proportion of the day as manuwal intervention
20 reguirements are reduced. To demonstrate the eifect, a
comparison o¢f running with and without the gadget isg

provided.

running without the gadget

The system ig set up at the beginning of the working day

by the gcientist. In this case a cycle 1is approximately 8
hours. After approximately 7 hours the scientist removes the
eluate sample for analysis or further processing, and the

30 system 1s allowsd to complete its cycle., From this point
onwards until the following morning the AKTA system sits

idle.



10 used in an FPLC based system AKTA Vacuum control gadget The purpose of
the A= vacuum control gadget is to | c provide a nethod whereby the colum
eluate froman AKTA system can be sterilised without affecting systemfl ow
characteristics in a way that maintains product quality and integrity. This
allows the AKTA systemto be utilised for a. greater proportion of the day
as manual intervention 20 requirenents are reduced. To denonstrate the
effect, a conparison of running with and wi thout the gadget is provided.
Runni ng wi t hout the gadget 95 The systemis set up at the beginning
of the working day by the scientist. In this case a cycle is approxinmately
hours. After appr oké e wap ﬁé&@@e@h@DS@FEﬁmﬁ§PeFEWﬁVé§“F%@l€Pga§e sanpl e
for anal ysig qt fUrberoroessina, andoldie.30 systemis: akkawednto
conplete it's ' cycle. Fromthis point onwards until the Tollow ng norning the
AKTA syst efnmsitt scyallee.is held pf EheiARTA (Kasval teRes e %untehstper vi sed
overni ght 3 sCla%an%}.?é”oqw Q- Copnl elipd o HONgVEL.1d NG QUi pUlt fah@mehbe first
cycle is Held at anbi ent Croo tenperature foor 16 hours and the out put
fromtle seomrdacyctefds hehouwd. anBhrentkT t ehpertatur -0l e8 HEGEE. The
ARTA 1s nof,a §£§rbhﬁaé¥5££%%aQﬁebbgsP&EQSP ferom theosystem afrfram

| aboratory air 1s irntroduced. H gh protein solutions encourage m crobial
growt h whi ot mffuget . spoiiiafie pfothin coldlegieds saRylcerapesuMisiyiAn negati ve
| mpact on Q&%ﬂﬁ%rﬁaghﬁnaéﬁ%%é% O%poilage of the collected sample,

resulting in negative impact on downstream analysis ox

10 further processing.

Running with the gadget

The following example was performed using the ArTa

15 purifier system. The system is 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 gystem has
collected the output from cycle one and sterilises it undex

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

igs held for 16 hours at ambilent temperature but there are no
microbial growth as any introduced wicrobes are removed by

25 the sterilising filter, likewise for the second cycle.

sSummary

Operating without the gadgst restricts the ARTE to

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

microbial growth.



10 further processing. Running with the gadget The fol |l ow ng exanpl e was
performed using the ARTA 15 purifier system The systemis set up at the
begi nning of the working day by the scientist. Sufficient naterials are
provided to allow the machine to carry out 3 cycles of approximtely 8
hours each. After seven hours the system has collected the output from
cycle one and sterilises it under 20 the control of the gadget. After
fifteen hours the eluate fromthe second cycle is |ikew se sterilised,
followed by the third cycle after 23 hours, The eluate fromthe first cycle
is held for 16 _hours at anbient tenperature but there_are no m crobial
growth as any PFHFeR%cCEdMitEroBRI%r &1rendyvBsE B cifdsater ISsPsg fil ter,
li kewi se fiad he secoRdc6yStas SUBHBEYgraphy Rt LAGL¥hL hol L:he gadget
restricts the ARTA to produce material only wi'thin the working day.
At t enpt i ngPt FHERPERE FeRMitne outsi de of the working day places the product
sanpl es generated at risk of contam nati on and damage by m crobial grow h.
Runni n%vvith t he gadget allows maximumutilisation to be made of the
aut omat’ed chr omat ogr aphy systemw thout the risk of mcrobial growh. S
Havi ng thus desekivhed seuerkcaspestsfral hesbaventdonpel tnisdiQrbe
understood, that the spirit and scope of the invention covers all possible
conbi nati ohs oF e RboVeIFederibedaéntidi neRtSit FaRd héFABR eCfi tthes to be
appreci at ethvention covers all possible combinaticns of the above-

described embodiments. Furthermore, it 1is to be appreciated

10 that wvarious alterations, modificationg, and improvements

will readily occur to those sgkilled in the art. Such

alteraticns, modifications, and improvements are intended to

be part of thig disclosure, and are intended to be within the

spirit and scope of the invention. Accordingly, the foresgoing

15 desgcription and drawings are by way of examples only.

-t
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10 that various alterations, nodifications, and inprovenents will readily
occur to those skilled in the art. Such alterations, nodifications, and

i nprovenents are intended to be part of this disclosure, and are intended
to be within the spirit and scope of the invention. Accordingly, the
foregoi ng 15 description and drawi ngs are by way of exanple only. Cains
1. A Fast Protein Liquid Chromatography (FFI,C) based nethod for purifying a

pol y- peptide conprising the foll ow ng steps: a) applying a liquid
sol ution containing the polypeptide to a chromatographi c nmeans contai ning a
stationary phase; b) separating the pol ypeptide from ot her nol ecul es

contained in the liquid solution by ﬁissing the liquid solution through the
stationary phase of the chromatographtg*Heans; c) recovering the
pol ypeptide fromthe chromatographic neans in a flow through or an el uate;

and d) i 1d.zi t | oW t ntai 14N
r ecover ed poIAyEEaae%% dﬁe;%t%\?agﬁ‘lﬁ%fﬁ Iéﬁ%ﬁ%&\ﬂ?ﬁl e?(n sl’g’d }_Ds Se%rdl Igﬂeetq}ﬁdt ration
is in-liffE Eriieing |8 ealivreathideh danresrsined g dildeming sftems:

chromat ogr aphy). appfihe dethad RGO ING ildh W vl ihindhenRl BdIRpERAdY the

to a chromatographic means containing a stationary phase;

b) separating the polypeptide from other molecules
contained in the liquid solution by passing the liguid
solution through the stationary 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 the
recovered polypeptide by vacuum filtration;

wherein sald sterile filtration is in-line sterile filtration

which is carried out directly after chromatography.

2. The method accoxrding to c¢laim 1, wherein in step b) the
polypeptide interacts with and is retained by the stationary
phase; and in step c¢) the polypeptide is recovered by elution.

3. The method according to any one of claims 1 to 2, wherein

one or more of the steps a) to d) are automatically controlled.

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

5. An automated Fast Protein Liqguid Chromatography (FPLC)
system configured for purifying a polypeptide according to the
method of any one of claims 1 to 4, comprising i) a
chromatography module; and ii) a filtration module arranged

after the chromatography module, wherein the filtration module

20



pol ypeptide interacts with and is retained by the stationary phase; and in
step c¢) the polypeotide is recovered by elution. 3. The nethod according to
any one of claims 1 to 2, wherein one or nore of the steps a) to d) are
automatically controlled. 4. The nethod according to any one of clains 1 to
3, wherein the stationary phase is a biopolyner, inorganic polyner or

synthet i eRoluter - cach o il oh Tk Bt qaally fave el enals darayps

coupl ed i's a rane or n ‘aut omat ed Fast Protein
Li qui d @hrfdm-(t@mm#wl (CRFIarCe lopdee moosafiingte & o PPYRISRFNE a ool ypept i de

accor di ngdQ Jrie malhod &i})bn@r&%g@fap@l&ammuiet 0 ohd (‘aOTEUm:S:id]Q g
chromat ography nodul.e; and ii) rati on nodul e arranaﬁ_ﬁ fter the

chr omat S§Fa S s i \Hli@re?ltr?rtlpré ffllllttlrzi'ttll8ﬁL dlflhé3 ao et | east
one fil tfrlattjx@zrt;mﬁmafrw sirey Mlhﬁérfelllnt rtaxtel g e iflleoiitlhraugloron sadreiveat e

cont ai nlb%(%%) gy%eg} (ﬁq‘\%g%t%h fhom f%&?tra'[e%g%t O ﬁ%%t%%“';% and a

control contr eri e at | east one
filtratiion lrm@n§t%mcl&/\/rfétr1éirrwtm swherqh esr patrrraﬁdomts driaren Yoy &5 vi ng
a vacuurghx%ggt\@ggra%ﬁg,_sal d sterile filtration is in-line sterile filtration
which is carried out directly after chromatography. 6. The system
according to claim5, wherein the filtration nodul e conprises nore than one
filtratisan mesans sfy@t&ﬁtt exddeardfiingt rcat icigia 5l owhichredughr ey fan telavatoe

contai ni i hne RAIMRSAI 4 S e el %%e{ QL Re oy g«%@r@&hys{m%& and

for each nmeans a functi ona connecte ntrol neans for
control Iﬁlﬁgiltaﬁelfyéhﬁ]é’vfﬂl’tl@&{q}b@rb%ft t‘ﬁ%%tlet AR He¥h<EPe 7. The system

?Ccor di %ﬂy%)e%midwﬁéﬁoxfé@mémﬁ  Heh it idhatdesy ey GlodEans dralmidses at
east one C.t rirca

power ed r tlonall i Si n
term nal® dl}tt;ﬁﬁt“t%i’ M 34t° faorfe“‘&%t 51D %%@ngcorpe%?zl HKE%D at | east
one el edicronexitam Chalnyatve, sberhléuﬁmltunaiby ownriést efciltksitl‘me RSATIEM
according to any one of claims 5-7, wherein each control neans conprises an

electrically powered relay and an eI ectronechani cal, val ve b%} h .
functloﬁhlly cnesteg according to any one of claims 5-6, wnerein 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

electromechanical wvalve, both functionally connected.

8. The system according to any one of claims 5-7, wherein
each control means comprises an electrically powered relay and

an electromechanical valve, both functionally connected.

9. The system according to any one of claims 5-8, wherein the
control means comprises an input terminal and output terminal

for control by a computing means.

10. The system according to any one of claimsg 8-9, wherein the
electromechanical valve is used to control the delivery of
supply of vacuum to the filtration means.

1l. The system according to any one of claims 8-10, wherein

the electromechanical valve is controlled by the electrically

powered relay.
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9. The system according to any one of clains 5-8, wherein the control neans
conprises an input termnal and output teimnal for control by a conputing
nmeans. 10. The system according to any one of clains 8-9, wherein the

el ectromechani cal valve is used to control the delivery of supply of vacuum
to the filtration nmeans. 11. The system according to any one of clains

8- 10, rei h t L,C ve_ LS. GO ed by t llectrically
pomeregﬁgéla@?& gi%Fgﬁhégg§g?gﬁ$ag%o%g%ngn%oogngié%%gog gﬁéiggeg?%%,
wher ei nthRecépetrPOREbRAAFaAl VRAVeeipsaasodrapafidvaaiee. 13. The system
according to any one of clains 5-12, wherein the filtration neans is a
filter igp. %%. The systenlgccording to any gne of clains 5-%3, wherein
filtration conpr F¥85SFofFCPFREPHL FONSBKACPEUP EcOREIBF RBaRs, Wherein

the filtration means is a filter cup.

14. The system according to any one of claims 5-13, wherein
filtration comprises four filtration and four control means.
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