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25 Antibodies and antibody fragments are of increasing importance in a range of
therapeutic areas. One of the most important methods of producing antibodies antibody
fragments is by recombinant technology. Such techniques use a host cell to express the
desired antibody, or antibody fragment, which is then separated from the production
medium and purified.

30 Antibodies require glycosylation and are therefore generally expressed in eukaryotic
expression systems employing eukaryotic cells, in particular mammalian cells such as
CHO, PER.C86, NSO, BHK or Sp2/0 cells. In eukaryotic expression systems the protein of
interest expressed such as an antibody is generally secreted into the cell culture medium.
The medium can subsequently be separated easily from the protein secreting cells, e.g. by

35  centrifugation or filtration.

Almost all current industrial antibody purification platforms use protein A (described
e.g. in WO 98/23645). Protein A is a cell surface protein found in the cell wall of the
bacteria staphylococcus aureus that binds to the Fc portion of mammalian
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WO 99/57134 WO 2004/024866 and WO 2007/117490 relate to processes for

protein or antibody purification comprising ion exchange chromatography. The processes
are exemplified using antibodies produced in mammalian cells. WO 2009/058812 relates
to a process for antibody purification comprising cation exchange chromatography. The
process is exemplified using antibodies produced in mammalian cells. WO 2007/108955

30 relates to a two-step non-affinity ion exchange chromatograph process for protein
purification comprising cation exchange chromatography followed by ion exchange
chromatography. The Example in WO 2007/108955 describes the purification of fully
human antibody produced in mammalian cells. Multiple washing steps were performed
during cation exchange chromatography and the eluate diluted prior to anion exchange

35 chromatography. Humphreys et al. describes the purification of Fab’ at a laboratory scale
using cation exchange chromatography and ion exchange chromatography (Humphreys et
al., 2004). WO 2004/035792 relates to the generation of E. coli strains expressing mutant
PhoS protein in order to reduce PhoS protein impurities in antibody fragment preparations
purified from bacterial cell culture.

40 CDP870 is a genetically engineered antibody fragment (Fab') chemically linked to a
PEG moiety as described in WO 01/94585 (which is incorporated herein by reference in its
entirety). CDP870 has potent human TNFa neutralizing properties.
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The inventors have surprisingly found a neM/process for purlflcatlon of an
anti body 10 fragnent from a periplasm cbcell extract wherein the process
is highly efficient and suitable for periplasmc cell extract conprising
anti body fragment at a high concentration. In aspect the invention
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produce a fntibody dragateatsc iamaperipRgnih eethrexirpetslyharvestpde fiem pieKaotice @Bt dn

chr omat Hgr pahigulat @pmwiegatiienbdcheziaf duck tas . wali expresserb pystdnegd tHab agnsuitable xechange
chr omat ogr apdnitetvdthCaR lekf £:td MALEINtIRS v@ﬂ%@flﬂé‘r@%nﬁbd‘?@ﬁ&gh@hm@m@ enbdth Ni ng
the anti bogdyifdarRient aRd H@ﬂOM%'h' f16r €Rbds&Bh P alYarihad mehtd r%GQFré‘er

aspect the| o%l@ts'u%’blé’?&r"thg SrifftalibR o 12 13 A @Eﬁmﬁ’e réfan?B‘é Qr?‘i'rﬁ' body

20 fragnenpe rom P nsi's

first chroff&@"Ggr ”E?ebecﬁl&”@étb% Gylemp if‘ézezinlf"l' %66‘?3%3 rﬁfesvam

m xt ur &0 coRealthsriegiamfilant 088ey6 AEagh®ht is subjected to cation exchange
chromat ography to subsequently eluted to produce a first eluate containing
the anti body fragnent; a first ultrafiltration is applied to the first

el uate; a second chronmat ography step wherein the purified first eluate is
subj ected to anion 25 exchange chronmatography to capture inpurities to
produce a flow through containing the antibody fragnent; and a second
ultrafiltration applied to the flow through, and recovering said anti body
fragment. WO 2012/013682PCT/ EP2011/ 062837 7 BRI EF DESCRI PTI ON OF THE

FI GURES Figure 1 shows a chromatogram of protein (including Fab')
nonitored by absorbance of UV light [neasured in mlli-absorbance units
(nmAU)] (solid line) along the conductivity (dotted line) fromthe first
capture step on a cation exchange chronat ography columm 5 (Capto STm. The
chromat ogram shows that a |arge vol une can be | oaded onto colum during

whi ch some proteins do not bind, followed by the recovery of bound proteins
including the Fab' in a small volune with an increase in conductivity.
Figure 2 shows a chromatogram fromthe step on an ani on exchange
chromat ogr aphy colum (Capto Wr). The chromat ogram shows the non-bi ndi ng of
a Fab' 10and its appearance in the post-load wash with the bound inpurities
recovered in the regeneration peak. Fi gure 3 shows an SDS- PAGE

anal ysis of capture | oad, capture eluate and ani on exchange fl ow-through.
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Figure 4 shows Western-Blot to detect host cell proteins present in the

sanpl €
chrone F
DESCRI . e et e g U U RURURURIRURRURURUTON -1 o o7 -

of CDRHl of CDP87O SEQ ID NGO 2 shows the am no acid sequence of CDRH2 of
CDP870. SEQ ID NO 3 shows the am no aci@ sequence of CDRH3 of CDP870. SEQ
ID NO 4 shows the am no acid sequence of CDRL1 of CDP870. SEQ ID NO 5

shows the am no acid sequence of CDRL2 of CDP870. 25SEQ ID NO 6 shows the

am no aci d_sequence of of CDP870. SEQ ID NGO 7 shows the
nucl eot i deS¥ 6R(¥d@EtTé'(|]EMIﬁHT§2Nd sequence of the Ilght chain variable

regi on CDP870.p r|f|c 'uPerW%ts%nﬁQﬂ rfg@?dﬁm‘é?g % %anﬁa@é" no
acid sequepce. of. ﬁ) é/ Al rla\Fer Lon déqs i I
shovs the B Jified i aace'gh el ety il IS {1l Mpre tpGEPUlE Trie
chai n. §ED 2 fisulting Ree feq \é(h?%mé‘f‘é?soﬁ%eéde@ﬁeé“ EP”@P%WP(%W“C
anti - TNFa F%@WS'POQ@%W%Y@*PWEHWZQQE/ theFpsRPOI RPRG3l hog beed Protgins
DETAI LED DESGERMPFLMNrOFfidiHEed NVENDSIbENbvercome Whempfateiss nesqxeiod ptrifeedifronent i on

rel ates tog@anpPrefare Ftedd@upurdsf thatbkmrasohetstogbld pedtefnsagreendryfHigin a
peripl asm gofe8hiratxt ract conprising a first chromatography step to capture
the anti body fragnent wherein a m xture, such as a periplasmc cell
extract, contalhd ingeraws have surprisingly found a new process for purification of an antibody

10  fragment from a periplasmic cell extract wherein the process is highly efficient and suitable
for periplasmic cell extract comprising antibody fragment at a high concentration.

In aspect the invention provides a process for the purification of an antibody
fragment from a periplasmic cell extract comprising a first chromatography step to capture
the antibody fragment wherein a mixture containing an antibody fragment is subjected to

15 cation exchange chromatography and subsequently eluted to produce a first eluate
containing the antibody fragment; and a second chromatography step wherein the first
eluate is subjected to anion exchange chromatography to capture impurities and produce
a flow through containing the antibody fragment, and recovering said antibody fragment.

In another aspect the invention provides a process for the purification of an antibody
20 fragment from a periplasmic cell extract consisting essentially of a first chromatography
step to capture the antibody fragment wherein a mixture containing an antibody fragment
is subjected to cation exchange chromatography to subsequently eluted to produce a first
eluate containing the antibody fragment; a first ultrafiltration is applied to the first eluate; a
second chromatography step wherein the purified first eluate is subjected to anion
25 exchange chromatography to capture impurities to produce a flow through containing the
antibody fragment; and a second ultrafiltration applied to the flow through, and recovering

said antibody fragment.
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5 antibody fragnent is subjected to cation exchange chromat ography and
subsec '
fragne S
subjec. __ __ _ g R L S

produce a fIOM/through contalnlng t he antlbody fragnent "and recoverlng
said anti body fragnent. 10ln a second aspect the invention relates to a
process for the purification of an anti body fragnment froma periplasmc
cell extract consisting essentially of a first chromatography step to
capture the _anti bod erein m xture, such as a periplasmc cel

extract coﬁRélT_-'ﬁlDrEgS%WPTﬂ&\bgﬁyTHEE&EFFIESI S subjected to cation exchange
chr omat OgraphyFléQrfeSI%%lé%térXatgéﬁdEQﬁtp ?Rr(.HElH&iﬁ%ﬁaB% F .to‘?édeiV?% Pdl%néé ni ng

Lo ater ! 2oy et RN in Bylabeiaac s PlSTRE] B PG o

subj ect ed {45t 8%"6‘?? %%HB‘?\?&“&%P’HF%F SrdbAyeation EXPtaTPe MRNAPYPRY €UUBPoduce
a flow & hr GeRpte 80Nt Aherchigmeatpgramshewel that ealgigentolung eam be deaggd onto column

ul trafiltrdtningnwhipiplsoe® potdidsedd Irmiv b, deiplved aryd theemoweny off keand pasteinbody
fragment . including the Fab’ Ina éméli Volimewhoah Merdas®in ddnaudtivist aspect of the

i nvention the Erocess according to the 20 first aspect of the invention
conpri ses onl yFigui§ QCtﬁr@Wﬁt@gr%WWatQQ@ﬁs from the |fiem PR r30 ARBBJIEHENIANIBS t he
second aspeupmefogtamby colvent(Captotdie). fhe chwsategram shenys the rohebingingefd Baipect

of the1o nvem iterappberantd inathel postldadnwadht aith ttie boatd onpeiesas@eered in the
chromat ogr aRBMedfich pdag. ul trafiltration after the anion exchange

chromat ography are perforned by tangential flow filtration (TFF). 25ln a
second enbodi niggtreck shayes an PHE-RAGE @naliais #F parturegpad. raptuig elvieicoand anieme
process acexhdnggflavathrdughf i r st enbodi nent of the first or second aspect of

Rl o e N
i nvent idn P?fotet{éa'ﬁﬁ@caé@saﬂéb@éf‘%lﬁh@etaa'oﬂWécﬁﬁnﬁl@f’h@ma@&ﬂﬁ‘d enbodi nent of the
first or seconﬂ8a§pr%q,\ts L e dcﬁvﬁﬁbéﬁb’és o?’eDbg?o cation exchange

chromat ography of the first chronatography step is perfornmed in elution
node. In a fourth enbodi nent of the first or second aspect of the
invention in the process according to the second or third enbodi nent of the
first or second aspect of the invention the cation exchange chromat ography
of the first chromatography step conprises the 35follow ng steps in

sequenti al BRWE‘@DE%‘)RIF‘?@@W@FE‘FHE xedgENereh as a periplasmc cell extract,
contai ning an anti body fragnent onto the cation exchange colum, WO

2012/ 028682PCTHER2D NO): 060887 e dinguasitlisagueniae ot@PRUIM of CORENQ e COI um with a
concentrati on SrarmAalOytRATE R codfafg e OgHg of torBrb and <2l
SEQ ID NO: 3 shows the amino acid sequence of CDRH3 of CDP870.
SEQ ID NO: 4 shows the amino acid sequence of CDRL1 of CDP870.
SEQ ID NO: 5 shows the amino acid sequence of CDRL2 of CDP870.
25 SEQ ID NO: 6 shows the amino acid sequence of CDRL3 of CDP870.

SEQ ID NO: 7 shows the nucleotide and predicted amino acid sequence of the light
chain variable region CDP870.

SEQ ID NO: 8 shows the nucleotide and predicted amino acid sequence of the
heavy chain variable region CDP870.

30 SEQ ID NO: 9 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870
light chain.

SEQ ID NO: 10 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870
heavy chain.
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c) eluting the antibody fragment with an elution buffer. 5In a fifth

enbodi ment Nnf thoa firect nr carnnd acnart nf tha | niiantinn in t ha nr Nnrogg
accordir e

INVENLT Gii vtk i1 wi Liie o iy WU Tl 10 T UL bl LU LHIe I Ul b

m xture, such as a periplasmc cell extract, containing an antibod
fragnment, prior to the first chromatography step. In a sixth enbodi nent of
the first or second aspect of the invention in the process 10 according to
the first, second, third, fourth or fifth enbodi nent of the first or second
aspect of the invention the m xture, such _as a periplasmc cell extract,

cont ai ni ngDﬂ%ﬁDWR}%ﬂ%pf -BT”T':(WVEHTM%' first chromatography step has

a pH of Dbet Ween 4 rgé eét‘tﬂei ﬁlflc%r ds B Hogéssqgltt il iﬁj'ca:ﬁortn félh ntib%B\fe

pr ef er abl ﬁga%ﬁ?%%ﬁmmtbesgv\{eian 419/% If‘%?rz%coancf:rmstf. %rcg]rofg?%[)ér‘ya ﬁfs g?%cl %ﬁ“?
sevent h enbBUI'HEAC 6T PYHEEFTY ST BY 2SN Qgﬁeg FOPHRIPRVEHTY On“dPH"T he
process acHkSaMtiReMiERAMeat Wherstn 2 QR ESUCh S AdReripagriacellexirad. cantaiping AN
enmbodi nent artibogydrapmest isppubiecteshitP gatipacexchangenehromatagrarhy andesyrisgauandly

cont ai ni ngelatedcattt ipbaxtlige f a afinse rtuaden dob@imgg shbpetiiaty fragroant; @andesd cbaoge

chr omat ogr apttyn & geagiy BRIpYwhaRdiHItAe FirePeRRNé as RableVtad tHr0lh Bxahadge
g?nfggts[ agbﬂemgfog?épht@@éé tafegl’mEM{i’es%a? %Foc’ur@élgtﬂoﬁ/ ég@%gqgérgléihingﬁﬁ%%ntlfbgg{é ![- 28r
giL. o ar TP oy terq ey 47 btk Ralmped

B ConCentrati on of between 3 and 40 g/ L, or
at a comcent r aini @ se @fndogipseethedinasstic?Orefdtbs tob @bcessciondrenpuriichon of an
between 5 apkbokl fedment from 4 BeAPlaB8hBOLEI eRDOEH BBRSisg Esntibiiypbr @F firgcond
aspect  of EM%n{aEB@‘Q H;P&eE@%EQ&uPJ%%%%ﬁibé%ﬂé?.’n@ﬂt \R/R?rfehﬁa Hiz(tﬁ?e, s%%ﬁoé%da
third, fourtrh|dl Ii t Iexﬁ}a ¥ onqrin%e\é%ntntl gciiyf? msnnjtls s?ur%)'etc eedt : raﬁt O)r<chf':1n5
second aspBEP BT e PAFEh AR & A PO S i T Hoe AT ST B aC PP 4G nent
and bei ng SUBMagERhy & edhsegret GHpGL ridUrRR HEH & canipgithgpRtitodht ur e
step cont afragmentt p Hed wltrafilgemepaliedtodba desh eluats; onsefondtchreaaiegraply step or  at
| east 4 g/ Wwherein ta¢ plfgsitfird efylals is subjattedl eaatiorvexshghds choomatbgtaphgto EPtugé L or
at | east 2fhghities @ pAidude COMBRMro@H edhtdhirketheeenbSdyanggméntgand atdecdhd @
concentrat }Jlﬁaﬁl%tiéﬁe}p}ﬁﬁé‘ﬂo%@mﬁv@%L@H—anoq‘éc@x?eritﬁ%%l&ﬁﬁﬁﬁoh??rb&ﬂeﬂf bet ween 5

and 3010 g/ L. n a ninth enbddi nent of e first or Second aspect of
t he i nventi on linra firbleenirasioesry ohthedirsliaspeat of theénvientiast the peaseagiacaordingito theur t h,
fifth, 2ei xfilst aspewtasitie ioventibg borhpréseb ediyi®o thromatdyeaghy ss&dpsor second aspect of
the invention the cation exchange chronatography of the prinmary capture
step is perfor'ﬁ@df'ré‘te’%qul”ﬁ%troél*% s§Fongt agpagf t 'OV%HPH}hep‘Fre?%ﬁse?ﬁF‘}fdtB‘étt‘a\/een
300 and 3¥esershesredimidhpriefantss the witafideati gbeftanthe setor rxhhargen
mor e pr ef eclabinptogestpheeamd3 8@ altrdfilf@3D eftgrhtheaaniomeschangef eratmiatogomthyese 400

and 700 cnpéformed by tdngentidl 86w hitratdrodFrent of the first or second aspect of
the invention in the process accordinﬁ to the first, second, third, fourth,

P . , r, S d,
fifth, 2%ixth, BRI e@pairgnef the frehorerepond awset the vertiopdr therPreeednd
aspect of aterimgdatthefirstrramiediment ekthiedirgtor secomalt aspegphiythefinvérdiotOphi mary
capt ure st epromatogephy stapsl ast perfoanediore & ichrotmatogiraphgicolomine t han 6 nS/ cm

preferably W) 2012/ 013682PCT/ EP2011/ 062837 _ .
In a third embodiment of the first or second aspect of the invention in the process

according to the first or second embodiment of the first or second aspect of the invention
30 the cation exchange chromatography of the first chromatography step is performed in
elution mode.

In a fourth embodiment of the first or second aspect of the invention in the process
according to the second or third embodiment of the first or second aspect of the invention
the cation exchange chromatography of the first chromatography step comprises the

35 following steps in sequential order:

a) loading a mixture, such as a periplasmic cell extract, containing an antibody
fragment onto the cation exchange column,
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10 between 6 and 2 nS/cm nore preferably between 5 and 3 nS/cm and even

rmre pr ~f mne AL | P Y A r -~ Al ~ r AT A aa | PR Al At A ~mda A AL rrent
of the 1gto
the first, seconu, tmira, rourtn, 1r1n, sIxutn, sevenun, ergnuen, mnen or

5 tenth enbodi nent of the first or second aspect of the invention the

cati on exchange chromat ography of the prPmary capture step is perforned on
a resin conprising sul phonyl, sul phopropyl or carboxynethyl coupled to a
resin of suitable material knomn in the art, including but not limted to

C OSS| nked beagfdméﬁ am)%gnqe C&llmﬁﬁmn%ltﬁgﬁl e WheI%ll’H) I’?’l?elﬁé
IIDrdIerId IIEt|Iacry E I’()X f ] t.#EH: Qﬂi
t I|e

ceram ¢ 10and st yrg\&% hﬁ]gvt%e. ?'Bdétgtﬁ\@%ep'_' and Séit F%ngﬁwpfotfﬂ" W%%‘dl?

first or second asp“é‘é1 @%e invention in the process according to the

el event h enbodi neteafngliRCaties) rimaf $AAGARABA LR the i nvention the

resin of the cation exchange chronat ography of the primary capture has a

dynani ¢5 bi ndi nlp « &ffaembgdifnent ohibe dinsti dssagorfad agpeehof e imtentiegmit the (pregess of

resin, or atcokd@gio th®fdith edfoodikfent estha firsdbr fdcoh@asgect 5 tgé lnveitionasé pH odr  at

|/ei15t 150 BelwdsBirgbuffer is RRNERRo @ ek the thidlre, S®H d¥ a Qérup%ﬁﬁt@gétllh&@raatnd 100
resin, [ irteen

gnbodl ment %italplﬁé%ﬁﬁﬁgq%%omgrg%@ngrlldarst{)g%tff?sofchmwatodn%)orﬁt| £ in the process

accordi ng to tlhea skibveemiddiroenttdfi¢het fivel drt Secembashevkot thefinvehor inrtbé porcesecond

aspect 1@f béwrdify©nhé Bt sbeordemird, Phirth b.eﬂfmaetrhm.rﬁemhamge.rﬁlat@éa@hegé@éﬂny of

the pri marys anthfion 4 HAGu@, SBANaPRbEHSYLAL Rhsyralt, BnthiBAB! armlhy

pref erably,h gj e,t;t.o??qbqagqtbs%%@mm@g?a S L% efttvt?etmgs%ngre%&gwpm

d
enbodi ment 26¥ Phacieeg4-310 de LR 8 eta of PRANRENGhS (% AhanBebs s

enbodi ment 2
accordi ng PEfaraly fidr st |, second third, fourt h f| fth sixth, seventh,

ei ght h nl nth, I taegetvgntheél Y)@ﬁ%ént otttWQIfl srt Br cohc!f' iﬁe%?@fttne %@ﬂ%hﬁ#ﬁt%rf%cetsbe

first or secon C,

ant i body 1 FAGRUA %tﬁ?in? ssecg%g*ar& %&ﬂﬁoﬂf&"a?rs hSQ‘ER%\'H"ggt P Bl boetle |

t he primar 9SR?§b?fd'P%'”¥?fB'ﬁné'?ﬁft‘a‘ & Coiginipg g IanikR flagmentansk Raing suhiesisdd unt
of bet weencatisouaxchangeefiramatagramnycz0e panaty, ca@bwatstespooorﬁgmﬁtot@bprsmabg/ m ,
about 1000cqgentratioo o4@0Raptgl. fr/Lopr atdeast 3200 0or @zt lemist 4 /L4608t Ipggtrdl g/L,lar
fifteeps h rabods gRNbr ffledsheo HiLroitat REsIDOCHINbrasRast40af/L et & ByresRhirgtibnidh t he

process 39et§v@8r?f3@h5‘9,0tgﬂ_ bhgt 4 édrebntratiBk %FQethéH i dnd fz@Bth Br atfd ddnBentstixh N
sevent h, eb nth el eventh, twelfth, thirteenth or fourteenth

enbodi nment %en |rs ér second aspect of the invention the in the cation
exchange chr onatamggighin gmbbditrieat @frtherfiisyorcsepdnd &spetiedf theihvweadion n tegrdddes g

anti body fpa@r@ng toptﬁé fitst, ls@Eorlde &irl,; foleh, WRR st oRBEL R dmBsdirh&AQY tHerfRamRNt
per liter Eé‘é&gp a%g e&f‘tﬁeﬁ %&.o@ﬂ mxtgré”‘&%nt?l H%Jnr Qﬁ%‘é&} frd ﬁtehf ol béuﬁé' n

are | oaded

the invent f"bbﬁed%d tf’r?é' %ﬁ%@ge %‘E%’P%‘ gpt‘y a%?\B”’PF‘W CF‘pt“E ORI IAF ?@“ °F't6urt h,
fifth, si xtrﬁgm%@\?éﬁtcﬁnceét”@H?Wfarh"?ﬁsh3 {le At At leastd&hids 2t {apst $ of; ok #li'sastent h,
f our t eent h7 8ro/lf.ioF atleastH Ocanp otiatrieast 200/l heatfd Weroratlee@bbﬁiwe@pé@ﬂd 8f gtlhe

i nventi on bthat acereengaidracigeteberoAsnd dilaghyorn at at domcsetcativt of ebmetrog magphy
step isopenhgined on a resin conprising quaternary ammonium (Q,

40di et hyl am noet hyl (DEAE) or trinethylam noethyl (TMAE) coupled to a resin
of suitable In a ninth embodiment of the first ér second aspect of the invention In the process

according to the first, second, third, fourth, fifth, sixth, seventh or eighth embodiment of the
first or second aspect of the invention the cation exchange chromatography of the primary
capture step is performed at a flow rate of at least 300 cm/h, preferably between 300 and

35 2000 cm/h, more preferably, between 350 and 1500 cm/h, even more preferably between
350 and 1000 cm/h, and most preferably between 400 and 700 cm/h.

In a tenth embodiment of the first or second aspect of the invention in the process
according to the first, second, third, fourth, fifth, sixth, seventh, eighth or ninth embodiment
of the first or second aspect of the invention the cation exchange chromatography of the

40 primary capture step is performed at a conductivity of not more than 6 mS/cm, preferably
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WO 2012/013682PCT/EP2011/062837 11 naterlal known in the art, |nclud|ng but
not Ii ’ B “hil or
Super ¢ at ed) ;
SI | I Cé{, vl alllr o aliu o 8 _yl ClicT ul vi Il_yl MTIHILCTIlICT., 1H11c< QCTLVUIIU vl viilau UUI CllJlly St ep
may al so be perforned on a nenbrane conprising a quaternary amoniumor 5
poly(allylam ne) coupled to a nenbrane of0 suitable material known to the
art, including but not limted to cellul ose and pol yet hyl ene. In a
sevent eent h enbodi nent of the first or second aspect of the invention in

th f h,
ovent b opyE AR AL PO S Y, Bl B
fifteenth 8 PR %erﬁhé [ n% Dt the first or 10 second aspect of t he

i nvention the @naMRIc0¥6thadgieo dine NS tA g fiaght s@@bh@ﬁsﬂ)ébttoh%eslﬂv@tﬂ(bn in the
chromat ogr gpRys ssééaogrd?ﬁétoathgﬁﬁ‘& Padohb Cilrar stk SinRf s&fh Leasin, LR ninth or
pref er ap| vte%ﬁqt T PQP‘@% Bﬂgﬁ se%%ﬂggegsgpafggs yopﬂ%ewga%& /e AA£00

pm and eve
FUBRREIS e AL R LA G TR
process ac&drrRAiePH Br ¢areopymeshy C§kélé'9ﬁép aesip @f syitaliq materiaf kpowrsintpp art,
sevent h, einglating it moh |imiteshtchcroeslieehtheadedvinis of aghiose de.gt Eﬁepfliaymet“%@nt h,
fifteent h, Saperbe£) Mmoalfies ensgiidopgat polymaediene néntadle, thyerokylatet); Gllics ermalc

aspect 1®f bREstiR¥ERNINBehReani on exchange chromat ography in the second
chromat ography step is performed at a pH of between 6 to 10, preferably a

pH of bet ween 1 a twelth erphasipentfos thelfirgt dsseornsiasgeetef the Iavmwtlevéhthﬁmr@ess
pr ef er abl yaatordingld the dédeventi2@hbodimeni ofebe éirst br sedoodiaspadt obthe ineerftionsthe or
second aspegin of tHeheatiohv@ithaAge throiio aphE 85 thRCEahshyn@ipte thae o dysdmic
second, t hblhgmﬂfcgb’é'cﬂtg forlthd Bﬁlhbo%i%/*rra meﬁ@éffedﬁéé’st 50 ghtdd redih Nr it Ietaglné(hg/L of

gle\?\éﬁ'?eent e\g%l Fgﬁé e(ﬂtr |n o?'é(l‘égsnl%g /I_frI ﬁw mel{.\/vee% 38& egclt.res 't he

secon
i nvention ?htéet‘?i‘?ﬁ %UFE rﬂj'er‘??HPBﬁté?tWG‘?rh 9“ Phée¥%econd chr orrat ogr aphy

step i s perforpesh bdecatPendbdsertRmE st o%@et:@ﬁd EE@eo@b@ﬂ%ﬁ%vé@&hﬁﬁQhe

l)]tmlrjélsf 'nesg %e&rgcﬁzgﬁlrngttt}% %Igvé}ﬁrlrop{hert\?/él'ftﬂ en'%oglrgr ?Q t e(ﬂ s?@F ?écohagg %Q \?\//ele_:n
20 ang. 80 B \e TRERISH IS BHR i Clol ket ?%gphygf the BAMEY, GRS e

embodi Ant %?f a {rpRAnt p3riquiss SizseelcAt deast SA M. cPFefF'Ff‘Q'Vl hRMEPRN BN aﬁﬂé’oﬁﬂﬂb&%e
accor di ng Prefarakly betveen 76 egd A Hmhandevenduare Rreferpbly hetwsier 8A and d0@ Hinh,

eighth, ninth, tepth. 30 ,ﬁ}@fﬁn@hmfthmar.iztté?ﬁ?%!;aégsgégt*afu{eﬁmrﬁ wn,t?ﬁ y

fift th, t th,
Lhe 11 rst” BPcAsam dnga e et esdng B Towi. HELeRocveriont 2B, 4N

per f or manceley@iydwelftaer thirtagntn rebogimery of e first pr sgcepd aspect of thg inyention the

t went y2% i r gixtareboehtaemtg ef antibofly fregment seltiomds aspiectefo takomn exehan@d i n
t he pr ocesshramatgthiphy ih ahé pembhnyr siptursestop dontalmisr shctdriatihbdt, cdili frotein 81 xb h,
sevent h, eh@blft ofMbdtivBen bBHEIR00 FPmEL &V@Ob@kﬁﬁn\(ﬁ%éd’i ,500MiglhERABO pg/mi,

fourteent h ?{{;’tg né/pﬂ S4déb f?ﬁl'&aﬁ&){%é@ Mo &jogmgﬁmnt h, nineteenth or

twentieth e the I rst or seco aspect the invention the
ant i body f r agniers fiftreectbveentedinoa bétha $irdhossecord bsgacoofeheing&i@B) in thegmoa@se®unt

of not 3¢ror gcddraing kd@h P aFst Sserehd Mhlirdi urthpAfh, sikih, Klerthr Bightharinka Otepfin or
not more t BaRenkd QwRAR thintdEh A} 44 (HE3RB 2T FRe Mk HBR88dr second aspect of the
invention the in the cation exchange chromatography of the primary capture step between
5 and 100 g antibody fragment per liter resin, between 10 and 90 g antibody fragment per
liter resin or between 20 and 75 g antibody fragment per liter resin are loaded.

35 In a sixteenth embodiment of the first or second aspect of the invention in the
process according to the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth,
eleventh, twelfth, thirteenth, fourteenth or fifteenth embodiment of the first or second
aspect of the invention the anion exchange chromatography in the second
chromatography step is performed on a resin comprising quaternary ammonium (Q),

40 diethylaminoethyl (DEAE) or trimethylaminoethyl (TMAE) coupled to a resin of suitable
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12 In further enbodi nents the process according to any of the

enb e

ant i body.
The (¢ v CinUnue Uy upily wo ustu v v o tuowpr v
separation 5 technlque in which a protein of interest or antibody of
interest is reversibly and specifically tdound to a biospecific |igand.
Preferably, the biospecific ligand is covalently attached to a

chromat ographi ¢ solid phase material and is accessible to the protein of

I nterest '&aﬁﬁ%ﬁ-\{tg(% n‘?‘ﬁetaﬁ'temﬁglldfﬁﬁwﬂpncﬁ(ﬂ Q&Eosch&ﬁn@ar ggaia%mf%gaagéd
phase mate

Speoi 1. bl SEPI T 1§ PURSTERE bt Bitst e todals it o idgae

subst r at e, N¥EPRERET); sFaitsraiRa@n ﬁB’rreré%&P’r'ﬁVB?”%ﬁﬁ‘len ﬁbe tsﬁéo *E%?GQPQBW c
steps, whi stépomsealsswmwéormd/mammbfang omarisénang fuateenady amoronimer
appr eci &bl polplgaeioef capledyo bondnitgand ofesudablBnratkriagkrofvntth ehepary tiredudlingfbut

i nt er est t RottiiRfitel BEMUIEZ 864 b¢|ﬂ§[ﬁb}der&,| | ows contam nating proteins or protein
inpurities to be passed throu t he chromat ographi c nmedi um whi |l e the

protein of i nt'@r%§?vet”éq‘?ﬁﬂh§m§%meﬂi efdhe Jird@naeicand aswect ehiedinveriir inithaind on
the solid piloasss actérdingtte thedirst, F¢vond, ghicd, fowcthl fifth, bistimdeventht eighthofinihntentrest i s
t hen r enoveldvénth,aokifthe tHirtgemt, faumeeh®, fifteanth br Ziet@ehihgambodimieht diane ikt ohi gh
PH, hi gh saédond @epRebi iAE |Hv'e9ﬁ’cmjthe%HQnteQ%anK%hroﬁ%d?W%lm|ﬁlilgé"séc,16ﬁd

chr omat ogr gpBiGid gPJ H?Ete\eﬂ Hal. aHﬂ@arFLéH.&Lﬁ’é} Lo erart teab{ E?a&?ﬂét%@%ﬁ‘éé' ng

e §LF3m‘3r ‘£§86E%§P%Hb°ée piSiSiskh HemEat 7§ f\dgi%l%?n%v?w iR Preygastye"
respective %tlﬁ@‘é"‘ BP andil¥yk¥Rg 20protein, e.g. antibody. The terms
"agl ycosyl at ed|, ARt QJnKSH’Mn@B?HHe fRECorsRdnd %Eﬁécﬁ%@ﬂ%eﬁ’\%%ld?ﬁh%é‘ and

Lot beni drapr%cgsas%cg gegwedg psha L ANSLaH, f?fﬂf's. gy5u gﬂh n.mhyfe%g{?'- or

Ca O e b bty e heCsh bt ﬁé?eV&P

tetrameri cthedirst eresegeRd aﬁw%@tﬂ“&'n&@ﬂﬁm fengpiemexiheass Caﬁﬁ’d‘%t%ap%'ﬁttge

chai ns. Theedoed ehiomategrgphylstdn is perfoinmrlatagd b blibétwsen § tai$@ dreferabhyarpd sif y

wi th "ant i betdgén Dito 8 anéreposderably betvezpactb iy ahd/evehldore @rateraplptat H pHYOT SA

"anti bodi es" as used herein includes but is not limted to reconbi nant

anti bo@? es t ha &t @'”_@’@ﬁ%%&’%@dweﬂ*é’éé%f'ﬁéﬁf ??@@_Hrﬂf‘%i}i‘%éh%@vﬁﬂ%'”itHet he
art. An " apfocessiaecordingta s fisgidsecond.dhird, irurtdf fifthn pixtby pepenth, aighthdnint), fandm 30
manmal | an slpeaitestwelfth thigednimafourtaenth Hifteanthp rsixteeng, (seventeénimeot sigittberdtls f r om
chi npanzeeembaannent 6NeeUsrsBlorGetonE| LHpe cionkiey Invdridenthe( &nidn fekérangvuse,
rat, rabbi Ehr@ﬁma%kdbﬁ?wPihQ)secSR@&hroRQ%b'g%h?rst Qs @rférﬂﬁe‘a'r%% -a i H&né‘@é a8y

her ein 24S gt Cﬁ ges%%'a{“é& %rm Bi’é} OgZL &P s'”Ph]Fe @rgﬁgg{eaténﬂ n

t
et 333y'f %rpﬁ 28 PiEtsrALl ? §§—E§'@ O T bbb o Shahe, |
a t herapeuf? E/Lﬂéﬁ@fqrtbeweﬁl?ﬁtanﬁﬁﬁﬂﬂ} Iresl‘%wever anti bodi es directed agai nst

”Olnpo' ypeg“ delnaal‘MeQEélﬁ eﬂ{b%di%e%?oﬁﬂ@tfuﬁ‘s'm Sfﬁ@‘?nv%ﬂﬁé g glréﬁegs q
SRS N Q?%W'ng é*ee 'r%rse Srg g gy o eﬂxwofzvqﬁnté?ec'ﬁ gpty "
anti botf es "NZ fBrdesi. fiftaeRiAL SieenHe SE¥RNteEH cﬁ'%@?ﬁth(‘]’és
such as CDB'nef@EﬂIi em:b@dlr@:lgfth@mm or egxopd asp4 of the3gventipn dogmiePt CAQPEEMD- L :
FCcRN; 0X40highpatiensancd tanbe:ntIdERwﬂ!trathQHPﬂ'aﬁ)étgp such as the EGF receptor,

HER2, HER3 or HER4 r el | S nol ecul es LFA-1, cl,
bibo, O LA N SHROE TR, Sl TeOf % 4ol elgrdenns ASPRRich i ST RBoTE e s 3
subunits t H@F%facférdﬂ‘g to the first1 S5con % sl éoprtaFiftiv $ikihe agnthy sightht pinibpepthy
anti - CB88 elevenh,i @D tirkatthbddurteenth, difteemiki sedeeninl seyeotieentds eighteenth, r
recept ors gineteedtd dritwdnitetarthi@dintdnt 3f tHe fiGt of ecdnld-fpeecemhorinvdntiohhe
IL-13, IL- 5r7t|bfo@g Ffﬁgmbllarrégove?éd@ohialﬁihgﬁ cell WreiaNACPNirb an @Rk off Rt thedre such

as VEGF; | ggp ) g,qs ggr%@%ﬁﬁ;dr@e ot HoFe?{héh H%o b&HPhH mor@REH 106 o B)

recept or; eptor po ypept i
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5et c. The term "anti body fragnent” or "antibody fragnents"” as used

her ei n rof arc an anl vencwvl at ad anti hadv Aar an anl vencvl at ad narti Aan Of an
1

anti bod

Exanpl es ot antibody fragnments 1 nclude any antibody that |acks the or has
no Fc portion. Exanples of antibody fragnents include also Fab, 10 Fab',
F(ab')2, Fv and scFv fragnents; diabodie® triabodies; tetrabodies;

m ni bodi es; anti bodi es consisting essentially of a single, two or three

i mmunogl obul i n domei n(s) such as Domain AntibodiesTn1 si ngl e-chain

32& : gg?isez ; 2 'nlﬁgﬁr?r{écr lefbo |He$ig f F&:esé gécroﬁcﬁ n'y%f Q{e éﬂ'a"é&cﬁrﬁ%’rﬁg b]f t'hg flrs y

{Fagient s+ Oaeoid gehett o fheapist P%Wi‘?&e"% Ryt e

canel s or [Y:&EYv Oisa@ﬂgtﬁnéigo%nobodl esThl) and derl vat | ves ther eof .

Anti bodi es frageRis &Rt erEB@Y!bh N gk ge@rhterecﬁorle#elréyﬁfaﬁﬂﬂeﬁ%@ﬁg&hogoom :

vari ous te%@ﬁﬁu%ge% WIAYE: Pr%?{? Q?K% sg arﬁt%od%gfe Fe%g r%ve%'ib (fﬁ %éﬁﬁg}ger .
nt F%

f ?
“anti body B pe0iag lear B era | BYeL AN ﬁe‘ryoaﬁ

human, hunﬁ!HP'Z‘é’@gra@PlCrP&t'q E*@?eme% ?ﬁ%rsl aécmhl%@dpe Pﬁoé%'hﬁfrit@resiz@ﬁ?éﬂ't)@r m
"buf fer" ass theewlutien epmtacts dfeechsomatographisssolich pleasetmathrialb{he protgim efsieigcast i n
sol ution, (exg.reaaetbddpereadins ng spécifachidding agflnitalior thédlospedtic lganadderiyen
cause i t s@RABAE chdclF or/hdbher B essthpit) @Grlﬁgeﬁiesérﬁorﬁ%ﬂﬂﬁﬁlc'sﬂ‘eﬁéHV\pMet he
action of btthér ?&bt@s hAsS: B%”é.H%ttﬁe ﬁﬁﬂ%”&d“ﬁ bi Jp“r‘é&&lol?B éﬁéoﬁ.@éu t%rthélse

with biolo rea t e y ca % ant
concent r at TEAToP T 0 Pressid SE histeria 4 amahfits ToRRY Blovs forfamBiing
within a pﬂ";?é‘%"aﬂ YJiretgin 'WBW@}@S terP%aP%%eeﬁ*éfPumﬁ*‘PéPr%f&%ﬁ@m ediyg) Wejle theut
are not | i piotedelotinterest gpmaies sprsificalbr kpantl do thelimmobiizedikgand @niiae 8alid phase  The
t erm " ¢hr omatevigh Apd gpedifcallisieslindgratein, of ireérestss thentrmoyprdiio estvebfpriromhtha
subst ance pimbuiizet aighnd Witd 160 HHUhRyhi fH, SeqRsAL @Imbetig RidMer apdbfd i@CaAd i N a
m xture aspasd&Prbudh tish ERRIRAS ?arirﬂcrc@hﬁﬁn AithieCh ui #b'u'ﬁr@wfrgy%lf 1@l ut es

of "the i Xﬁwtgmma%qg &é&{j&gﬁ&em R AR ABL LA ANTSEe B IR ience

of a novin
" chr omat og %{?HQ brtancs can s e aS.eh'géﬁﬂ?%ew'@wgmﬁpéﬁwmﬁag% 4fi99 as
used hét ei Arotgirpfed: §”’t't29dd container, frequently in the formof a cylinder or

a hol I ow pi | | a,niG0 .« éi Jo%'lé@g &M *}}?ylf’yc%g 192BY Qr%rL%BPYr{Aﬁ%EiA aBl"y h(rg?e?h n.

Th h h
physi cal a6 EaRdHF 1 é?% ectfh FUE AL SRy e Y SR R PR,
The term’ E’BI‘?&U@U”\WPWS% a3eB@"WRA%i n, refers to the ability of an aqueous
solution to Coﬁﬁ@@érn@‘hrﬁllb%ﬁwbp é?leb'b@réts REtWRAM ¥R Red 19A8Snoddhal or

sol uti ga, ggl&w e er.cqvvfﬁngth'm.bsa.eg% Rphand 15 L0 r!dwon.ﬁm +j1a? Fasing

e O i erby pmimeglobyln o iy ”eouiﬂw#@rrfeﬁtusesrsveawm vt 7Ye

hi gher con

miliSi errer?é“'B%dr'escerﬁ?F?%Y%Y Theeeehjantiedy” earenieodigsa a8 ueed G@ngn%{udes but
conduct i vi tsyhohinidad, to reONERE aitResi2PERL BERAEDE/OBRYIECdMbinant technologies as
known in the art. An “antibody” or “antibodies” can be of any origin including from

30 mammalian species such as human, non-human primate (e.g. human such as from
chimpanzee, baboon, rhesus or cynomolgus monkey), rodent (e.g. from mouse, rat, rabbit
or guinea pig), goat, bovine or horse species. The antibody herein is directed against an
"antigen" of interest. Preferably, the antigen is a biologically important polypeptide and
administration of the antibody to a mammal suffering from a disease or disorder can result

35 in a therapeutic benefit in that mammal. However, antibodies directed against non-
polypeptide antigens are also contemplated. Where the antigen is a polypeptide, it may be
a transmembrane molecule (e.g. receptor) or ligand such as a growth factor or cytokine.
Preferred molecular targets for antibodies encompassed by the present invention include
CD polypeptides such as CD3, CD4, CD8, CD19, CD20, CD22, CD34, CD38, CD40 and

40 CDA40-L; FcRN; OX40; members of the HER receptor family such as the EGF receptor,
HERZ2, HER3 or HER4 receptor; cell adhesion molecules such as LFA-1, Mac1, p150,95,
VLA-4, ICAM-1, VCAM and av/b3 integrin including either a or B subunits thereof (e.g.
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The conductivity of a solution may be altered by changing the concentration

of ions and/ or
concent ered
in order (u auincve LiIIc UTDl 1 U LULIUULLT VI L Y. Q11IC LTI Il Tl uaLc as uSed

herein, refers to a liquid conposition conprising the substance, (e.g. the
anti body fragnent or contam nant substamse) which was obtai ned subsequent
to the binding of said substance to a chromatography material and addition
of an elution buffer to dissociate the substance fromthe chronatography

gﬁﬁ :3][ : 213t | %P%Pgi% S”Q% <§81é%fr %rn'h%bﬁ% é’MtuB %)552 %ﬁq‘é&fokuﬂeé Qﬁ? %élc g%é;o rgﬁat o

Phe. el uat e LPB 181 28 01 CRRDRRE R ISBHIE Tsb &3 ep%
refers to 1$relledtudbe 3 (Thnot frd Jé‘{fﬁn@r%‘ﬁﬁhd‘ﬁﬁttobb? p, |9kt Blood grougrhe
t erm " f | onantigessdh2/fhS rapeptdrmbesitn (OB)eteerior mpérerqeqtﬂroCEle‘hﬁomlmemde &
conpri s$ ngetche substance, (e.g. the antibody fragment or contam nant

subst ance Whl h vvas obt.al d b SSj, xtur n
subst ance over! rarle o (oS FATEs 8% Fee BB e gges

over the nﬁ@'é@qsdlat% Q%‘BB@V ?f %I@Qi!gcosy'ated PrAton @fran antibedyraenerally thesedigher ei n,
refers to bindiag or sasablepeagidnatheneof. ifkpamgles ot ady dragoentsrindudey aay antdady one
ant i body fthagreRrs thaf oi Rdehe T puniicsh Bxamples glitantitodyefrgauiants @diutie @Bookder
subst angesryhi HaBYFRlHE 8FVPHESREs; MaBddiE<L Strisiddies! QbtrboaikB! Ehinib&iies:
suspensi Onéntub%El*é?%Hﬁs?@b%fs é’rﬂégy & 9%&@8 &R &%Fee%%ﬁ%uﬁ?@obl% o é}%%ﬁgam c

sol vent m Xt LBeS or ?1% f rrg in ures
or sol utiofd %d'??anys'%? 1°B@'Pé"£ FsecPuﬁpeeg" sUiEReHLC 8‘:‘?‘, TEhS T O
ant i bodi esMUHiSPREAEYariantg af ppy SEHE akayg| Thadear (ANESOMs [iBgmaRt’ 94 %'bogugars
| ipids, et ffagmamia" @s/wddmfelh@ﬁw@éerm eamelid\anitibedigs {§:pi feah cainglsiar damps

bi ol ogil!i:al sunhi g8 Namabpdieel)) rmnd slesivatags ¢raueof shhtivbdien frgmeaispeasvairknoivh imay
al so cont aihe £t gasliigereMdanisdnUsErh)| Vakdlslte@iniRBa=2E beBn HeePIBpSY Y RS

sol vent prgehRéoRr Qﬁ‘t?bod?ﬁsﬁéﬁﬁfah@% krfROA it B drd (@over and HIRBhFE B004).

per i bl astie Reh ! oSSRt bom 8 UP R NSNS limd SESL3L0 LI, COIBRSIL

bt df tié |
Chedi ot upPYBATERC | DSt s e At degaLLVE, POk Vot Teers 10T o ng
peripl ggm c SpicLient 'BOfidrPhaBEE heRld, r&ls RCA shisstdric@dmMadt, by ilts sresshcaNd may
al so cont a;aut%r UL 1Bl acﬂlao?alkghﬁ]a'iﬁ]%g{'beogcro‘e h@églgg it khangiy

Further Smﬁ«‘k)bﬁgeme Eoandeish, ﬁﬁn@ﬁ%mﬂﬁg Sl o T s Boge | °nlv%§?enove
i reagﬁntslg g?rgﬁr:ﬁla CaBP le of

| nsol ubl e RYPRMNEALS. Bufferedpplutipns for usg,with pio
"puri fi ed" meitainigg eoastgnioromsentidiion of Nydregsn iansrbuahuthat the rHzdf thengpletiopriat ei n
of i nt 2§ eswijthis agihysislogicalaratgd) dulgditiomabimdfieb ooy pdnemtpnivcitide, bnatvaret red lisited teances

such as HCBRganiPNAd Horgerld aterRidsemavasesor reduced. A "purification 35
step may be part of an overall purification process resulting in a

"honpgeneous" CH{FE%i thremate@iarity i &8s usetihe@in wfers tedhePrecess Rowpidi i on
conpr i si ngsubstamce wamtdsst ipEMmkPe insepactap boim étber subsiances mga trivdurgrast @i n of
i nterest, alstuebndifferéatas ihestss bihanicH 2@ ippvitiudl @sisiteisivd thelidRtupe Migrhessrougan 90

ppm | g§s b Radti SHArP A8 dil RSEhdeh e T URRE dresmol @i ePBRin bRwSaddant&0
ppm |ess %,Jg@gls ég ppm less than 30 ppm less than 20 ppm |ess 40than 10

ppm | ess than ppm or less than 3 ppm WD 2012/ 013682PCT/ EP2011/ 062837
15 The term "chromatography column" or “column” in connection with chromatography

as used herein, refers to a container, frequently in the form of a cylinder or a hollow pillar
which is filled with the chromatography matrix or resin. The chromatography matrix or resin

35 is the material which provides the physical and/or chemical properties that are employed
for purification.

The term "conductivity" as used herein, refers to the ability of an aqueous solution to
conduct an electric current between two electrodes. In solution, the current flows by ion
transport. Therefore, with an increasing amount of ions present in the aqueous solution,

40 the solution will have a higher conductivity. The unit of measurement for conductivity is
milliSiemens per centimeter (mS/cm), and can be measured using a conductivity meter.
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The term"ultrafiltration" as used herein refers to a pressure-driven

proces ' ’ s ' B ' " in of
intere ion
purpos... .. . - i croe w g vt g v e e per w —r —o BT WEEN

1 and 50 nm V\/mch |s between t he nean pore S|ze of 5 reverse osnosis and
mcrofiltration nmenbranes. The pore sizelds usually quantified by its
ability to retain proteins of certain nolecular weights and is normally
quoted in terms of a nominal nolecular weight cut off (NMACO in kDa.
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gi ven pr esﬁﬁr o Plp O SORATRRITLA & HleHan ARILALO BHCPRE A8 Sbf SBhe 10
sol ute. Thifs9 NRE! 86KI LY the $Ahtion Tayrke B'rte“,%’l intqrear EPrec@éb%F%? dasised t he
bases of sponsluglivitier ences. U trafiltration is frequently used in downstream

processyng forpp T fer el il &S Eé%} hQfin, %Fe%e[q le%p gcﬁnﬁdlﬂuoﬂeéo?%ptnsﬂ 'the

proteln purific
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t angent i al nialy e réfelrieti ad iMin rédgietHo)thavepabyhd pieifisalidi @scedse Feepangil€dha ot
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be puritied’in accor TaRce md'? the present invention can be
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Expression of the reconbinant protein in the E. coil host cells nmay also be
under t " " he

r econbi

pr onot ¢ |1
known in the art and depending on the pronoter; expression of the 10
reconbi nant protein can be induced by vatdying factors such as tenperature
or the concentration of a particular substance in the growh nmedi um
Exanpl es of inducible promoters include the E.coli lac, tac, and trc

promoters whi Cﬂmﬁa{ _'&?%Lﬁloﬁ 1.8 RGLASER tot%‘;% %?.I? fav%rﬁ&rx 'v@he'ré}ﬁt osé

I d
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t enper at ur eevdespasdenis.andhdcefiitratiercihembranes.reeqrdbe niaa s yeuatebuargitipd Bg s on | S
achi eved bybilith@o rdslh prA8in®bf @itaimebeetilat Weibhte adblid HoendliPqubted ucRimeBYa be
added by aﬂelmﬂl' rﬁw@i@&mﬁaﬂﬁéu f&uﬂ@fpﬁmwaﬂ) %kb@%lfr@( |f?ﬁrbhasteb9r'ate§3§%h?é§‘ @a‘%gdt he
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25 Support . ffce o At é%flut.'én |§ Lse§ r% 'oRJTi'ntrQJ ultBfirbESHORR E’B%ﬁe %Qt e' n.

h
(Dur ang? 0. <5aGuaritaton” 258 63 i hfgﬁeo "E%ww tﬁ‘B%‘?”“arSf'ﬂW rgfisry EHRTHE) aco

in any sui VBgERY H@r?f’&'it%e?re§ﬂ?fﬂat§§ ngt justA0dhe Pasisofsizes bytsizeendcha@épendi ng on
the scale of pfRAREhI“RRalRAEIN §8 usd@hd RIS réf@FQ&s@ﬁﬁél@ I SRR 8 safBle
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Fer nent at i deteorfing ualrm netimags thet arenfet knen lnrthaagi sw tabl e syst ern for

exanpl e conti nyous tch or bat ¢ de e and
the yi ol ds. 1 edh Pt sicta} neﬁhaffr&aatbﬁ% o i e s
nutrients BWBS?WdQP@é‘F'%” i P8 ProslyGed By cu rtr@r"r?éf felle|tianstormed ‘“ﬁato@ﬁ ¢ m%r e
may be useéxrinssiemeedtenstancedingribanrecembiaactantbedy feementduldei best sgells rase
maxi mups sppefdralgy grockwtybtia: a¢ls, preédraldpgrdnensgesivaibaetdriaiViong fdréferablyt theeimdss
initially psIRSEAE. édN dele Frenampiit 8bst@Bib R pro@in SRYrEssitdre @Rl kh@RTlinteghies
used to COE‘e‘ o 5018) 9TANM fbst alefls URET fe chRTDTRIN REHO Which RAPb &Ly erFé?tQapgt ch
mode may a eq?né%‘?e&j!%r@éfefh% %&’ech'o‘? %? it tc{]%ls ihen gﬁ&&ﬁ’ﬂ h%g‘n?f e E
coli host I }% T g gr

2012/ 01368550 TPERY 1?‘6/ 7! 2y 'be' el”f’e 8'i“r%fl¥ syitable fr, Gl Spnsinglydin

subj ec0 t ofre®l VEAT ST G H.ohe 3, HeH B Phade.detl brBldeikim Xb@ue r@@gtJ'\ﬂ;@gl s ﬁay be
col | ect ed exammple He saaql etrdiy \BBMIG i(AUGEt 20AZ5)f & canarndrtin used Pyost strain for
concent r at regbmbinantabieincieinagntatione. ArtbbadBagreritdiean alge bt ipastuasd by duliwginge f or

the | arge- gpafied ENsBistraing! fonBRAC k8o Rf maahts Rp Pictsaseldetidiatt 2D 88 diins.
quality. 5In one enbodi nent the process according to theldgr esent invention

conprises pri ofn teptikasy feagimenh thek caamger usified maaesgrdgpng wWithghemeetkadspofdhet ep
of cens§i f pgaentamvenfiorcisltypically faume ihaitvershe péridlasoweitthb\E. ok pesiselbar ofthé he
host cel | shéyt @ldidiuen soperhitente xdepasdihg® BnbHES Bditure of the protein, the scale of
production and the E. coli strain used. The methods for targeting proteins to these
compartments are well known in the art (Makrides, 1996). Examples of suitable signal
sequences to direct proteins to the periplasm of E. coli include the E. coli PhoA, OmpA,
40 OmpT, LamB and OmpF signal sequences. Proteins may be targeted to the supematant
by relying on the natural secretory pathways or by the induction of limited leakage of the
outer membrane to cause protein secretion examples of which are the use of the pelB
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For E. coli fernmentation processes wherein the protein of |nterest such as

an ant i - _ £ . - - B — r R —— H - a - -t -1 - - - - _ = = = - r s - - — a4 el | I t
IS reqt se may
be achieveu vy any suitaur e neciiuu sucit as verl 1ysis vy necndin var Or

pressure treatnent, freeze-thaw treatnment, osnotic shock, extraction agents
or heat treatnent. Such extraction nethofs for protein release are well
known in the art. In a preferred enbodi nrent an extraction buffer is added
to the sanple and the 15 sanple is then subjected to a heat treatnent

Zt ‘6325 ggg f%%%r%@?fr&%ﬂh Kegcﬁ’er‘ %hQrc%f% ?&E%naéf 35 %Fld)é?r‘?drelggséj ré‘t'eln e U

SS ?e of
Sl Ubl e, mﬂ?@&m' R I R g
the renovafulyre Hleiqéﬁm 3Rt it Go-ereeatiany ohdfiseki gene ﬁ{é“ﬁ@%ﬁa”? rpéﬂf“ﬁaé’r'ﬂza%‘irbp i's
per f or med Wpstsprbjeeatty, fiythetaetedpdfehe ivantiies theegcemipantadioteinOs exprpesedtiar e.
Most pref ethelpeyiplatreaf therheat Fremoti. step is performed within the range of 30C

to 70C. The tepperature can be sel ected desir end .on, t he

Soabi 1ty of t PPEAE A P BRT a0 e 1 ok NG AaTS BAYAHP RENot e

t enper at ur 8Nt @f amjinducty Flé&‘@@ ey thesexpressiopr &t tae egoynhipanhiantinad if ange

40C t o 60CE. emdrie uptesfiler editrpl ofi anhinducitiee prosnotse. MBIy iNduGDE praavaters rsoitable for

pref er abl yusd inh. reoti Bee walhgeownOR theoaf @haadpenaiiiy gtk erahbtyr; @kpre@sborbbGhé 0

60C, 58C t pcBRbinght pRtein HAHShe tiftficEd Hy |F1 FRgbat bﬁ&saﬁrtgmgé}gturé%@ e 40C

and the ma H&mrétf%ﬂpcg gtpléﬁﬁﬁlapggost%g At owth me |unle etsr BaﬁcﬂéleSt ep
i

Is prefera e rio

heat treatﬂf@ oigts Insfde iS50l 56 e d'*%ﬁﬁ&f%%%ﬂ%aredﬂ”?%' ?M%f g or

bet ween 4 H¥d"aB W%ﬂ\‘z@ eel?é SeAN&logr PRIRID HethiReaactePyrersids HBLES aﬁﬂd
nmost pr ef eﬂ‘&tﬂhpAbﬁle@ﬁraE@@ REMetris Mpichce Ndgeedhleyr plasihate, WyRdophaniandrls, f or
exanpl €5 12atabimose rédpastjivelyh Expriessionumalyi beeinfiogedhiatfont e>eaiphertbe iagdifion 2f en 3
hours and thaecéresrideiange iR mpstatiife #hehOinbSction is tempdratirdaspdn@gh@Where

embodi ment rndh&%n@%c&rﬁlﬁ@éﬁ%%telh%x PefsE.‘ah hegeridveady the 28460l Qiranlﬂdlt.lébrjt@

hours, and, e@g R gfqgfﬁ@ er% ef g d]b%déﬁ) %a.tmgf@em%)aedejo@ng\n ohtihe
sampl e i ' GHISHFH S8 it 6 SRS, Dyrs O BE A ObRItHTS o

producéd. by a gradug| @M%@fﬂ%cw@@uaﬂa adeed dcovill B appreciHied: thatdhersmiadi B Aag t he
pr ot ei n of dé¢lay betegen thecldddinn ahthe rsidgerfanddine attuatindulbionsafipraein edpressien Brep of
cent ri f ugagxamplamiheds tHe ihtili@iriiORacise Aheremiynee ataemydiefod)itididtiog of p@tgdd. WO

2012/ 0136 8iprddffR2ittdis A8 Ay pR-Stin§Earbolr8urce halizdaivatte meeeEfical ly to
VEGF- A, glycoprotein IIb/llla receptor, C5 HER2/neu, TNFa, |1L16, CD4O L,

0X40 or ! COS. E. coli hgst @eﬂ)ﬁéﬂté???r é'ér”@&?ﬁﬁi'@hifr)emﬁwbﬁ QUH@reFIHOéWVIWWhéh?ir\M&eSS
accor defhg suppartyhefrowmtreofefrivot ane rkwesHdiorn dfehd recembmants@oteimd Ths pediunofay he
i nvention bsapeeHepiicand deiiddd rigdilm lsa&aLe.g. described in (Durany O, 2004).

Culturing of the E. coli host cells can take place in any suitable container such as a
shake flask or a fermenter depending on the scale of production required. Various large
scale fermenters are available with a capacity of more than 1,000 liters up to about

30 100,000 liters. Preferably, fermenters of 1,000 to 50,000 liters are used, more preferably
1,000 to 10,000 or 12,000 liters. Smaller scale fermenters may also be used with a
capacity of between 0.5 and 1,000 liters.

Fermentation of E. coli may be performed in any suitable system, for example

continuous, batch or fed-batch mode depending on the protein and the yields required.

35 Batch mode may be used with shot additions of nutrients or inducers where required.

Alternatively, a fed-batch culture may be used and the cultures grown in batch mode pre-

induction at the maximum specific growth rate that can be sustained using the nutrients

initially present in the fermenter and one or more nutrient feed regimes used to control the

growth rate until fermentation is complete. Fed-batch mode may also be used pre-

40 induction to control the metabolism of the E. coli host cells and to allow higher cell
densities to be reached.
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5 cell extract conprising an anti body fragment which is an anti body
fragrrent havi nn enecificityvy for hiimaAan TNFaA mre nrefearahl v CNDPR7N  A[g

descri b ei n by
rEf er enbc/ . [ | a uvVlIT CliIyuUul 11ciiL LI1IT alie 1 uuu_y 11 CIUIICIIL rnavi IIU
specificity for human TNFa, conprises a heavy chain wherein the variable
domai n conprises a CDR having the 10 seqifence shown in SEQ ID NO 1 for
CDRH1, the sequence shown in SEQ ID NO 2 for CDRH2 or the sequence shown in
SEQ I D NO 3 for CDRHS. In one enbodi ment the anti body fragnment

gggﬁ;higssﬁg%lfﬂé‘é’gégth%%%ﬁé&H SERE ttbQ:o foh Hohthé fJn%nt%ngEERfD

NG for ChRLBo R b&ﬁ? getRe oD 5ﬁm%%as%?P§BH%te°%3“ sianer
havi ng thec%rlé’ﬁ[]té‘ﬁto@ WHRAREYIE E@?t §rfithe grveetipare supab §éﬂ’d@ﬁ@ég§ﬁ6§{ﬁ in
SEQ | D NO. degirial opRHfactire phantibediescefdeergpriia quﬂlthEQ ID NO. 3 for CDRH3 and

o SEQa’%“ ng thﬁ] o%%%@%ﬁ@e%?%‘é@r&&s§§%or@n tﬁe L% 4-. %%‘?%ésggsp 1)_Shown

20l n one e SR RYchanae 8WPFB [ Fﬁ]’a? R s*@B ?‘?%8 %@ffe SHUEDRHL,
SEQ | D NO harves follgurdby SSE@HSDHN@@ *TOéTf C@i@mdd'mﬂthﬁ Rwa&t'%buf@ml_l SEQ

I'D NG S for CEB&TEB%@QI/ %thgtlgp %é 9:5 CWﬁlel%m the protelﬂ_hcﬂ |ﬂ% ésl?%x iagﬁmnt

var Pae o aanibof o e B e ot Rl g L vl Ow%ét hean

donor tHRrsthe lf’rOte'”FfFOé‘iI g}ea*!ﬂsilce"t fhae éﬂ?#sﬁdﬂi‘fy s aeieMed RyGHprsuiale medhadsy

chai n vari aprell lggRy MmeChPFza of BEISHB tl‘@tm?ntaﬁﬁel%féaWé@@Vn%ﬁeﬁﬁinlarsha%ﬂ e
domai n CDP&xttac(iGSEaydnds Bihed) treatment.|Suchex{raaioa mietobdshfat priokedn sefddsle ey well
fragnment igncwnRehdared Fab fragnment wherein the nodification is the
addition to the Ctermnal end of its heavy chain one or nore amno 30

acids to al | owntherefetret RMPAEIMSNt R xtrpetionobufiss i apdrd & thepsaserie @nd the
Pr ef er &bl ysample isathen tsulbjaeted dvd eataicdatiwerfitcaten. al mobiget itredtntent gteprie gredarably
cont ai ni ngavoescabed WaletySh BBrE655c8860TIe hent WBhiRtent ftep efdkesit possible tosghbidih er
nol ecul e NBYaRBIeaflsBkBRIcorrdts FddPEHd ARdmbRia drtiB&dERAg rﬁérﬁfb?rféé?ﬁté{ud@atﬁea
heavy chai thn‘r\o‘?/gﬁéf oﬂe’?gnﬂfodg%ﬁﬂea%d{’&uaﬁ)f t he sequence given as SEQ I'D NO 10
ght ¢

and the i ain co ing or consisting of the sequence given as SEQ

| D 35NC. 9. Thd Imedt treathmnt stap cthenermead bhsubjrcticg he saoptr tdiandesired aleyated t he
enbodi pgnt fencp‘eréum@ f1bstSireforabREREN treaRBE tePlis pdtRriby &hih @k dafigder soocned

W th abci xiygRl.rne @é?ﬁﬁ;hérétuf@&n HRE h T AP sirEPBAS thay Hepshd P Mé-stdEfky) bi tRe at i on

VO 2012/ Olg’t?t%%g%r% a@cjaglé O§g§§&her embodiment, the temperature is within the range 40°C

to 65°C, or preferably within the range 40°C to 60°C, more preferably within the range
45°C to 60°C, even more preferably within the range 50°C to 60°Cand most preferably at

25 55°C to 60°C, 58°C to 60°C or 59°C. Thus, the minimum temperatures are 30°C, 35°C or
40°C and the maximum temperatures 60°C, 65°C or 70°C.

The heat treatment step is preferably carried out for a prolonged period of time. The

length of heat treatment is preferably between 1 and 24 hours, more preferably between 4

and 18 hours, even more preferably between 6 and 16 hours and most preferably between

30 10 and 14 hours or between 10 and 12 hours, for example 12 hours. Thus, the minimum
time for heat treatment is 1, 2 or 3 hours and the maximum is 20, 22 or 24 hours.

In a particular embodiment, the heat treatment is performed at 50°C to 60°C for 10 to
16 hours, and more preferably at 59°C for 10 to 12 hours. One skilled in the art will
understand that temperatures and time can be selected as suits the sample in question

35 and the characteristics of the antibody being produced.

Following the step of extraction the mixture containing the protein of interest such an
antibody fragment may be subjected to a step of centrifugation and/or filtration prior to the
step of adjusting the pH.

In further embodiments the process according to any of the embodiments of the first
40 or second aspect of the invention is performed with an antibody fragment, for example a


lcc
Rectangle


19 In further enbodi nents of the invention the cation exchange

chr omat oar anhv coluum for the nrinmarv cantiure sten is eaunilibrated with an
ani oni d
conduc |

| actate at pH 4.0. The equilibration can be achieved using at |east 2
colum 5 volunes of the equilibration bi&fer, but may al so include a two
step equilibration process with two colum vol unes of a buffer containing 1
M NaCl (to ensure the columm is adequately charged with the rel evant

counter cag s J(?Jaloowﬁ BMd?tsple %C@éém d&\%&ﬁs Teif? G [E ¢ E&wt&' Rzt 1 on
buf f o
cﬁro(ranrat ogrg%hl?}@ &rrgﬂ ﬁ?lreiéé 85&5{8/ Pf)lma?ograpﬁgl g?egxfs equi li brated

in the same wam eﬁ?SK‘e@eFﬂ'ed &abodiRRneauihkiifrertiof NhOYidiss iagcoddary toyand draké oni ¢
buffer e.genBQuif¥hitr di$hd ikt &t seRbhBalhet oBe TMVeRIiGHTisi poribirhe AitR blripiSsmid he
Zgﬁ: lei/egdab&g' eRfack hc%n%%ﬂ& aer?(% %f? rﬁéﬁ?tvﬁ%@@%ncgtﬂ% %Pa@m%b??\a i

NaCl (to MRS 15 nWERR, W?smar& S 2 DB R F At g 1 v
ani on) f ol PYURMS B&/W*ﬁ'ﬁ'earfi‘.wﬁqr?tﬁ? Q?re!ﬂioydﬁﬁ@rce) or a single step directly

W th the equilj, b% %Baoéh%ﬁh%&ﬁ -thd a3 fragment hla()lnélg Eaﬁ&t@ qajfhgﬁ“r‘ NFPf the

i nventi on after i on ,ex E] Tl thet he

[ ent 01 B11 e 20,0, L Gae ol e SHRE EpceltEL gt
equi | i %ﬁ’ at ?"cﬂ#‘eB%ﬁ phawn IR QR ilg MR- 1ifepaPREY. Wﬁfeﬂ%e"rcér?&%a iy EESIthYOC2 Rash
buf f er wi t @DROR diithghsaqueraediiewnin $5Q 1B NE:3 (erDfftn or hi gher conducti vity.

In further embadigents. ofcbhe LAYENkion AL bl ﬁépg' 89 Lﬂsv.ﬁgurﬁ)&s éju%négge
g ot Bk SIS IR S ke ﬁ\?%aff‘? fdpe

buf fers wi $¢fUsneR shawndrSERDPNA§ It FRRES nay aI so be used. Buffers with a
B:ggggg?g?gfg‘ Vc?r{eyer%@dn%ﬁt th %ﬁﬂﬁ@dﬁ'%én %gkgﬁsé@éb rﬂa'i/ gq é"seéﬂjenEQe
ebodi ment St P i e T i nf?a’é%mn sralPdg pRrRer
cation excH&§auetesraradt Sphy (N)‘P&rfﬂr HRENEGLRS Rrving e seauanep sivhg

buffer ei t'tme$E@tlDd\lqa|4gﬂ@é|CE1ﬂ4L1 éhﬁﬁg%@m@cﬁhém/@tm\ﬁﬁ@|%N%5d®hﬁpﬁéﬁ|%ﬁh®f the
two. The |sm3rueasaashomﬁ§10n66m0dﬂ®'6lfomlhlaltﬁ be achieved with the addition of

NaCl or ot her salt ration buffer
gr eat e? than 58 it’ne% tfﬁgh’teﬁhﬁ’u”i@ﬁeﬁ%kgﬂ@c'\g@gﬁ t'én%"%grabl y
greater thghN @0@ fﬂﬂ\ﬁ H2 SEQ ﬁH@rrC@ﬁ’dédv?'ﬁ@dPsN%ﬁ fereDRhl:etR®

el uti on of for B@RAAtand GdR2 DI&@rﬁe‘ntCDRbﬁn t he ani on exchange chronmat ography

| h d d
vash st ops. "R SRGESUELAY BRRVAR) Bt LS R ol R,
buffer ei tW@fca Y the yasigele ¢ ‘P—Wa'ﬁlC@’W'%%HHW@PIe\?F?@ltobfra@eWB%reﬁé)tnis(ﬁ? dTO”bot h
| deal | 95 t heman donar Cétisducti vity should be at |east 70 nS/ cm

Preferably, the antibody fragment comprises the light chain variable domain CDP870
(SEQ ID NO:7) and the heavy chain variable domain CDP870 (SEQ ID NO:8).

It is preferred that the antibody fragment is a modified Fab fragment wherein the
modification is the addition to the C-terminal end of its heavy chain one or more amino
30 acids to allow the attachment of an effector or reporter molecule. Preferably, the additional
amino acids form a modified hinge region containing one or two cysteine residue to which
the effector or reporter molecule may be attached. Such a modified Fab fragment
preferably has a heavy chain comprising or consisting of the sequence given as SEQ ID
NO:10 and the light chain comprising or consisting of the sequence given as SEQ ID

35 NO:9.

In further embodiments the process according to any of the embodiments of the first
or second aspect of the invention is performed with abciximab, ranibizumab, pexelizumab,
CDP484, or CDP7657.

Equilibration
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WO 2012/ 013682PCT/ EP2011/ 062837 20 Havi ng now fully described this

i nvent f AN i s 11 IhAa AannrAanil At Ad Ky thaceAa Al L AAd T n + A At + hAat + lf\r\’ sane
can be
CONCENL. it ciie v v o s wrne e e e et e o .ope

of the invention and without undue experlnentatlon “Wiile this invention
has been described in connection 5 wthSpecific enbodinents thereof, it
will be understood that it is capable of further nodifications. This
application is intended to cover any variations, uses or adaptations of the

invention fol llﬂ‘c’;ﬂjr'ﬂ%r ehBo§ ﬁ{saclft e.ﬂ&‘enﬂ&ﬁ {h%' ligs %aﬁg{;é cHrOMED r‘a Slnn

|nclud|ng u e ur.es Known
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rray be app ‘Héed af hregrrguitdgdhandfondastivity e exaien'e PR Y sPdudacerd #hP 8197 ows

i n the scop@mdt sadiwm igsipseaicnt ¢.0alhasequilibratiopsan be gchievegiusing agfeast2 calwmn may

nmean ong ovolomee of fhe@quiikratibn bufert ieutmmayoal8o melude ra twe sdeyedqdildrativarprécessl/ or "

unl ess expitgitivb olunsh catestdd & @fueer Eenhtaintrly NRIt NXEB(t6Rngu Y thiehddlumn is
al ternati Vs&o@%%lwwr@'ehxmﬁ%me%!éo%nt abiherghy &H)Eforﬂdﬁ&d 9?%( R a3VPRBIUmn @

def|n|t|on ternatives and "and " As used her ei n
"anot her" W%y%%%gﬁﬁg aTHQaFQéxggtond or 15nore. As used herein, "between X

and Y' nay mealn farttiedegotinzintshf g iXveanidn Yhe anion e)&hhngeeérﬁdsmaw@@pw tadahn
her ei nyg i nef ihdi Btdn@EhRsHhatBglabRY SRpOE &RAFASS $n thRUBAWERRS akcdp i thehed
Us. or f Oécgjul%?at%tb%%r @Pci?s'a’llfétcéﬁﬁ?wc lBlﬁéP‘é‘ P ‘?ﬁs f—l@f St' BBaotr%trrﬁ\/I ‘B[ any

other refe herel n, 1nc

n L re C
o 1t . CTIHIELat g, dbe Sileralisy BEiRe ShER siadice dnvoticioptby Pamd gﬁ%es
Addi t i onal P'§° be REhigyad Ursé‘gc"btﬁ"toéﬁ%e%*ﬂ“bfaﬁ'@” PETCEF Yt Bufter carfaining i W Nagd (to
r ef er enceseniurethetnoiusimis adequgtely carged with thenetevpaircauelgr Byion)dpiawaddy. the
Ref erente equillonation buiéhoda sihglp Stepaiinevtynwithathe kequiidiratimsbutfeeps, known net hods
or conventiona g@thods s not any way an admi ssion that any aspect,
description or odi nent of the present invention is disclosed, taught

or suggested i fubdef QIR eld of thA0NEOAR4 D136 2B5di h&RRQléAtﬂﬁZ&&%a’n’ée
EXAMPLES Eéf?rHRLa%gljaphy column for the primary step, it is washed with at least 2 column volumes
of the equilibration buffer. Additional impurity may be removed by using a wash buffer with

20 a higher conductivity, e.g. 0.5 mScm or higher conductivity.

In further embodiments of the invention after loading the anion exchange
chromatography column for the second chromatography step, the column is washed with
up to 2 column volumes of the equilibration buffer. Other buffers with similar pH and
conductivity may also be used. Buffers with a higher conductivity are not recommended if

25 the maximum removal of the process-related impurities is desired.

Elution

In further embodiments of the invention the antibody fragment is eluted from the
cation exchange chromatography column in the primary capture step using a buffer either
at a higher pH, a higher conductivity or a combination of the two. The increased

30 conductivity can be achieved with the addition of NaCl (or other salt) to the equilibration
buffer at a concentration of greater than 50 mM, preferably greater than 100 mM and even
more preferably greater than 200 mM.

In further embodiments of the invention the elution of the antibody fragment from the
anion exchange chromatography column in the second chromatography step occurs
35 during the loading and wash steps. The bound process-related impurities can be eluted by
using a buffer either at a lower pH, higher conductivity or a combination of both. Ideally,
the higher conductivity should be at least 70 mS/cm.
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Cel | S ~t A AAanAAnt rAati Al AF 1 0O ~11 ThAa haAat AvAal ArnATie ArAat Al v e v Al "ased
fromt
Tris-E rough

centrifugation and the cell extract containing the heterol ogous protein was
adj usted through addition of acetic aci®&o a pH 4.5. The pH adjusted cell

extract was then clarified using a conbination of centrifugation and depth
filtration with 0.2 pmfiltration. 10The clarified extract (feed stream
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Fab' per liter_of resi ani on _exchange col um had,a col um
bed hoi ght of BEERCRIT FaMnSiaBe SiEPocopvering HRBOLOF AR KA Blfpas or
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VWO 2012/013682PCT/ EP2011/ 062837 22 The coI urm was t hen washed with 5
colum ' - ommeTs Teb
Col | ect at

280 nl“ CAVLCLULU Ve VW Ul OV Ly “uir L vl LIIv OL UL w1 LI 1 vnul 11y [N end

of the fraction collection 5occurred during the wash when the UV absorbance
dropped below 0.5 AU cm The yield for tde anti body fragnent on this step
was 90.5% Exanple 2 CDP870 Fab' was expressed as a heterol ogous protein
in E. coli host cells at a 10 concentration of 1.9 g/L. The heterol ogous
protein was rel eased fromthe periplasmc space of the host cells by the
addi ti on oEXAMPLEDTA and heat treatenent at 50C. Cellular material was
renoved through centrifugation and the cell extract containing the

het er ol ogoggappiétiei n was adj usted through addition of acetic acid to a pH

4.5. The pH adeE%ﬁPFa ewa_sLEfqng?sCetd av.é,laashetteh?ﬁg lhsggrl){ellr}(alglé{]%ol{\ﬂ/?:%&%n? Q%t I on of

centrifugati on’an rati
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wi t h wat er SRase ¢ Hechast eelle dydir addifianyof giris E05 Avgichgat treatemprteatidfe@ Geliutaam
cont ai ni ngmatezialCORB7 PeRabed Wasugherntrdadatiorn endibbeiceb lexpldct restaning thef | ow
rate of 30Reterdidyo0sbotéin GRR! fujdstedttirolgexediidtoss aelitiabidftoaimp BE. 3iemiet fiear e
20 [ highly,guoag cki BiRstt Wag'tﬂe@gl%Flfﬂeccﬁugﬁ@g doMRAMRLBAR Ok lcerlmtﬁfu@!at%ﬁ Y pthWi th

a sul phona t I gand attached via a dextran |linker (ionic
capacity Oﬁlﬁiﬁﬁ% EW%PM)] The Capto S cation exchange colum had a

col um1ided hei Tid clarffuea(éxtrmt\cﬂebdm stedhh)anas diluteafwithba ditatior Feetor @f 4 nith vaderieen

equi | i br at gghiguel DEonbiactivdeer 38 kiddm| oading with 3 col um vol unes of 50 nM
sodium acetate / 1 M NaCl buffer adjusted to pH 4.5 with 25acetic acid and

subsequent | y 4Theoleastrean gaigintg tB@CWBZ%H?@M%dé@fatoéd%fof@OUh@ gstresint o pH
4.5 with astesflowaae df 400 cm/hAfrter Capials ocatine exadlangs colasinvimsh &8 hidalthcade

col um vol mighsy @bsdiimredAgialdys@eé beatERiaatpartiR Jifs o sitresl siilphdndtedcdtiom t h
aceti cq&Ci QxchHHéé ||ga¥ntleaﬂ%£:ilmedt e aucﬁ@ﬁHﬁ‘qnl@?t(%ﬁl'c%a h&tyvesned of fmol 8"/ 870

Fab' fract ponclg % ok ol %a@nmg@ @ht%ffﬁ)gléwvﬁ fr gl 50

vl d
ol uted &a%? B g ey m%r?tﬁipwta e ik ogeing agh &, flyBR e ded

0.5 AU cm Yoigmes ?ft5°dFMpﬁ9€tH'”b%ﬂeéﬂ}\? pufter gdjugier to pH 4.5 with acetic acid.
After loading the column was washed with 5 column volumes of the 50 mM sodium
20 acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with a 20 column volumes gradient up
to a concentration of 50 mM sodium acetate and 250 mM NaCl adjusted to pH 4.5 with
acetic acid. The eluted CDP870 Fab’ was collected when the UV absorbance at 280 nm
exceeded 0.26 AU/cm until it dropped below 0.54 AU/cm.

25 The CDP870 Fab’ pool was subjected to ultrafiltration in a centrifugal concentrator
using a polyether sulphone-based ultrafiltration membrane with a nominal molecular
weight cut-off of 10 kDa resulting in a concentration of the CDP870 Fab’ pool to 6 mg/mL.
Subsequently diafiltration was performed until the CDP870 Fab’ pool in 20 mM Tris had
reached pH 8.0 and a conductivity of 1.1 mS/cm. 6 volumes of buffer were required for the

30 dialfiltration.

The CDP870 Fab’ pool was loaded onto a Capto Q™ anion exchange
chromatography column from GE Healthcare [highly cross-linked rigid agarose bead
(mean particle size 90 um) with a quaternary amine anion exchange ligand attached via a
dextran linker (ionic capacity 0.16 — 0.22 mmol Cl/ml)] at a flow rate of 500 cm/h and

35 applying about 5g of CDP870 Fab’ per liter of resin. The Capto Q™ anion exchange
column had a column bed height of 10 cm with a diameter of 7.7 mm. The column had
been equilibrated prior to the anion exchange chromatography step with 3 column volumes
of 20 mM Tris / 1M NaCl buffer adjusted to pH 8.0 with hydrochloric acid and 5 column
volumes 20 mM Tris buffer adjusted to pH 8.0 with hydrochloric acid.


lcc
Rectangle


The CDP87O Fab pool was subjected to ultrafiltration in a centrifugal
concent - e
menbr ar yin
a conce

diafiltration was perfornmed until the CDP870 Fab' pool in 20 mM Tris had
reached pH 8.3 and a conductivity of 1.®2n65/cm 6 volunes of buffer were
required for the dialfiltration. W) 2012/013682PCT/ EP2011/062837 23

The CDP870 Fab' pool was Ioaded onto a Capto Q ani on exchange
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acid and 5 colum volunes 20 MM Tris buffer adjusted to pH 8.3 with
hydrochloric acid. 10The colum was then washed with 5 colum vol unes of
equilibratE @ ffer to recover the CDP870 Fab’ Col l ection of the

CDP870 Fab' st.arted when sorbance. at 280 n eded 0.5
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2.0 AU cm spaseptiephast gells by the agyonoofH4is ERletsanskiras saigmast 2t 39et erellutsgous
protei n i nmatertalwahostowesd thsoagh aeouifsgatisrabndthetel extgtt coMtagning the

het er ol ogoHste &Y protem wa £86Q6d tHrotgH SeifkaT bPaasiBiaeicPas pHAf 5.tTe frest

cell's by tQéﬁu?{@Q'o’b!l QQtré’Jt whisitRerELI Ariengki ﬁ@ékoh‘bﬁf&h@%f‘&erﬂﬁfué@t@n &Rl ddpuar 20
nmaterial ?ralroer\rW% rppgh,centrifugation and the cell extract containing

t he het er\gﬁo ous O%E was adj usted through addition of acetic acid to a
pH 4.5. The pHrianIq:lamtedcéxtreétl(feeatErr@mh) wassdilubeginwith aadiiutioe thetts iong with eaitdritcat i on

of centrlfggﬁéue%@agctggpbmgh{g/érﬂtl on with 0.2 pmfiltration.
The clarified extract (feed stream) was diluted with a dilution factor of 4

with water to Tixsfegdipirears cantaipingdbe ClAPBYO0 bab'avay they teafled to abowha! glbgesit r eam
cont ai ni ngat héo €@/ FoAlxm/vastd s Saptoccd daiibrt exchboge c@@0mg/ffilont 88 Headthcage f | ow
rate opo 40fhighnd drosiinRed ri§idRiaroSe b8dd @rta@paRtRRORzeCl Wit & BulFiondeaddibe ar e
[highly cregsahdKeshnbi gahtdcr?eqjarme bepdiddTemkePalibli€! BaptichE B8A1PM ghih a
gg:oggftngt 8 M;Eﬁ 'Ngg g 9&0 Q%Qﬂ Eif? e&L Y’hrfh?%ge%wn?rpbéd ﬂégﬁt & éﬁ‘h

had a col U At CIP M2 ARl LRy ysls b peenas el
been equi | WBf atcewmrw%met%?fﬁ@@a\/' §P91eRRCPGIE hlY NaG! hutterasiiusiad to pHuhewitdf 50
MM sod2um aesticacd gndisuseqenthyod £élemn adjumss ofl 50 b Bpdiud agetate bufter adjusiedl d and

subsequent toypHl4 Satlitiraeetioadidres of 50 nM sodi um acetate buffer adjusted to pH

4.5 with acetic,_acid.
After loading the column was washed with 6 column volumes of the 50 mM sodium

acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with up to 8 column volumes of buffer

30  with 50 mM sodium acetate and 200 mM NaCl adjusted to pH 4.5 with acetic acid. The
eluted CDP870 Fab’ was collected when the UV absorbance at 280 nm exceeded
0.5 AU/cm until it dropped below 0.5 AU/cm.

The CDP870 Fab’ pool was subjected to ultrafiltration in a centrifugal concentrator

(Amicon) using a polyether sulphone-based ultrafiltration membrane with a nominal

35 molecular weight cut-off of 10 kD resulting in a concentration of the CDP870 Fab’ pool to

18 mg/mL. Subsequently diafiltration was performed until the CDP870 Fab’ pool in 20 mM

Tris had reached pH 8.3 and a conductivity of 1.0 mS/cm. 6 volumes of buffer were
required for the dialfiltration.
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35After | oading the colum was washed with 6 colum vol unes of the 50 nmM
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with up 0 mM

NaCl adjusted to pH 4.5 with acetic acid. The WO

2012/ 013682PCT/ EP2011/ 062837 24 el uted CGP870 Fab' was coll ected when the
UV absorbance at 280 nm exceeded 1.75 AU cmuntil it dropped bel ow 0. 55
AU cm The The CDP870 Fab' was subjected to uItrafiItration in

tangenti al e“@ﬂﬁs Qol %%%%M‘& Ello@jmﬁ\gn 9nrl6‘f‘n£i1{6 g
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buf f er usegeigt shasknanivh & AEMIEMY 7F7a|4am frre@v e HePeereqdiidraRd@ABBEANEab’
pool was | Qﬁgﬁgx%‘i@e %hm%ﬁﬁ(ﬂ OF wRX BN8d1G%n G BILATER A LOFMIYT 0! &k om GE
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Fiﬁ):k\zmr f;: g;{%ﬁ%%&[fteﬁrtggﬁ 840 @Ho%l%é‘&?‘é 93¢ 5 c%F“Einn[ {Bried 50 &Mgﬁs dé& fago

r hange 11 g
g? Vg}hq‘@drocbloﬁeza CI / ml)] at a flowrate of 200 cmh

and appg yi ng aﬁ@%ol@%n%éﬁ tl'gapﬁlzgwe'aa%th BEEollihh SloluPhes! SfSE(?‘uilibTQﬁ)nC@tHFeQ to
Qrl vl ani on %égg} ?ﬁ shad a colum bed 15 height of 24 cmwith a
e co

di anet er urm had been equilibrated prior to the anion
exchange chr on@blmynapbfythemPammHaberamlbu started wheashe JV2bsotdahce st 2801rivh NaCl

buf f er adj ugdeeded @ 5Rld/Em Bhaviy Bitdriee eaR lopthieGoirigd TARE nd ot HERtoVGolidBEsn 20 MM
Tris buff eBcc%%H%h% the wRkh &hen Wetly Qb(é?)rrt%'&é QdeBe@‘Sélg\N 2.0 AU/em. The col um

was then washed wth 5 colum volunmes of equilibration buffer to 20recover
the CDP870 Fab'.. Col l ection of the CDP870 Fab' fraction started when
the UV absorbance at 280 nm exceeded 0.5 AU cm shortly after the start of

t he | oadi ngyanthe 3end of the fraction coI | ection occurred during the wash
abegk

when the Q%q%gb’dvﬁlgsp Q)‘(apdresbseéldogg a2 ‘hetero |‘f{)gous pErételr;rmpljn E. 4col/ host cells at a

concentration of 2.5 g/L. The heterologous protein was released from the periplasmic
space of the host cells by the addition of Tris-EDTA and heat treatement at 50°C. Cellular

20 material was removed through centrifugation and the cell extract containing the
heterologous protein was adjusted through addition of acetic acid to a pH 4.5. The pH
adjusted cell extract was then clarified using a combination of centrifugation and depth
filtration with 0.2 pm filtration.

The clarified extract (feed stream) was diluted with a dilution factor of 4 with water to
25 achieve a conductivity of 4.0 mS/cm.

The feed stream containing the CDP870 Fab’ was then loaded to about 60 g/L resin
at a flow rate of 400 cm/h onto a Capto S cation exchange column from GE Healthcare
[highly cross-linked rigid agarose bead (mean particle size 90 um) with a sulphonate cation
exchange ligand attached via a dextran linker (ionic capacity 0.11 - 0.14

30  mmol Na'/ml)].The Capto S cation exchange column had a column bed height of 24 cm
with a diameter of 20 cm. The column had been equilibrated prior to feed stream loading
with 3 column volumes of 50 mM sodium acetate / 1 M NaCl buffer adjusted to pH 4.5 with
acetic acid and subsequently 4 column volumes of 50 mM sodium acetate buffer adjusted
to pH 4.5 with acetic acid.

35 After loading the column was washed with 6 column volumes of the 50 mM sodium
acetate buffer adjusted to pH 4.5 with acetic acid, until the all the unbound material is
washed off. The CDP870 Fab’ fraction was eluted with up to 5 column volumes of buffer
with 50 mM sodium acetate and 250 mM NaCl adjusted to pH 4.5 with acetic acid. The


lcc
Rectangle


25 WD 2012/ 013682PCT/ EP2011/ 062837 25 Reference Li st Battershby, J. E.,

Snede« J1).
Af fini
recomnt J

Chromatogr A 927, 61-76. Do, T., Ho, F., Heidecker,B., Wtte, K., Chang, L.,
and Lerner,L. (2008). A rapid nethod for24det erm ni ng dynam ¢ bi ndi ng
capacity of resins for the purification of proteins. Protein Expr. Purif.
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Bi ot echnol
was pH 8. 5 and the conductivity was 0.8 mS/cm. The Fab’ was recovered from the

ultrafiltration equipment and pooled with 600 mL of 20 mM Tris pH 8.5 buffer used to wash
any remaining Fab’ from the system.

10 The CDP870 Fab’ pool was loaded onto a Capto Q anion exchange chromatography
column from GE Healthcare [highly cross-linked rigid agarose bead (mean particle size
90 um) with a quaternary amine anion exchange ligand attached via a dextran linker (ionic
capacity 0.16 — 0.22 mmol CI/ml)] at a flow rate of 200 cm/h and applying about 37 g of
CDP870 Fab’ per liter of resin. The Capto Q™ anion exchange column had a column bed

15  height of 24 cm with a diameter of 20 cm. The column had been equilibrated prior to the
anion exchange chromatography step with 3 column volumes of 20 mM Tris / 1M NaCl
buffer adjusted to pH 8.5 with hydrochloric acid and 5 column volumes 20 mM Tris buffer
adjusted to pH 8.5 with hydrochloric acid.

The column was then washed with 5 column volumes of equilibration buffer to
20 recover the CDP870 Fab’..

Collection of the CDP870 Fab’ fraction started when the UV absorbance at 280 nm
exceeded 0.5 AU/cm shortly after the start of the loading. The end of the fraction collection
occurred during the wash when the UV absorbance dropped below 2.0 AU/cm.

Example 4
25
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WO 2012/ 013682PCT/ EP2011/ 062837 27 CLAIMS 1. A process for the purification

of an a a
first c

M Xture couew Wi QI UUy T ugiie e we w vuniverng wer wnn owr we o wadt 1.5
g/L is subject ed to cation exchange chromatography and subsequently eluted
to produce a first eluate containing the&Gnti body fragnent; and b) a

second chr omat ography step wherein the first eluate is subjected to anion
10exchange chromat ography to capture inpurities and produce a flow through
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extract 15consisting essentially of: a) a first chromatography step to
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SEQUENCE LISTING

<119> UCB Pharma, S.A.
<120> Protein purification
<130> GO136 WO

<150> GB1012603.5
<151> 2016-07-27

<160> 10

<170> PatentIn version 3.5
<210> 1

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> (CDP870 CDR-H1

<400> 1
Asp Tyr Gly Met Asn

1 5

<210> 2

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> (CDP870 CDR-H2

<400> 2
Trp Ile Asn Thr Tyr Ile Gly Glu Pro Ile Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 3

211> 9

<212> PRT

<213> Artificial Sequence
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220>
<223> (CDP870 CDR-H3

<400> 3

Gly Tyr Arg Ser Tyr Ala Met Asp Tyr
1 5

<210> 4

<211> 11

<212> PRT

<213> Artificial Sequence

<2206>
<223> (CDP870 CDR-L1

<400> 4

Lys Ala Ser Gln Asn Val Gly Thr Asn Val Ala
1 5 10

<210> 5

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> (DP870 CDR-L2

<400> 5
Ser Ala Ser Phe Leu Tyr Ser

1 5

210> 6

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> (CDP870 CDR-L3

<400> 6
Gln Gln Tyr Asn Ile Tyr Pro Leu Thr

1 5

<210> 7
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<211> 107
<212> PRT
<213> Artificial Sequence

<220>
<223> (DP870 variable light chain

<400> 7

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asn Val Gly Thr Asn
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Ala Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Tyr Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ile Tyr Pro Leu
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 8

<211> 118

<212> PRT

<213> Artificial Sequence

<220>
<223> (DP870 variable heavy chain

<400> 8
Glu val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Val Phe Thr Asp Tyr
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Gly Met

Gly Trp
50

Lys Gly
65

Leu Gln

Ala Arg

Leu Vval

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
2
P

Asn

35

Ile

Arg

Met

Gly

Thr
115

14
RT

20

Trp

Asn

Phe

Asn

Tyr

100

val

Val

Thr

Thr

Ser

85

Arg

Ser

Arg

Tyr

Phe

70

Leu

Ser

Ser

Gln

Ile

55

Ser

Arg

Tyr

Artificial Sequence

CDP870 light chain

9

PCT

Ala

40

Gly

Leu

Ala

Ala

Asp Ile Gln Met Thr Gln Ser Pro

1

5

Asp Arg Val Thr Ile Thr Cys Lys

20

Val Ala Trp Tyr Gln Gln Lys Pro

35

40

Tyr Ser Ala Ser Phe Leu Tyr Ser

50

55

Sequence Listing.txt

25

Pro

Glu

Asp

Glu

Met
165

Ser

Ala

25

Gly

Gly

Gly Lys

Pro Ile

Thr Ser
75

Asp Thr
90

Asp Tyr

Ser Leu
10

Ser Gln

Lys Ala

Val Pro

Page 4

30

Gly Leu Glu
45

Tyr Ala Asp
60

Lys Ser Thr

Ala Val Tyr

Trp Gly Gln
110

Ser Ala Ser

Asn Val Gly
30

Pro Lys Ala
45

Tyr Arg Phe
60

Trp Met

Ser Val

Ala Tyr
80

Tyr Cys
95

Gly Thr

Val Gly

15

Thr Asn

Leu Ile

Ser Gly



Ser Gly Ser Gly Thr Asp Phe

65

70

Glu Asp Phe Ala Thr Tyr Tyr

85

Thr Phe Gly Gln Gly Thr Lys

100

Pro Ser Val Phe Ile Phe Pro

115

Thr Ala Ser Val Val Cys Leu
130 135

Lys Val

145

Gln Trp Lys Val Asp
150

Glu Ser Val Thr Glu Gln Asp

165

Ser Thr Leu Thr Leu Ser Lys

Ala Cys

Phe Asn

180

Glu val Thr His Gln
195

Arg Gly Glu Cys

210

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
229
PRT
Artificial Sequence

CDP870 heavy chain

10

PCT

Thr

Cys

Val

Pro

120

Leu

Asn

Ser

Ala

Gly
200
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Leu Thr Ile Ser Ser Leu

Gln

Glu

105

Ser

Asn

Ala

Lys

Asp

185

Leu

Gln

90

Ile

Asp

Asn

Leu

Asp

170

Tyr

Ser

75

Tyr

Lys

Glu

Phe

Gln

155

Ser

Glu

Ser

Asn

Arg

Gln

Tyr

140

Ser

Thr

Lys

Pro

Ile

Thr

Leu

125

Pro

Gly

Tyr

His

Val
205

Tyr

Val

110

Lys

Arg

Asn

Ser

Lys

190

Thr

Gln

Pro

95

Ala

Ser

Glu

Ser

Leu

175

Val

Lys

Pro

80

Leu

Ala

Gly

Ala

Gln

160

Ser

Tyr

Ser

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
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Ser

Gly

Gly

Lys

65

Leu

Ala

Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

Leu

Met

Trp

50

Gly

Gln

Arg

val

Ala

130

Leu

Gly

Ser

Leu

Thr

Arg

Asn

35

Ile

Arg

Met

Gly

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Leu

20

Trp

Asn

Phe

Asn

Tyr

100

Val

Ser

Lys

Leu

Leu

180

Thr

val

Ser

Val

Thr

Thr

Ser

85

Arg

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Cys

Arg

Tyr

Phe

70

Leu

Ser

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Ala

Gln

Ile

55

Ser

Arg

Tyr

Ala

Ser

135

Phe

Gly

Leu

Tyr

Lys

PCT

Ala

Ala

490

Gly

Leu

Ala

Ala

Ser

120

Thr

Pro

Val

Ser

Ile

200

val

Sequence Listing.txt

Ser

25

Pro

Glu

Asp

Glu

Met

105

Thr

Ser

Glu

His

Ser

185

Cys

Glu

10

Gly

Gly

Pro

Thr

Asp

90

Asp

Lys

Gly

Pro

Thr

170

Val

Asn

Pro

Tyr

Lys

Ile

Ser

75

Thr

Tyr

Gly

Gly

vVal

155

Phe

Val

val

Lys

Page 6

Val

Gly

Tyr

60

Lys

Ala

Trp

Pro

Thr

140

Thr

Pro

Thr

Asn

Ser

Phe

Leu

45

Ala

Ser

Val

Gly

Ser

125

Ala

Val

Ala

val

His

205

Cys

Thr

30

Glu

Asp

Thr

Tyr

Gln

110

val

Ala

Ser

Val

Pro

190

Lys

Asp

15

Asp

Trp

Ser

Ala

Tyr

95

Gly

Phe

Leu

Trp

Leu

175

Ser

Pro

Lys

Tyr

Met

Val

Tyr

80

Cys

Thr

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr
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210 215 220

His Thr Cys Ala Ala
225
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c) a second chromat ography step wherein the purified first eluate is

SUbj ect od tn ani nn avrhanna ~rhr annmat nar anhyvy tn rantiira i Mairi ti ac and

pr oduc nd
ultrafirtration apprirea 1o tne 110w LNrougn. «£s54. INe process accoraing to
any one of claiml1 to 3, wherein all chromatography steps are perfornmed on
a chromat ography colum. 5. The process Zccording to any one of clains 1 to
4, wherein the cation exchange chromatography is performed in elution node.
6. The process according to any one of clainms 1 to 5, wherein the first
cation 30chromat ography step conprises the follow ng steps in sequenti al
order: a) teagugg a m xture, such as a periplasmc cell extract, containing

an anti body fragnment onto the cation exchange col um, b) washing the
t | t ' ' th
conduct vi y. REr e oo ' eluf A b g B YRR PR MIBRRE 1D |

unchanged, and é?rﬁmﬁtlng the antibody fragment with an elution buffer. WD
2012/ 013682PCT4ERR L {HIERS3drad Ry Ztep 106apir® GRS IBER O dhnitaht WhRereInd Mixfure
wherein the pH of. otnhaﬁw H@ér@éu‘ﬂ%o@;‘r‘ frh edt%téggﬁgehﬁé‘ti?ntd?& IQSstH"éh L ¢ he m xture

cont ai ni ng an ant |L{gec 4t e d%arn Qr Lo first c sr’rE %g te% 8. The
process according el ar o or< g\%:QF éna“ g(ﬁ%yrﬁerH Sntai n gdoan
anti body 5f ragmarﬂro Lﬁ?telaoferttqy"att?léo'Tt?'P'Eg therReDERMEIRN 28ep has a pH of
between 4.0 t0p)5. Dsecond chromatography step wherein the first eluate is subjected to anion
10 exchange chromatography to capture impurities and produce a flow through
containing the antibody fragment.

2. The process according to claim 1, wherein the process comprises not more than two
chromatography steps.

3. A process for the purification of an antibody fragment from periplasmic cell extract
15 consisting essentially of:

a) a first chromatography step to capture the antibody fragment wherein a mixture
containing an antibody fragment at a concentration of at least 1.5 g/L is
subjected to cation exchange chromatography and subsequently eluted to
produce a first eluate containing the antibody fragment;

20 b) a first ultrafiltration applied to the first eluate;

c) a second chromatography step wherein the purified first eluate is subjected to
anion exchange chromatography to capture impurities and produce a flow
through containing the antibody fragment; and

d) a second ultrafiltration applied to the flow through.

25 4 The process according to any one of claim 1 to 3, wherein all chromatography steps
are performed on a chromatography column.

5. The process according to any one of claims 1 to 4, wherein the cation exchange
chromatography is performed in elution mode.

6. The process according to any one of claims 1 to 5, wherein the first cation
30 chromatography step comprises the following steps in sequential order:

a) loading a mixture, such as a periplasmic cell extract, containing an antibody
fragment onto the cation exchange column,

b) washing the cation exchange column with a wash buffer wherein during the
washing the conductivity, pH and salt concentration of the buffer remains
35 essentially unchanged, and

c) eluting the antibody fragment with an elution buffer.
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9. The process according to any one of clains 1 to 8 wherein in the first

Chrorrat Nnnr anhvy ctan t ha m vitiira ~rnnt ai ni N an anti hndvu franmnt ~Ant ai ns

bacteri 0, 000

pg/ m ) MSIUIT 1L 13 JUNJTLLTU LU LALI UL SALIIAIYS Ul VAL Uyl aplily . 1uiu. The
process according to any one of clains 1 to 9, wherein the cation exchange
chromat ography in the first chromatograf® step is perforned at a flowrate
of at least 300 cmh. 11. The process according to any of the preceding

cl ainms, wherein the cation exchange chromat ography in the first

(13 gr O?ﬁgog; g.gggw?é EBcdss RELHIAG ’F@Q\auﬁ# 6 3yHePgd! 'th%éd&-ly&ttpf% f&%srﬁr‘?& buf ’F‘Eﬁ&erﬁicﬁﬁé cm

according.to-any of ‘the. pre n a erein the
cation exchangl® P S BEIRIHANS AL 1Y TEHTEHATBE I e Aograey
performed in aSt&hr omat ogr aphy col um conpri sing sul phonyl, sul phopropyl or
g?;ggg%’m;t g'Iy{ai W%Sta&&d?ﬁé Daim & 3r 7,-52%@% ﬁfgé‘?ﬁ&tugé:é‘d?{té%‘ﬂsif?@a@ Qr%t?g&é;r/rgf i ;he
t he fir%t chroﬁ%pggﬁg%ﬁbggbeﬁmfggﬁﬁgmgéﬁyﬁgg 8 g?ﬁ@ﬁﬁg%@§3§@1t§ for the
anti body f9agmem protedseicearding $amnche/d cirhs 1 €58, wheleln infihe figt ocess accor di ng
to claim12 orchrkématdhRbRY Btep R HiRiur@BorfXifiRgaH anfiyd) FaLRER R AMIEYakiERalr €Si N

inthe first CMs‘PHEF&Q(eﬁHmSH%B%Bn%%ﬁ] %ﬂp%dgﬁ%i/ﬂggﬂgg%og%ié@gmﬁéef%gggisL |52

pm 2515. The process accor di to,any ,of t | frs,

the cation excﬁﬁ’hegcgeditﬂFﬁ%%‘fjﬁ%}ﬂ’?}f;h{)ﬁqt%a%w mary capture step between 5
and 1060 g &t i DRsiyrobdsaGRBAMING €S aty rRf of REFh1 & @ WHeasle the chion daRgeCeSS
according to Wo@gtob#é%hpfnqg@ﬁlﬂsp&rG#ngfoH%phy‘@t@ & ferfohRe ARt LibvERENEIRE

chr omat ographyleg 3bg%m%econ chromat ography step Is perfornmed on a resin
30conpri sing quaternary ‘anmoni um (Q, diethyl am noet hyl (DEAE) or
t ri met hyl am no®tidyrbcdsEMBEYrding To arlyhef e preesdiingalginistivhgreinaGh@catioafextHidge
preceding cl ai dffﬁomwagfa@hﬁintth@fi@f\éHr&ﬂQﬁégf,?ﬁﬁ)g%ms petfofmERE a ERBuCtty SCTRY -
18. Theg process RRElNg to claim17, erein the Fab or Fab' binds
specifically to

12. The process according to any of the preceding claims, wherein the cation exchange

chromatography in the first chromatography step is performed in a chromatography

column comprising sulphonyl, sulphopropyl or carboxymethyl coupled to a resin.

13. The process according to any of the preceding claims, wherein the cation exchange
20 chromatography column in the first chromatography step is has a dynamic binding
capacity for the antibody fragment of between 50 and 75 g/L resin.

14. The process according to claim 12 or 13, wherein the cation exchange
chromatography column resin in the first chromatography step has a mean particular
size of at least 50 um.

25 15. The process according to any of the preceding claims, wherein in the cation
exchange chromatography of the primary capture step between 5 and 100 g
antibody fragment per liter resin are loaded.

16. The process according to any of the preceding claims, wherein the anion exchange
chromatography in the second chromatography step is performed on a resin
30 comprising quaternary ammonium (Q), diethylaminoethyl (DEAE) or
trimethylaminoethyl (TMAE).

17. The process according to any of the preceding claims, wherein the antibody
fragment is a Fab, Fab’ or scFv.

18. The process according to claim 17, wherein the Fab or Fab’ binds specifically to
35 VEGF-A, FcRn, OX40, glycoprotein lIb/llla receptor, C5, HER2/neu, TNFa, IL1B or
CD40-L.

19. The process according to claim 18, wherein the Fab or Fab’ is abciximab,
ranibizumab, pexelizumab, CDP870, CDP484 or CDP7657
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35VEGF- A, FcRn, 0X40, glycoprotein Ilb/Illa receptor, C5 HER2/neu, TNFa,

I L16 ' ' - ab or
Fab' 57 29
20, T b cccce cccer v iy e e e Crie e e tryg e s ey wmees wr e o a2

anti body fragment recovered fron1the process contalns host ceII protein in
an anount of not nore than 150 parts per29m || i on.

20. The process according to any of the preceding claims, wherein the antibody

fragment recovered from the process contains host cell protein in an amount of not
more than 150 parts per million.
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