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WD 2004/ 076485 PCT/ EP2004/ 002041 ANTI BODY
PURI FI CATI ON BY PROTEI N A AND | ON EXCHANGE
WORROWIHESRAPHY The present invention rel ates POI/EP®04/002041
field of antibody purification in biotechnol ogi cal
production. It is an object of the present invention
antiBofe SORI DR ART MO \e| pHTRCeSS alioridy prutafieE atikoMmTobrSHIGH
anti body. Protein A chromatography is widely used in
i ndustrial manufacturing of antibodies since allow ng
for al nost conplete purification of antibodies, that
The preseatimiventiong€latdsiio thediabdibLargibegly plrificationlin bivtdchnslegical

supernatants. Protein A affinity colums in V|tab
progychion, b s objest obibe PEFeRigy gtioptio dessi enev [Prefgsttor
purg‘chH&ﬁ&esuﬁﬁ t;};pon repeated runs. Partly, this maybe
e to proteo Ic clipping of protein A fromthe
colum; in industrl al manuf acture of anti body for

h I
P AR5 TP P o e sine

allolvlﬁﬁgfc;r WA b¥m feﬁe‘ ﬁurfffcﬁﬁ@ﬁ of @ti‘%dl% Qﬁaﬁ '1§‘usﬁafl§ ?@”ﬁﬁta single step

contam nants r taln elr
fromlicEl iculidrt sumernaands: d’réuem taﬁ'mltymoﬂlﬁnmdnawtaubbw‘y sulpjecttto some

o A o e BB e BRI b e o

proféblﬁlbtch@ﬁng w@f&@ﬂ A fibMRBe E(ﬂﬁmnﬁl%d\fs'tﬁzﬂ Aemuf4agebf antibody
conpl exes formed by addi ng prote| n A to nononeric |IgG

for phrmapeatical applieationsne pretepsednbibiter enskiailp aydigiadd
regelg{%ﬁilni n%)?gﬁ{' gﬁ?&%lly? 3 §I ﬁl@\t/e:ir? f&%ﬁ?)gét?#n r’gl%fht co%%’mnants retain
theﬁiafﬂlﬂly BERG 4 ard AifficdldHemo© frbhethe purified a:a[bodgtduem ongoing
r comhi nant Protein A species as set fort
atresy Regovahis mandaigrhsipge Rgied) Bahigh 1sa bactraial prgtein will
a I

ehc? s L&?Jg {éé? 1%2%%1% ?%s bﬂsfeotﬁﬁﬂ{ée ng Rgcccfgpb&ﬁ@%%s BRREH bRhdBNEFrotein
A te onmomietit g hatredzen aqtoakgé to adivatel Fralkeagiag ﬂeaﬂcecyiés sndkcthe

reconbi nant Protein A ces | often.drasti
conERER TR0 B EHR ONAER ) AP Y P G Vit (Befint et al.,
CartBél REs.B2i 744, avgpched natural Protein A natrices

obt ai ned’ by’ CNBr coupling. Protein A contaninant

renmoval should therefore pr oceed W t hout conconitant

nmoval t et al | b
T GBS R e el reiee B b 40,750
whit@Rédonitithnt Ebties 3attiohed ol th eﬂuhﬁ(ﬁxéiﬁx @Bl a §ihle tleibésaet.bond
Low t hrough-put and | oss in anti body yield are the

aHQiY"élaf@K/]alﬂfl@'gC@Ea%‘ﬁ’ rrpie Asphigans. SHREPRIoIte disepyansgse, the
lealga%(g%’cg%@é@c‘i rgcg[ﬂlﬁ'ﬁﬁg Oétgf?lz&%ilatm?es E0tfendf Rstitafty § ?&a@ in

ective separation contamnating protein A froma
contrasttte immngx traditional, multi-point attached natural Protein A matrices obtained by

CNBr coupling. Protein A contaminant removal should therefore proceed without

concomitant removal of complexed IgG.
Balint et al. (ibd.) demonstrated that such IgG-Protein complexes can be separated from

uncomplexed IgG by gel filtration. Low through-put and loss in antibody yield are the

disadvantages of this method.
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purified antibody preparation by absorbing the m xture

to an ani on exchanger material and to separate both
weowponass s by sequentially eluting the anti boPCEEPEN002041

protein A under conditions pof increasing ionic

strength. This resolution nethod is highly dependent

on the 5 pl of the antihody which is specific and .
US #9881 42 (eschessielectivg sepagghion af eontapinating pigfaim &y from a protein-A
oA B e ERGRESR Bl kel o
to sepurate bothf contpnpiite g Béquentiallyt dlaing the drtib Rléesaind tpstein A under

nmet hod _for separating protein A or protein A "
conditignpahingrepsigEofig $tfﬁélgﬁ1; T wéﬁ%wh&mmﬁthmﬁ iydyighiy degpendent on the

PGSR S el g B o el s
thraghpwds limdted byl ithregstéepnéBef thrdafigrathett rejuidedforlobaaining separation.
According to the present invention, a nmethod of-
purifying an antibody is devised which nethod
Iti it 6B theMreseh n t&HE b Eyeansl BP sépatdtig Potein A
t y méans of '])g?sgtiglﬁﬁer%fogfté:iﬁn\?%e;a&%érc érﬂg%at ogsfﬁgfp%yg% amar
proteireAdragniehts fpomhsiibody, prefarabinan ¥gG prhick methvdavodals the
. functional, derivative .thereof. Second,.|oading.the
disggYARPRSE P R PRS- OB dR DI AsRSERE B Ritios, PIgh Qhjgsb s solved
acc6RNEH foitRNmd¥hindbnt Mil@W #h@©. bi nding of the protein A
or its functional derivative and third, collecting the
anti body, preferably collecting at | east 70% nore

‘ r | . ' S e .

AR ey B R S el SRR P BE e SaP I8 Which

method delpisds ahd sieps cinFiestcaifging anahtibodyl by medm3ef protein A affinity
fl owthrough of the ion exchanger whi|st any . L.

chremyatographa Mhersin theipsotaing s JRalvEPRotanGs PY § Hirictigngl derivative

thef@@find to the ion exchange naterial. Protein Ais a
cel'l surface protein found in Staphyl ococcus aureus.

Secbhd, Haslingéhepudfied tgtitafdy odsnhomeichgngdmatedal wglienconditicms which
ma Lian I body, Jin .particul of .19G ¢l ass .

allegp iy Bt topRith Ao gRencinalle i Eifcelertipe the

antﬁ)t)gy,']iréﬁra%g} Mfebiing/ ANERE70W ! ofeqafofhblPcIRBEAES: 1845t 8%, most
and anti body subclass or allotype (reviewed in

prefuatdy celleching et leadt 20%1@8he appwitef anttboddeasded ogto the ion exchange

niv.ersa tibody., .TIBS,7, 74-76; Langone et al.

matfaR o u HoRBEPY i gt 6rchiuact 0 S o AR Rah et o

proteiRnAnREl el is Boln@CRRhe foh, exfhbnas @ferial. | mmunol ogy
32:157-252). 30 Protein A can be isolated directly
fromcultures of S. aureus that are secreting protein

Profiff is nSpT TR VB Bl SRATXAOA fer ESHE Gropty of

bindif (ROFGRZicHNe mimmalisearftibodpuiniphiticatar oflg class antibodies.

Wi o é?g?%éﬁcﬁqsa Io{t] ﬁgtl L Le%? t'h%fafﬁ%&%ékt‘f{%b% Gﬁﬁezsggq%qg Isf(ecies origin

and4ifibady HiRlatd 6t allOB pRQBRM LR BubshE, KPCA4/1 992 B4dtein3A: Nature’s
al, 1972; FEBS Lett. 28. 73-76). For use in protein A

unigérsalnantibodiit, JHBS Gg74dhy Lapganest al..A 982 sPretsimef staphplococcus

aur%’\%lei g?l%fféii%ﬁuglégloﬁ?lgﬁe%ggtlo%s? f&ﬁ%nc%@ 1%*1%519&19013&%? P57 -252).

Protein A can be isolated directly from cultures of S. aureus that are secreting protein A or

is more conveniently recombinantly expressed in E.coli (Lofdahl et al., 1983, Proc. Natl.
Acad. Sci. USA 80:697-701). Its use for purification of antibodies, in particular

monoclonal IgG, is amply described in the prior art ( e.g. Langone et al., supra; Hjelm et '
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charged fraction of natural agarose), trisacryl,

crosslinked dextrane or silica-based materials.
woriohoda8s or such are commonly known in the arPCT/EPIPN4/002041

coupling via primary 5 am no,functions of the protein

to a CNBr-activated matri Xx. %’roteln A binds with high

af fi nijé and hlﬂgh speC|f|C|ty to the Fc portion of
al, 19&; FERatLefis2§: 7@2 ewsq ip pEqteia dealfiniy Ghromptographys grotein A

. ' 48 1 d
is HEEH PSR 80 s o Blinked ey BBl fosd (epharpse, freed from
chaﬁgedsfcttmbmeﬁmfag@arode)} Gﬁsacf}g Cﬁoﬁhﬂkdd’ﬁbxma salutaeﬂs@sedas

or, subcl . ass gG3. Protein A alsq

maigipls Qloéﬁf%is\ﬂ?}\ﬁr? yoma}o(%h@%nrﬂé@%ﬁ couging Via primary

am#n?{ﬁi{@%h%%‘a 'Plsot%ggé 8@61\?312 ﬁgt?g SJ%YH)S tﬁotgiﬁ H%ﬂ‘rds vi {1 high

affiadp GncBEL'gh]specHﬁdlmn thad Fcaportloﬂ oElgts, thétds the :CW& C}B%S]ihtefﬁ&ﬁe region
9 The sequence e codi ng rotein
of a@f%aqr@adf AREORE £ %398@» SHp et nRArticulay; ’6&? @HP%@Y& the

hurﬁén alfolypel% F’Ebé‘ﬁ"c}fﬁ?g ?QGI g[g,%‘z ﬂg@%?aﬂfg} gnfg%?@%%ot I())g aclasses

IgG(ZaQ@?;)Z}) Igli%e Peoteing also ekinbits aregffioity twrihaFatsrefgioneof

imsgu ol 4R 5o od Ay et AR Vit Aot 4 1. 0

Inuhﬁﬁolgﬁpt3©26l3l)3’l Hileneehll, JBkp. Med, 1m3aBs P—B%& Aok) 1 Tﬂ@sequence
| 9G bi ndi ng domai ns of proteln Abind to | via the

of the geraoding fonpuotein Agercaled iwe fynetignally GSP@CtrrégIPG%J ddhlenetal.,J.

1.
Bick CRAY oo TSR T3 ot o e, N A Sl RBl, s0: 697-
701209823 6TtheZidmifl)-texfidnadl fegiGiacmtais fiks Btghlyé‘tonaﬂogdlﬁggﬁ-bmdmg
Stru&ture 3: 278$%h| n_case of the

dorgqug@ prmeg E, 2 A,;harfq |aﬁgl }@rcaf%yé%rgggﬁl gglpx}, anchors the protein to
the %@f‘ 28404 %wb Al —B}Sﬁ grc‘.lohﬁﬁls of R%l '@Bmgé%é I%G via the

been confirme I\/Rso tion stu
Fc sdgion ,18@8yinBie@e helmarr le@BFc rekkBed 3R-234 43@1485 @ngBé], as shown

or 8ty Splte b g ciohong e 6, g b ipehemigy 2 R rig) ahd in
Safek”ﬁ‘ik@ion e‘ffﬁf (BB, S RtRS: 965@79) ﬁ('t@sef (ﬁ"fhéB ddi‘naﬁﬁﬁf Pr¥ein A.
been found to nedi ate opti onal bi ndi ng human

The fndipg pf dre ﬁssemlqllmngm@tm@n bmdlmzteg i the ion has been

conéf5 rmgﬁ i é}emﬁ so}{}tlon s%.ld%f cg‘ g d?teg g " q?%j ngg 'gefmsﬂ%/n?ﬂ 129.136. In

prisdiple] €xah bbthe IgG-b’i;litﬁh@ a@omaine Pagod 6f wbieRc ) i9buffibRnt for binding to
present invention, everything that has been said

theaﬁgmo}yp%ofia@ Iet. r egi on binding of anti body to protein A
| t f
Fun?l%héegﬁgl éflfgﬁgof Fhel IS REmip Eﬂhg@ had qe@HF hbadh %?edet@ﬂpttlonally

protein A- € I n case
bintthe Fhumenilghy pfoteiﬂ As(lbltaha:mbt 1 1e) d993j| B Imatunal. [16W3687-3603; V-

regi R i iy Bt Ay e st St pf o Rdestt

appifeatiels 8¢l aABhBOSerRfaté B e&r TR Presdn UFBALEH) evér@ﬂnﬁ@%@l‘ias been

is further described |n the subsequent secti ons
sai¢ opplying éd Bsreaim bindingHfeottionly to proseiniAyappdies likewise to the binding

of %ﬁ%gﬁ%'s n% s&%‘a{/ﬁéfﬁﬁ&@%%tefnnx %nx{dlﬁjg alie?e fnocage thlépﬂll% "Rl rgg gn of

such antibody did not allow on itself for high-affinity protein A binding. It may be

considered an equivalent embodiment of the prinicipal, Fc-based method of the present

invention; the latter is further described in the subsequent sections.
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such allotype that it can be bound to protein Ain a

hi gh-affinity node. Further, apart from the Fc
w@ertioonss of the anti body that are rel evant f oPCOEPZVD410P2041

to protein A such antibody ,nmust not correspond to a

natural ly occuring antibody. In particular inits

variable chain 5 regions portions, it can be an

An dgfg iapidladypceording tp ehegpre erfiandg tabr istsejoagasangntibody of
. . . o .
such b i 54 REBodd L o AR BOAY Pt apct o

the 1o gpertiing of tirntibodyoiGat a¢ eeléwait fue Gindingdtoaetein A Auch antibody
functional derivative of protein A according_ to the

munot epirespAkia RaturRHY eeraiag aatibodyd npartiquardn jfs awighje chain
oA el ST b B SRl SARs e

- routindlg davisédin thoag! ARpG-whtibods uctordiak e tHeqredehieinbémidinrigto be

constant is termed high affinity binding" in the
mdﬁ?%%@rﬁsa@&a@émam%@%ﬂasw- such functi onal
derivative of protein A conprises at |east part of a
functional 19gG binding domain of wild-type protein A
A fuimitiohaldtenaative of weteincA accordiogtd the presentrialermfionsiis Rharacterized by

E.D A B ' 1 t ei NSt f _whi ch
= bR SPBiapt A2t o ol MgP P Y BraD: 04 Forali BREpipoR ogouse
IgG2d ©R hihah G 1.fADRkdrRh Céglﬁﬁmﬂﬂﬁﬂ? hith vélue 5888 HdiY constant is
domain B rotein A which domain nmay be used for

(0]
termaert {hegdugitipity Biﬁdéma’ iothe preseritcontext. Préfarably, aohFnaaional derivative

e . haowev nt.i bo i.nding fra N

of oELEA Ttnbyis Ao rac B FGLoRR B bBisE R B Pe e
proteiwAli witigk Homfin iDsdlebtabirolanie Rtuwas delasindBMH,AB O bSengineered
par agr aph.. An_exanpl e of such are the reconbinant 20
mufﬁ#l@ttgﬁarﬁOﬁAW%l&la heyrastingdd gt binding fupnctippalitp Arpexagypde afpch is the

S hot-h j L e
fonfiraP b0 AibaclaC LN SR RO LD oFBERARDL bl dphAliFnd be
usep) fot amitibody purdfgpation aoset feth mdfS 6@137a83. Prefaratdyl howevbig an

ant PP RIS (ikions R g, RGeS TsemlioPamgrioes o leas two intact
Fc Bihd@kfoRRiditas LA B IRS bara§a?ﬁ.| £n RRIMS1e BF LAHHEMe recombinant

means that the protein norety is attached via a
protsim§ seqesmped disglossd . innER-28A 308and §P 184i368 slpgh foin Repligen
00”8}15ia| of the protein A affinity chromatography.

B¢ gingle-point attachnment by neans of suitably

reacti ve residues which further are ideally placed at

an exposed am no_acid _position, namely in a |oop, o
Alogp g5 & gambipation wigh a protein ¢ ofastupetienal pigkein A-Gagment or derivative

as RALE] irfe .ferc‘ééﬁﬂg SERIOGSE f@thdr :B?%fgrg&{ ?je g)rét&kl% fr§§1ln1gfi'l§ lﬂﬁt are
reactive groups-are e.’g. su ydry ram no
engingarsdi to aHow M simglerefistragththement Single poimbatiehinepir intaistha the
t functional, fragnent, t hereof 88«?&% ses a cysteine

profeip FPIETY 5 4N3ChE0I o & Sele rORRleRop spfQErartisupport material
of tRY ProRdiN A AfFinftP BRohBESiraghy. g%czlgs@@%oﬁab atachRRR! B fefls of

.the last 30 amino acids oOf | termnus of the amno
suitgbly deandve 06ituey sah RUFrERe Bl ppacHat a6 expapad Ardnmicid
pos{t}?)glr é%ﬁ&?ﬁllhg Ono}Pﬂ ?l{ogeteli%ltﬁe ﬁ- of Cttgrqgitnhg onraélsefv&h%gen(?ﬁq ﬁxe outer

circumference of the protein fold. Suitable reactive groups are e.g. sulfhydryl or amino

functions. More preferably, such recombinant protein A or functional fragment thereof
comprises a cysteine in its amino acid sequence. Most preferably, the cysteine is comprised

in a segment that consists of the last 30 amino acids of the C-terminus of the amino acid
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preferred enbodi nent of such type, the reconbi nant
protein A or functional fragnent thereof is attached
whyooan7d4enst 50% via a thioether sul phur bond PCI/EP04/002041
chromat ogr aphi ¢ support or trix material of the
protein A-affinity chromat ography medi um An exanple 5

of su an enhodi nent. i s descri n US 63 9750
SeqF‘?’l?ﬁPgﬂ“&rfﬁ‘&’é‘F n%m@rcrtgmf*cehﬁ@fs%qr@f ?fygtael&.t SIpPle N
e
prefghiSd BERDGRRAPS! Sich N AR L AL AL *‘?ﬁﬁéﬁ%‘rﬁéﬁ%@?ﬁh%mm
thereupisattached tyiat laastsid% via athmethee suiphur boad tettie chromatographic

t hi oether is t. und sto nar s
SupBH O WG CCHRIFER ot IBE Rt D gt OO G feedim. An example
of s‘ﬁ@l‘( hfi‘&xhﬂ&dlhfénf f@'d%sc!rﬁgélég fof @%@%m‘&&ﬁ‘ SRlutiRloia and is
l'anguage; it is possib 10 for instance, that said
comrﬁermaillmamaidb& under tmgmamhamcsjbﬁ@rdamlhhé‘“ pr ¥ebStlect™ from

Amghap Siied Hebuitingon e GBF shS R ReT T, the prosent

conEé?dt Shio8@Rf d tb Be uhélh@st@@d‘heﬁi‘dwl?fas bh8- BoRdERS chRpRitrEPetiBfe of
fromthe reacitivity-based nornal | angu@ge of

cheunmipemtsxt dovadting-nIthis ragand fromeernalrchigmichd taniggags; it is possible,

oethr o] e Qrdi nar ow _ chem cal .
for ko Tttt B Pl thes” AT AR ng B e iere Befifion is part of 2
largge Aeicabed ghyup'stiak hd 619, 4 thévedfer 6 Myedr acktal)ideviatifg indthis regard in
cystei ne resi due of the protein A with an epoxi de
the gprigrt tfdhapressat applicetien ﬁemi the reagitiviy Sasadnprmphlpaguage of
L i

che AR Prb el ool Bidyd £ BB YRR i e LRl harrow
chemicdl aidaringsSuah taidging dridethdr@roupoeanl eregg. @Enaated by pestog the

o e A R X B B 51 o P o

the ﬁ@ﬁ&dté&’élﬁéxh&o@faﬁflﬁrsﬁﬁﬁbr?ﬂgﬁﬁhm‘tth a MR ey elife ﬁsﬁl‘he such
functional protein A'derivative according to the

reagrcms@ntbelcmdtquonndes conditiorscuitiblaanto q;llocwz eily fox coupling of an

scl osed S .63997 r
exROREEh AP MR OR ALP BEP C &t 4§ LT Lo BelE-pajpg attachment of such
proteﬁn@ﬁlg}ferably by at |l east 50% nore preferably by at
| east 70% coupled to the chromatographic support
material 25 through the sul phur atom of said cysteine

S t C . .
i L AR PSP SRR AU R B 4 g
accofiing waheprtsait éldveaﬁbm mahe ftombiiaet prptedi Arcﬁtdl(yseé i 8r6399750

Wh‘gﬁ@g&‘gﬁgﬁjwﬁgéﬁa&%ﬁgg@gﬁgE%S%,lg Fqsigug@g 1sagreferably by at least

509%SRBRY Iﬁéﬁrfbgff)y H 1944 (79%35(9%‘?6&@ Qﬂéclﬁf)ﬁ’.éﬁwl df)hﬁ!jsu 10 material

epi chl'or oh Amer sham Bi osci ences, by means
thr@ighet]m s;tlplmr@hyd of snidcysteing fesidug@s tie sel.egmuarof agmimmt Further
ephar

prega g%gﬁplwsgt l}s;iis %g?no?,c ?egfgﬁliz By B}eé%lgsf %ng Je ! ?ﬁf%’g% ?ctlvatlon more

pre%r‘@lﬂy dithé byQndahk Sf DAL BBRpbSy proiiixy) Ptahd ddivati®of e.g. an
exchanger is an_anion exchanger, in particular a

agagRRamRatrE sychaas Seeharaseash Rlovn(agsiopabrads crgelinkgd wi

eoiGRELARE Ahean hMRARETS 093%5%%85%5@%@@3% ectivation

of £E ahFgaf8d MAGPOALh as Sepharose FF. Further preferred in combination with

afore said preferred embodiment according to this paragraph is that the first ion exchanger

is an anion exchanger, in particular a quaternary amine-based anion exchanger such as

Sepharose Q ™ FF (Amersham-Biosciences/Pharmacia), most preferably it is an anion
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6 exchanger having the functional exchanger group Q
coupled to a matrix support which group Qis

WORMN4MBF6ESS met hyl am no- et hyl , nost preferably PEEER2WOOIN2041
exchanger is .Sepharose Q TNyFF from
Phar maci a/ Aner sham Bi osci ences. The quartemary am no

rou r exc an er which further i s not
ex By prving Dot A CR Ao U  RUPIRGIR fripgtis SYpPhort vhich
groﬁg tjlﬁ N NI nRsihy thh - R4ahR RERT pr@’ﬁe‘réﬂli‘ tHeSanRﬁlS&@hﬁ{éer is

65 n1a arose beads haV|n degree of
Sephanse W(FF] @romd?haltmghe/ﬂrpﬁrylsam Biosslbadznsl Tlteyquaﬁamatbeammo group

s N POk P B P i 3 ] e e
buf¥RSPRECAa fow Eﬁlﬁh@‘er%%ﬁi @Ba@&l & 460265 Bﬁpégarc%! %Qadé']ﬂ@fng a high
condi tion of hi gmgantl body | oads. An exanpl e such

degzee efrrvosslinking fardvightse physivad stability durtixgy sephaeose ad deVOId of the

chaﬁg gls gﬁfatqcfwgﬁ{nﬁo ta?t? (I%:}mapgrr OLel o%fe 'é\ﬂil flﬁ?eg:pglr Ql?q% ggr unSpecific
maﬁiﬂws&?fu@ﬁ bf &[’db@ﬂ QveRuRd?cBhditiOn OF high bHMSddydbals. An example

derivative thereo as defined above which s obtained
of sygh an embodimenbennhe faned indhy expesimentadsestionn A affinity

chr omat ogr aphy colum. Such contam nant protein A

species may result e.g. fromhydrolysis of peptide

A doatagtingkdb prdreia A acondiiigytol thés pregerit nvepieion istiay TR fhctional, IgG
actl% in particular ip_ inpdustrial

bingg;PEREEBE PRProRib AT fpp@mnah%ﬁrty@%epﬁwg andsfined gbee which

s OB P ST e PR i EPRAGR S| Mty Eopidfogmapty column.

Sudhoresiagienais peoteiprio seame neaytreslt g/g. fﬁb}n hgdroyisisofi pnpmtﬁebonds
ul br ot h | di ted t.

whEf i vt b ria Aegi by Means ot Sy aboR mepar ety stonaiph

maﬁ\%ctﬁflﬁg PioRiif A%?ﬁ@mﬁt@érabﬁ?iﬁ @Pgﬁdf/ aégﬁlr Er%@ﬁﬁﬁ downstream

suppl enent ati on of the cel
propessingaeleen; thieiyilely rpsmﬁﬁd dresh pradyct soéuuq;lwﬂéerhms considerable

prof G AR RIR B RSt SRR ot R ial "

centtfifigiienod filefidiydtesukd Baly tChdversetiRed pidlesOfor regulatory
s-caproic acid. Such chem cal agents are undesirable
purggseg{p@g@mep@ggn pf]thp kel grlbera brath ﬁn@fprotease inhibitors prior or in the

r
Cm}r%éec&%g nan ﬁ)%%si%%)nrgla% u%%’u&% E?C\e}ces or ﬁl 5 nfcirotgﬁgngét t? bmgPemlcal
res¢arci piaotick. Bxamples sremhenﬁaﬁahybmlﬁhymhlbmm$Eb-dr3spcapro1c
.pbrotein A endi n he tert, ar ructure of .the
aci, ieBichermisp R e O G AL Y i g OO PR A
blobﬁk@mat?élﬂﬁhﬁglt i’soﬂﬁﬁhaspdghgfétthﬁ%&%ﬂﬁﬁﬁﬁ fEBnd1 MRV ARk or
nmber of blndlngﬁﬁonalns is reduced. Interdonain

fragmmtagf Broimy Apwe Ieispproteasmresistant than avildezpe proitdin it ylepﬂndmg on

f l. h
e SR R tne blodh k. aRiSP s et kg DaRignat ec
bmﬂﬁlgfd%ﬁfalr&(inigﬂf baeipossl dice tlaciotal hambsr cﬁllﬁxi‘cﬁﬂg d&hhlhﬁ 5 re@uced.
prot ease action, due to confornational chan

Intsrdemaiasontssts lmymﬂSﬁglecﬂonmb@teaﬁetth%8algﬂhtmgfalomalw¢@ngy1§ gight
aIS(?Be {Hé't ltnnhﬁi h ok e@l?d?i:ﬁ:g/ﬂ% &b A ofr Hé}ﬁ It %hal (ﬁﬁ%ﬁ’&%@ ':[}?e‘iieof

ave ently.
mﬂBem‘ee bafdcyhtatemusaffptlbﬂny to protease action, due to conformational changes

induced upon binding of the antibody. Again, wild-type or full length protein A or
functional, engineered fragments thereof might behave differently. Preferably, contaminant

protein A according to the present invention still is functional, IgG binding protein and
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protein A according to the present invention still is
functional, 1gG binding protein and WD 2004/ 076485
wEFOnABRA80D4/ 002041 7 thus is associ ated w t h PEEEP2004/002041
protein A-purified antibody ywhen | oaded onto the
subsequent ion exchange separati on medi um accordi ng

thu, 8 SRR RS faoaBHE i AR R 3k maiep Pepegpont

ion @Qéﬁaﬁg’éjé’ep‘afatibﬁ enddfan Q&O‘Miﬂg td the ipPesthil thi&itoh. TIR high-affinity
ficrently separate contam nant protein A from

basgbassocu@t@brmﬁqonmynalﬁ pRyteih & withyhe H-Ud&ﬂdcantlgodmlstthfereason why it

nvention the anti body sou b
is REEIF IR oA HEERY o SorlthingitorP B ot Buelislitiboiig
the anti body be neans of protein A affinity
chromat ogr aphy. Mre preferably, said cell culture is

Preerabdynaatordingde Ithe I@remurn@enthnﬁhmmlmdmeuglg thbe/purifiadge

GRS oL PR SRS B S0 0R A
chrbiasté8&bhy. |Moﬁ%i’réfefdlbl}a kaid 2l Gultt lis £iatimiBian eyl cll@ré
nyel oma cell culture such aseg NSO cells (Gl fre,

Mawmmaligg ceHly kavelarge compastrpgsdsscalled BefharigBE degmdating

f
eny%ﬁ%g@?cg%% h]ﬁ{lﬂ)ﬁe% é)gégﬁgne&g gghﬁ'l%aért SInrégg?culq? Aa]\cf’ce(ﬂ culture may
be ®@mgelonrl tell ¢culmrdEaRbas bkg N86 b&ﬂlﬁ@l&lﬁé r@edny Misteéin| G.kMethods

Emf@é}%%hﬁlégﬁﬁﬁﬁ Ef&/cf%n 5 815 ;%@C%YE%%%@ escélFC@?ycmphmd
cellsfﬁiehgbb Mexgwgl&? NIFcetitnelds G, i HRIEK é‘@dﬁ g o(g»ugft%ely

been” foun e to grve rise to extre
availaldé rom tha Fywaonecan GloHection of $istl (ﬁdturqzﬂ@d]ﬁﬁ(ﬂb ﬁlentné for Applied

iRy o Bevarste s BprtP L o1 TR et AR e been

foufd als10 RS give MRBto BitRIdlY ﬁlgﬁ pro@itt Ol iwstictalif uded H&Gpr@&uctlon

|l east wth certain rotelnAafflnlty chr omat ogr aphy.

of regosplnant eppibediesadn rr@tmblusﬁ?e@ﬂlls hgyebecarfeundio divegnwdneibly rise
to n%chvﬂl%lﬁar §REs ¥ Shial m-ﬁt ﬁ{&é‘iﬂ ﬁ\e% UH{ %Qét /&Qﬁ ﬁ}ﬁ%é % 1%# Yith

0SsI Y Sing e-ao tac exa

cert@fn muih ASafﬁmt}eanfbmaa'gMph?&yﬁt@nmenﬁpm&fngnewnbmant shortened
chr onat o%ra phy resin (Amersham Bi osci ences
fragmacnésef; qiwymemr@t@@t B thgp@nb@awtpra&et% H%EPSSlblY Smgle-pomt

g&%ffg Thil /S
atia S E)}? aéﬁut opff‘li'lcé§t %E%gsggﬁ%rﬁ%g%o%#gﬂgont am ant
chrpmatoeraphptesin eﬁcrnel’smiy Bam:uiedcdseessmtéeilllye:lilomstexfsmgle-pmnt attached

recqpab BN I s ABEBRTE IS Sio0rT Bl STl amad Of Ruserssiof 1000

ng SInkRhindhttprb®Rin ﬁlﬁ% SRRIRHY ¥ouil8 B GbREnLoMIR SIS inco" StrBtein A
A fromsuch elevated levels to < 1 ng/ng antibody in

affigity polymas. Thesmetpod of ﬂn@@msgmt igyenpiondisingpishesi fram the prior art in
efﬁ?lgi}ﬂ% e%ﬁyn ncofnﬁﬁé'gl rot ?18%&%&?1}0%&? elevF {r&eitéé]%i t8r<ef Sé/[negd

antipadpgr z&fihglel fast pdriﬁtaﬁ&h sey, ikieo dywith atpunﬁcitﬁ)nuﬁctpﬂdjﬂ dboatl1000x.
by neans of protein A affinity chromatography is not
treated as to inactivate proteases at or after

FurllRF Petlrred B! ol &ififtkBRbialion With the'prREHiRG piSortpil, e the

antibody that is to be purified by means of protein A affinity chromatography is not treated

as to inactivate proteases at or after harvest, more preferably is not in admixture with at
least one exogenously supplemented protease inhibitor after harvest. Most preferably, said

protease inhibitor is selected from the group consisting of PMSF, specific proteinase
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| east one exogenously suppl enmented protease inhibitor
after harvest. Mst preferably, said protease

WO nivitlo7d48F i s sel ected fromthe group consi stiPQI/BP2004/002041
PVBF, specific proteinase W0g2004/ 076485
PCT/ EP2004/ 002041 8 inhibiting peptides as descri bed

. Jn.Lask ki et al. .. 1980, Protein_inhibitars_ of .
it RpE pritichs &aafbeqinl > it i 3880 Boatetsdnhiving of proteinases,
AmRpRbV. BlodlRATL. aDC5IBCHTb, ahdEfsAbh Apdic RiPtein A affinity

chr omat ogr aphy has been w dely described in the

technical 5 literature and does not need to be

OB pRESR By, AR ISR o Rl A g o
litdvtinfecatd ddds ndth8¢dlo BilihriBdr/destibed AHBIABE exaBlpid ARt Pdm the above
human | gQd , el{e%GZ and g4 from protein A- Sépharose.

cites} is e Byhgmel ¢ al. b dmawinplogicabMethsida 3 b, (197N exd, pld Gradient
. - i 1 ib
eSO 180, ST Pl TR PR RA SER e Ib Ly < 4

ng/ mg antibody in the flowthrough of the first

i_on- ex&gan er, wherein antibody is preferably to be
Preferably sthg gantaminang progin A is seduged topheonepntzationss 591 Omg/ingd

& viabd ' I Ls described .
ool AR SO ARE bRy ol B - 1y TRE Ry in e
flowetheigh éithedustdbh-exetianger, ohetelrearmibofly & prefefablptd beSudlerstood as

SRR i WA -
in dail DAk ekpRFiRAD sddtioh it SRR b hbrey! Hﬁl§ g%i&it?%g@&%f etﬁé Sample to a

is threshold is to be understood suc
PH|<shdwefgrablygndhe pressnce hfa fiildgletdrgent 6x chwiag for dcourate determination

i ] i . ded, . | eadi .
of BE G Bbfk fh1eaRER T A 4 AL GG B LTSt st o be
undérsioid sioh as Hat te-lbatiedcapatinosk the fird S&a¥dengr $iSibieth A

) %gprotei n A fragﬁaénﬁnts I's described in US 4,983, 722.
bingine s pever grrepdgst Keding inevilablyie rask-thioagk efpentamiahiprotein A.

VA ' - Lch. . Ln,.particul.ar .
A RS 0y ki 0 B0 A A i
in Bi3¢83 @2 rSuitablermmtirmradteirnA iaﬁﬁ?(mielzqsﬁaiéi b@lhﬁiéﬁiialﬁ}uéxfagméyé. g. from
. gr oups., oper i ntenance qof the protein standard is
Slggﬁa%l%%ﬁhx% P%“ &0 B8 MR ED OV 4t Hhichgdrasivpehave
bechlRBEMELLH 1PharBYCANIRIHNSI Suﬂ’ﬂlg&ﬁ E%oﬁggﬁng@e?éga\%ﬁlgﬁgg Ioﬁ@g $rotein

standard for quantificatio
standgyisdmportatit- It anayre impretast foorenBdibeinaonofacSic chedadigest such pure

[y ]y L to ong results. Verif.ication can be 25
proffith SRl lof ] tapERE iuanicrtiod Shiirdes: Rl e covalent
di- anshultiners fthed Rih -OBAbiEQR ToulddeddSto virdas RERIY, Vliffch®on can be

Reductj on_of such protein A derivalive- standard

re. . .
eas@% pehissd by DERAGE gralysisiunsier rsdveingend apn-owtunimgsionditions, as is

. di A ' n g f syre t
oS30 Ao AU 85453 MRS
of IXET hobetanuacatiteeghano] hélps prcoribugly towieduin et éork ©@8fieasurement in

9 re. preferably at |east 80% nost preferably at
theﬁg’g%‘%"q%é%qb‘le'the anti body | oaded onto the first ion

exchanger can be recovered in the flowthrough of the

i_on- exchanger .
Further preferred, in the method according to the present invention at least 70%, more

preferably at least 80%, most preferably at least 90% of the antibody loaded onto the first

ion exchanger can be recovered in the flow-through of the ion-exchanger.
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WO 2004/ 076485 PCT/ EP2004/ 002041 9 The first ion
exchanger according to the present invention is an
wa@picen7@gThanger resin; protein A can be bouneChEP1»04/602041
types of resin as described EP-289 129 Bl). The first
ion exchanger or anion exchanger can be operated in
e colu node at.a certain flow rate or .in batch
The 6 o SRR ReEco By ik 5 Bremt R Oho R IR pAngp resin

prokdih & éah%e'ﬂohfﬂ ¥y BSﬂhttgse% @f &sﬁf"i@ﬂe@cr?&'d YEP2R9ang ﬁl? rffeHirst ion
exchangi ng Ilqlah la by filtration subsequen
exchangﬁr ¢f agjon exchahgergaebe nperatad anthe@nlmdrnbdﬁkatrvgpermhdlow rate or

Bt B O o B PEo ne ref ERS R R oo
sarﬁplé sé1aA6h Al fubBed émﬁanga@lufﬁ% RRABYY filtrMidP s hﬂly mordmg

result in retainin he an ody in the flow through
to thhptegcnttlmnpma@d g intoracenvinh thetpl jof algwndmamﬂyt ituspossxble to

e SRR R PNy eine B FosdGiing s it Snaner

whithlcongitiohs feadit Bl re@@RAS fileiagtibQfy iafhd HOE Yhrbh M whilst the proteln A
cont am nanwgfrotel n A Exanples of functional groups

conggmiggats pp andéhumn@x%ﬁﬂ@éhe anfthody a e has beanireidl heforg, the
metlBl rahé(or Mg IQ()S/) {}{ é)?%S%nﬁngenrtﬁhl “ﬁ"e of Pasfer %}%ﬁﬁon%?gntlbodg ff]om

particula rnary ani no
comanimghtymetehyA, Emhnqﬂbyd»fafmmmhrmbupd afisoret fipsk, aufﬁcmas:t;liaﬂger that

tri glanlnonethyl and
are&#@@%ghf e?%?wﬁ%%)m%waéewwamgaﬁ paticalaily tertiary or
qQuAGHhATELAAS BRIMDS sRHRR Qﬁﬁn({]ég{}g 'r&iaﬁ lfaﬂﬁnc{ehgyl at{"lhf%ﬂ1ylam1noethyl

exchanger are knovvn int

trinsgyhylammopetied ané dleﬁwl@hy&eamppﬂB}MMﬂmhaﬁmable
chr o St ﬁeﬁnﬁegpb%r? g?ag?%% If?;q;g? %%t%{S%c gq!{\é:r]eg%qo bej}é e art Examples

are%@ﬂb@é—ﬁ@de& resiid @@&Q&sede)@ﬁh%a@@&%@%e %@éd%taﬁé on an
agarose matrix such as e.qg. ﬁarose or

polmmaﬁ/dg@n}pté)gnzqnp aegisFMost pr@fnrably, the ion exchanger is a quaternary

/ rmaci a.  An_e of such 20
amfIRSORI o R FnSlE Rl oI B ol A Rch of bgs S ibafode CL-6B
or Sephtives Fast Elew (B fioin A@lﬂmhaﬁﬂBidB&emdsfPhhhﬁadﬁﬁ Ardxathple of such

flrst anlon exchanger is that the antlbogy accordi ng

is Segharee QpY dicemimeishep Plrcipaces/ Rhawmarctso harthenmreisyey | in
con{uﬂﬁhoﬂ FthABe b aeﬁ%{ o@?ieﬁ&né@? b9 hifthe %nﬁb%d?taﬁ dr&iﬁ?tto the

H units above, I'S nore basic
pregant ﬂfventn«m ﬁmanmnﬂmlohahamdbody] thahkas gquriessdetitrigpqniodp®l whish is at

ffin ch omat o h st wh S natjv
o i B P 3B i A pE B A s i e
prebQBATHiORAN 1A 4Rk biroMaRt@saphy RlepOf. gaxbﬂe%as“na@ive proteln A has apl of
Preferably, the anti body accor di hg S[presen
T

abouh§ On Siregnling rgcombinant prettingk hampﬂyoftabaut fhé gigrably, the antibody
accgﬁc@x%%&%% P%S%RI entléIF s)a 1)%] CEon ?a% dg@t?&g% ah 13belectric point

eraply 1's 7.
(plpwhi‘ch iadtllyash65 cdaboyd, moke plefdratidg ﬁs 770 or aovabmvs: prd:ferably has an

%ho be noted that this refers the Pl of the
plofat fﬁﬂﬁﬁ 1> op sbqyésﬂfe%howﬁd)ewﬁdfth%tdhla ﬁ?ﬁeﬁ‘dﬂ yhe plaf ﬂ@eh@ngﬁily
harb&dadd aﬁﬁl a'gﬂm)%dgpﬁ&Qh&#]ﬁﬂatf dai'h tsg‘fgplz:?r&ﬁctg’c@ﬁ@ﬁf #fle amino

sequenc on actu pur|
acmlmetcplemeeiluw)/ ’lhaueiuall}dlarrg‘mdanﬁbmdylmolecm dndyi haae umh&rgmfe further

moh%%pl%?%ﬁ&%@%éoq !3( gack or?euscuréh ® ggrct\;sy?at}/olna%v o mg\(lp hcatlons may

add charged moieties and thus may have changed the pI of the molecule. Upon

determination of pl for product antibody by means of isoelectric focusing (IEF), the
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add charged noieties and thus may have changed the pl

of the nolecule. Upon determ nation of pl for product
w@nioshodys by nmeans of isoelectric focusing (| BFQT/EPINE4/002041

WO 2004/ 076485 PCT/ EP2004/ 0G3041 10 mi croheterogenity

of posttransl ati onal processi ng of the anti body

. I t | eads t
mio R Gufniy of gpd eI PAC 00 R p BB PO R P RG E 8
moRbI&RAP élﬁllﬁldﬂ pPOREIAC WS to 4 hader EF-MB lféﬂﬁdﬁlcﬁmeﬂbdha aﬁf"body

| EF g r at her thanasmle and~ and thus a specif

glymm@tmnanqlamu@, them msemblem a sthear imp FER gelohthor bau asmgle band

cording. to the 5 vention, -in su
{108 SeRioiaiee B RRE Sdbark M FRira:o pPogfubt AcBbdi o e
pre%hft irvestion, id ficRafork thenfidhedpiafetre® EmBBUIRAH ¥hP P SBEA antibody’
nmol ecul es whose pl is within the preferred range of

refems tcatba@bél@u of agtibedyqreduchmolgaykes idoselpk is ﬂmthmﬂ@ roeferrpd range of

ol FEBEIARLIRY Bl FkagF g RRph PIRBS b ictBup 08 by 1% roportion
of zﬁﬁbdd}pﬂet:@@i’ﬁﬂ aftitta v purBicatiGiste) @€fr @dajd pllédnidlRn @R of

of operation of a first anion exchanger according to
antibedy phl¥sent i nvention requires buffer exchange of the

acidic or neutralized eluate fromthe protein A

affinity chromat ography step with the equilibration

buf T mode dfepetationtofarfirsirani cawexicharger accheling tatha present invention

buf f er, and .| oadi,ng bu er,reidenjc I in the nethod
of ?PQ“‘F‘P?E’“&# 43 FhYEmt pYRC Fﬁﬁtﬁah o‘Iy@athe protein A
U' t éﬁﬁit& Eﬁr%hiaﬁ&r&iﬁl s@sﬁﬁvﬁl&*% eaﬁﬂi%ﬁitfén%ffeﬁﬂf the Fir&lanion

1 pore can be expediently used for that purpose;
t h o@@hangsr aEquﬂéJra@nn nffegand tdaémgsbu@ﬂqr an@ndmlcnlgnéh@method of

fil
o GBSt PtenlBh ChraR AR, Prpreet Bl Do FES G455 G ot by
t 0 AhBcodr R9EMipdrd ¥aNbd Stpedichy Qfséd)fdt tﬁl@@u@og@lthose avoid the

concentration of a displacer salt such as e.g. sodium
chl ditutiga effigets gvhilsbusing g s. low moleeplasgeighiporewsy fdltration matrices

re . . .
P R332l 25 Srb bt B R ] A el v
Sugﬁleferzi‘tﬁy hzlisefc ﬁlﬁiginyeﬂtmtlbﬂ ef % ﬂﬁp@éer&ﬁlt?hblﬁaﬁe 4. Qo@lldm chloride in
nor e reera Is In the range o H 7

8. sthefgge 0 55%/& mage prefarpdy .05%33‘1 10 bi4 l?Né HWE pisferably
8 4 t
b 8 T it
t husingé ofiphh g. 5011'0 1;&59@ombamm&mbljprson theradgaoitbRi My totphies.5, most

al read egatively char r in t i on

o ARGy i e PP Biait e il pe et Tp gying that N-

gi VRAmMAPAhng tfifdtiontoTe pdleidl hdshEpKd Qa6 88atout 9.5, thidbihding of
need finetuning for optinmal discrimnation of bi nd| ng

an dconmmmtrm@tﬁgl Agnd anag pthenalirarly negatiyalyi dhgtspd areiein to an anion
o n%)&ﬁ!ﬂ%? Ev(ljlﬁ st(flloﬂig dr@ Qasug%lgf ﬁ)E hggvﬁnagﬁﬂéaﬁ%ﬁ %%H of the

e| ne
c h aloagdingMuffr might need ﬁnetumng for optimal discrimination of binding and

non-binding for a given pair of antibody and contaminant protein A having
differing pl values and different content of cysteine and histidine side chains which
may contribute to changes in charge within the selected ranges of pH. Further, a
more basic pH interferes with proteinA-antibody interactions as will do any
increase in ionic strength; likewise, ionic strength needs finetuning to balance

prevention of binding of antibody with the need to abolish binding of contaminant
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30 may contribute to changes in charge within the
sel ected ranges of pH Further, a nore basic pH

WO nioenf@ses Wit h protei nA-anti body interacti onBCHEP2404/002041

do any increase in ionic stygength; |ikew se, ionic
strength needs finetuning to balance prevention of

bi ndi n f anti bo with the need to abolish hinding
ot " st A ICHES DEhuicay Beau56E el eRaBuRHBBeAINC Hieheth ofthe
Pr obeffét ié\usdaH%' G8REsely ddrflkited Fith Mk (19 kaﬁl&ethé olrré ?tgongly protein

artisan that the ionic strength of° the buffe
us udl gejs bavnd te theyaninsraxehangetidspiending e plitheahor; salt etolerated for

L.V, ' A b .Ah [ . .
T PR B 5 B PR ik e g aiody
f or int@h&ioaBI THYS, the BBOVRLiPén ANEdSABAYH ARG dfsPlacer salt thus are to be
interfering wiwth potential proteinA-antibody 5

i nt BRdgestpeshas to Prgerrelated: Bhwloavey thearH, thalgsssaltds fopidamecissible

di spk thus e to be .understood as.to he
cor Mt 36%e ¥ Carplefied s fof ¥oFldi AineacloR B s
per freight iladded/yt fhi PHE Blﬁfe@h@\éﬁbmﬁé@,ffuﬁh&fiﬁéﬂé@ﬁn%ﬁﬁ9&§c strength
for worKki n% the invention. Further salt freight is o
addebthe yolufien. fihe e sirength eamke determined hytheasuring the conductivity
inc [ . I Qi t. f .1 ion.. .The
| on g eRdubiagon Bees, THE FAN Bondibife BB il btam
c onalpebvisysolytiohGo ednduteare gectric kumtntdrtvidchitab clethioddsanéasures
“copductjvity' gefers to the ability of an, aqueous

tofal amodng g &

sol UEYA' BOYH ALRES feaies gk don meBlitieele acgeunt.
el eThéOfRes WiBemUh&Rasitd Smb @it i&g?ﬁ%%ntql tlllé)zﬂﬁlegﬁg doi&on, the
taki ng charge and ion notility 1 nto account.

Thesadptgmeyilbhav adighien coreistivity. i unit o6 fnernmementdforcunductivity

in .solutign, the., solution will have, .

i s BRI e rancl R o easirad il oiaspcially available
conegticibtinityymdiBr, b g, FBACTRHRTAY. (SirRARASLR.S AN brIfhehfell. In
measured using a conmercially available condictivity

met &g copteyt ofthepresenp application, abinvgiesingl welyesipexain to the specifc
Hon o f_t.he present .appli.cation

al | iy 25 P ERbY IneToodiAF RRE R PR Bod B8 s
conahior éxdhtygeatepliiS.a donéd@ivity|0y5-5 iBcth O@bidlteREably of from 1-3
equi | ibration buffer for the firs ani on exchang

f
st eBSIFES M0sE Bs %‘iflwﬁryn‘b!@%-imﬁbm- Idasllz, ip hay @@@%Mytivity of
S0RM hisde OE;@;H%E of kbR gﬁffgf s@.ﬁ% Xanoée foﬁ@mrgf}ggd,%i B
It y of ~abou

of
nS/cm ldeally, as a conductivi
s/ QA86,Biachsingstryo$:46 1T ab Eeg. AuisfHC] tadfet or £ sodlitie Hydivpedn

1 e ARG SRR o bt

as EndERMbh by RHIfRY Sthstinte BlubBRIaAlPMithEFdnBYof e.o. 10-40 mM
subst ances. The concentration of the buffer substance

i s euffer spthAmongshpaetartial apiga species, ugeful for dlovisivgacbusterfthose

sal, ' | ; i_es usef f.qr . .

sovba AU Rt S B oF A FREF 8 Ep Bl e, whion

st rgopdrty affloardwivnatrehgthns agpredmatlethveBelsvoieiatl with the
perty of Iow elution strength is

whi ch | prg| . e e .
ap p‘feﬁlﬁlit ISP ChpRge 28e 1S ARPEeFiateleRroppiiianal fe the ionic size, are

preferred. Empirical comparisons of strength of anionic elution are tabulated in the

standard textbooks of biochemistry. More preferably, the buffer substance
according to the present invention is a phosphate buffer. Hydrogenphosphate has a
low elution strength, in particular if employed at a pH at or below pH 8, and further

excels by particularly low chaotropic properties.
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density of ionic charge and is approximtely

proportional to the ionic size, are preferred.
wErpinT@asd conpari sons of strength of ani oni c BCT/EPIIN4/002041

are tabulated in the 30 standard textbooks of

bi ochem stry. Mre preferabl'y, the buffer substance

according to the present invention is a phosphate

buf fer. Hydrogenphosphate has a |ow elution strength,

in ' [ : 0

ana e 2 mbde SIRUEHES pBiifle Rl Bhn Bhordrtoll profered for
pr oae fitst esion kA Qdy stefd ABthat¥abé, ERP A0 G40 RGT@BAut 1030 60 mi/h can
Wher eas batch node _operation_ is possible, colum

opdieadvantagroslyiempleyerle Flaclgadiae congeatrationsef atibegy loaded can

i f
s A e e o 630 B ot gl P o
| oatitimt sayingthiat thieiusnoDéxtntly didated kaaplesiwoald dive rise to

favorably he in the range of 10 to 30 ng antibody/,
exc%a%@edrseglﬂﬁ? aptibaglyeas is ipevn i the aba%ﬁe petsgR- Theein E%dy sought

of f | . ' ' .. .
e LTSS ML S G AIBUO BN R o nlucin
s ki dboetionzerobiomn vdlomeant twaslo dythsheispmbe equilitivetiquubuffer £bhe & of

collected,in the |.owthr h of .t | padi ng oper.ation
D BoRe g e Bt Pt tr SRaoR e eene
SanReRaiihb hEBEARA Mok BreciplaBoR b¥ &tibbdy bitfein.

i o%\jv?thro%ggéﬁﬁ%y RO Blociplalo neutlralng for
improving stability and preventing aggregati on and/ or
kDRIt at of antib Otei,n.. After the first
ARGHRE R b bh Wctiha it AR S WD ol B0 Il may e
deeefilto feguire RgtheF polishidpecby elgemetly borifieion mecthedst Ived further

by custonmary purification nmethods.

olishin In.a
preﬁsrﬁ%l ﬁ@:bo et dhetirsbipngsslnmesstep 1s fohlaved by @ speppd ion exchange
5 i f . i n
stefIAAP Secphé reb the BbONES 104cR aIF BN B:e SEEAR AP hange
medionrmhdhyelited veiticobuaffirathes tiednasthe kadimgdiuier, dydnéams ef incedsed

DR TN AT
lesS AP 5% th Ghis Wéﬂ%ﬂe%%lf,%l&@ dr3R d¥mbinEESERithal ﬂré’ferred

I
means |ess than 5%in I's context. Preferably, alone

emipgrdiinentclssdribed in the préceting spetishe the dec20d enrboegharest is a cation

escribed i n.,the precedi,n tions he, s nd ion
exfRRh gD oltiioRoE R SRR S R i S ST r R first
aniéh SichlnieP ¥l & becoRd tanaRbangeefiep Bidover dt Rywdll kidvii that most
anl on exchan%er and a secon catl on exchanger step | S

tracgspBieminant peoteips fromsslhsultpraibreth dave mugl lovecs il spnehen
ls . .GU r . . .
el 1R Rl B} pruidlod Guibh ek hal B GiTHER A MpRle offccnt
remoal with efapracpgtedwintibodyhardgiotentiabinfentiood agehis sncke ag viPlks capsids
r val both of aggregated antibady and potential . .
o5 Vel BT EigB RSSO 8 PO Lo Sereanapriatan. biehly
offibfeRl 1RV eP P it AIIbD@N hferQbdiBhg, HiRfin ol dnd @fiMionBHsin B co and high
speedy operation,” highly ‘efficient recovery of
capagityi afddading, tieallowsadiornf repsiated; englic openatior withiagingle batch of

antﬁ)ggy %v%h%ﬁgitigle gﬁ‘ect of the purification factor achieved in a single round of

binding and elution. Preferably, the pH of the loading buffer is about pH 4 to 7, more
preferably pH 4.01 to 6, most preferably pH 4.02 to 5.5. Further preferred, the the antibody
is eluted from the cation exchanger with a salt gradient in the range of from 0.1 to 1.2 M

salt, wherein the salt preferably is an alkaline metal salt, more preferably a lithium,
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capacity of loading, it allows al so of repeated,

cyclic operation with a single batch of antibody wth
w@odaisoresss ef fect of the purification factor achCEERIO4/002041

a single round of 30 bindi ng 4 and elution. Preferably,

the pH of the | oading buffer |s about pH 4 to 7, nore

preferably pH 4.01 to 6, nost preferably_ pH 4. 02 to
potgssgim m‘qun@ sqlt- Bredprobly, clutien t4kes plaes %dgH of fom pH &do 8 in order

t
to Haly @bl Akl Sfu EREIARIGRY Moot (GRANER ki bific
conditisnes @quallﬁ peefiereddk tel ebgtionethlads Hadetat a e beid piedefralpy 4 to 7,
a l Iée:gq Y\D 5004/ 076485 PCT/ EP20Q04/ 002041 13
MOFFRI hi%@ 3 cfpamwmtzmgwﬁ@%% gbrontamingpt Patempe evels as low
as ‘9 b qq%{l@l% aﬁtl%'d %Eln Bé %IQ&P l?l th Th.g rSg nd ctaﬁmb Qi’c%anger step
i mal damage to

agore at e renova
rendext itdaditipnal \gel fikbration dioot whdslﬁallbmx[gsof Hiyhi-capaaity ws well as fast

preferred, elutl n takes ce at a an acid,_pH._of
OPIFRLER I5HP WPic il for fonchange g?fh%@%%ﬁ%%%% of [0-30'me
g
anivagxchiihges asde eeud»nd aatimm)ehm@n step irsthe pftemeatl of protem A

tradi ti onal

|.st I 1
chriraioetarhl fndeistinical ¢ae SRy gk aiibnd or Hndflerformiel size

exdit%'ioﬂ élﬂoﬁ%t@ﬁ@fiﬂ)e(ﬁicﬁs%}) ®itieh 3RUedHSp WA Mate b ﬁﬂﬁ&uﬁ& weight cut
0-30 ng antibody/nl resin. In a particularly

off gulé&bé? fo8 genarativgiapbady aggecoptes @W@&@ﬁt&wdmmm Ayromplexes from
second cati on exchanger
mo{sl%&é%ﬁ?aﬁ{bﬁgyg#?‘%?%?‘ﬁn%&%ﬁﬁote| n A 10 chronat ogr aphy
renders cllnlcal grade antibody in the absence of a
furthey, termnal SI ze exclusion chromatography (SEC) .
Ong;geperghngit, cthod of mraseﬁawelglqmaa@er b em%%tga%nﬂbcdws
mapﬁa[vegb‘égﬁ A8 a%:ﬁﬁst &@fnaz& 'bﬁﬂl %&dgu&%ﬁﬁg&ggﬁeadgﬁdﬁﬁled
tibo pr ot exes nononeri ¢ anti
thosglc thisis aanbvnousrhﬂmth@@ tolthe shlled geismr.al note, the
nmet hod of the present invention can not be exploited
for anti bodies that have been rai sed agai nst protein
TheAm'é}@tr i L L Me@hﬂ& oP i Rssedl iBvelitRalif AR furifying
hough"this is an obvious |limtation to the ski I ed
anté:act:lix mran anfrm m@hanbapmmm@nﬂm@tqn fovethreuph medeh oapacﬂ:y of

t th ] b
the! \ﬂoa % i a&l lnven th%glrré)lﬁgle put o ur Irg%'tﬁ%c%ﬂac )p 18 on Xeclsrve with
regﬁﬂdctmhﬁlhémmhnmgniahﬁnﬁﬁ @ﬁﬁéﬁl}A fftain! Tifis Sa¥ed! Aot oF pRstessing
al | I|mt|ngthethrouH put of material; the capacity
?

timg gng materighrepayrees Wiulsh a @glﬁrfar Y3 ffirdsnt asraeived of protein A

coftfindf@ nant protein A retain. This saves a |ot of
processing tinme and material resources whil st
allowing for very efficient renoval of protein A
contam nant. 25 WD 2004/ 076485 PCT/ EP2004/ 002041 14
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Experinments 1. Protein A Elisa Nunerous Elisas for
testing of protein A or reconbinant protein A have
whe®n/0dastri bed 5 (see US 4983722 and ref er enP@BEP2004/002041
described in there). For al I1 wor k descri bed bel ow, a
sinmpl e sandwi ch Elisa was used in which capture
anti-protein A antibody coated on a flat- bottoned 96
Experiments otiter plate (NuncTM retains the protein A
Bound protein Ais then detected an a biotinylated
anti-protein A detection antibody, which allows for
1 urt.hleAra .bi ndi ng of streptavidin conjugated
- Brotan A Bl per oxi dase (Amersham #RPN 1231). 10
Nufr@Fow8 Bsad foy e bARbRIPA o rRoRRAt @d&&ﬁ B oy %5§$§’é§xribed
(rai sed against the natural S. aureu proteirn A) for
(see BPt498872 ZamhreferetskeddscuadSn dinae)Al Rin il wdrk BeR7iBE] belbw, a
. s this ti body which . was, used.through-oyt this
s i sa PR Pre B ) SEPATE ARG @Yo Gk alihady §odted on a flat
botimedTsRel] hidbtitet gk Nudé ™) Rethihd fidprotefil A?Bo&ﬁﬁ;trtﬁfeéﬂl A is then

the protein by unspecific adsoprtion process,
detecied ata piotinglatediastitpseteinty detectinmangibodsiwhich alfvarsi foi further

. tein. A captur nt i body .15 which capture anti
s R B bR o PR R PRREESS )
Comftercigityodeilablé aatigrotsihre pibditladii PodyQi 4 Sydaghmbt the natural S. aureus
proEq%; oxi dase. Tetranethyl benzidine is used as the

SdRysiapure isapailablg EomSigmp-Addideh GRrIVGwA It was this antibody
. . ; : .
whiSRRER P QRN i 8@l e BBRLHSE B LA Yy aiflty

using t ry parent-protel
purdiased fbimvBigmh-Aldecle GB7AM. Adiet cqutimpehaprdtehobg bhispecific absoprtion

profiRriiy SrdtetPolein aed Bl Ritn fy Hpeiicaso PR/ FABiHe antibody
which cRgtufe fMibady fsThrth@AeBicaaNth MbRE Rk AbSI %ﬁgbﬂ?)%gﬁ @dind

to carry additional cysteine residue such as e.g.
stregtavichndbprseradish peraxidagiv TetpmethyhherBidiscisewedas thé chngerogynic

Phar i the standard solutio s found t .
suby Bt TR RS PO Bk s 2R aff ey i e usine
the tvery [RARGHSPROtBIRAND BB Lpr6tetht Alderi Ritivie E tHY Dninlinsidt pRAGhA sought to

solution. WIld-type protein A standard, in contrast,

be defecteshnopingat apidiypiljaamicl a5 peapenprenation of the sgndard has proven

A oe . - by . 4 or .
R B B S 1 P RRB ol i
residne suohas e Stredraling retebeAOW(Aessshindtiosiqred, f@niesly Pharmacia),
G T R .

ensﬁl%(iﬁ&tﬂlﬂéﬂbtstaté’Bf)ﬁl%ip?otén%pcﬁﬁﬁtﬂes@h{tfoﬁm the manuf acturer
were used as a standard. WD 2004/ 076485

WidetypeEprogn A0g@aslad, i gontragt, Rreommeertiatin avaifableyfsore amiuatbedof

rotein As.standar. ure re j t protei.n A-
S e R R e A R
doeg hoDRGLBG S1Eh PreticAfRESR IR BI6WaIRE@hEd eRpdentPS REIvilg leakage
was qgbtained 5 freeze-dried from Pharmaci a/ Amer sham

of cgpizEEn PEdieinY fiom StrpadingT™ pebie SHmples ef unconjugated recombinant

protein A obtained from the manufacturer were used as a standard.

umy
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di ssolved in 0.1M Tris pH 8 containing 0.5 MNad, 1
nmM EDTA and 20 nM dithioerythritol, incubated for

wa2e03076¥8H. at room tenperature and desal t ed WCTER2004/002041

di sposabl e PD-10 gel filtratjon colum (Anersham

Bi osciences). Al buffers used for handling the

standard sol ution before coating should be N2-treated

to prevent 10 oxidation of the thiol groups.
Preﬂﬁ@t‘e‘t&ﬁtnﬁénﬂdﬁﬁ%ﬁﬁ%@d? @f%ﬁf"!\dst‘ﬁﬁ&aﬁﬁr ried out at
best inmediately prior to u the standard for

C oaﬂ’m@gecmblmrd ipodteingk-Gyk as e@nmetqmllyunahé Streamline) ptotein A
Fr o grpS Bl TR i BiriEBE o B uearacggl s obtained
pr Oiﬁ%ib driefeora PHANER I AR RAm B ib&iQices. AL ?/ml rotein were
non-reduci ng SDS- PAGE. The concentration of prote r?

st adgselvediad). i Tién i Ricortdiniyg B M NaCl, lasSEFD T Bread 2O maM

fhioeryi ol A GheceERd R mify a0 S egraEe pid ARG witha

by dishedableatD-10FenltRGb8l calimnYAnfershhiREBI8&bAdes P A 1S8R rs used
pretreat ment is shown in Fig. 1 by neans of

nonferdwpdlingfhe sepE&md seintien b@fpreapogtlag) shydudd be Nattrepied teeprevent
A stangas s tfthé‘{a}ﬁ%}lggou&af’feﬁﬁaﬁf)f tlhglprotel %%g%v%tcamed out at

pretreat me coupl e rea
r ec bedtimawtiafelopédrto Asd of thy sdadarl Yorcwatih@ e ikrotiter plates

Ph am Bi osci ence | ane 4: nat
‘ e?bﬁﬁyém E%{Argf 062@ Sojufige V%isl pafRaged Fddecpbal-fe Il)n a freezer;
Lan ﬁfter]théﬁlng éﬁcad'hai’}ﬁ{eg 3% pFORLiK A Wil 143 oiéagrom liquot

g denoted On-the

correspondi ng nol ecul ar nasse$ bel ng
ver ldaded omporsredubiog ISQSOPrhGIEa ihe pomieatratloh dfipwotein standard was

o ¢ SrerREL T BRPAre oo e Al (UPoheal Hioshem. 72 us-250
mongpRidebdansl., A0ANOMHI. Bibcldah i [59PIBSRNY ngéﬂ' ds B@f‘&ﬁlomated

nore intense, stenn1ng obvi ousl y rom di ssoci at1lon of
di s amnnw@ldomab@@d TH¢ rasulks of such pRétreatmant s shopmdp Figatli tormeans of

ai 1 BB Rk SR i earcr piin & aggnd ane 1

sol nitiverproei Af 1anaP edtet frapeMicie) dnﬁ?mfeo Rn&duphdStebailine™
50 ng/m, Thereof, dilutions down to 0.2 ng/m were

pr eﬁ&?@él%?ma@%% (Repvidsd byregnesyidinevreacis mevhbmershie-

S'S L%ﬁdsgir%ﬁ%églf aﬁ@@ 1§d 1@% g@c{ol it %\}ﬁ?b@%ﬁ %4?%;(?2 g@&sprétr%gnt) Lane
PCT1 Mﬁﬂlbbﬁﬁﬁﬁféight ﬁﬁrhﬂ:r oithahe eangspesdih®mbicctias fraskes being

ordg?%)tto exttﬁl Udl%ﬁglr esei eﬁ%g@g&%lg Ubi’&]ggg%iaehyboring

sanph Qddlﬁorﬁi'l ng £iduB tsmf@ aﬁeluléhu&wnbtﬁfréw&f molégﬁarlwgghtl g
spi ked with the 1000 nq{D spi king solution, or th
gg/ Wonomeric band at about 34 kD is preserved and much more intense, stemming

obviously from dissociation of disulfide bridged dimers.

1.2 Elisa

1.2.1 Preparation of sample

By two dilution steps, 1: 200.000 dilution of the 1 mg/ml protein A standard stock
solution was prepared to provide the top standard at 50 ng/ml. Thereof, dilutions
down to 0.2 ng/ml were prepared for assaying the standard curve. Further, the

dilutions of the standard (‘spinking solutions’) were used for spiking of duplicate
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5 solution if appropriate, to give a final protein A
content of 10 ng protein A per ng of antibody. The

woriven7dass f i s spi ked with the sane vol une of BERPPM®04/002041

buffer; thus the dilution factor of the product
sanpl e due to spiking is accounted for Both types of

preparation wll be r erred to as " spiked sarrpre in
thepméprtémnﬁbes torbetegtgdin erdentoraxehudgprespragof ipjerergy substances

%1 gmxg Lhe (base), 5.84 g Nad, 0.5 m Triton
01 a volume of 1 L with deioni zed or
bi dEet fiihdl @t(&hicmn‘@ie testong, eydry sahpladedividey into 2 equal volumes of

st GE s ot ik e o SO Dliete plvipnepy 810 medrl
kn 0¥Yﬂuﬂ1<§h if Iﬁﬁpl%ﬁltwge Aot Wetepﬁ’ﬁal z#(ﬁ&ﬁqﬁ[ gontérﬁlo%b QE gm&n A per mg

spi k an’ equal canount known st anda
ant ofxmﬂgbody Thccmlmihaﬂ lisespikedswisin thersegie voluaidf ofisatplef tnffer; thus

ffi f,.th
bt Bierdlefion Bt L letfich s B¢ lomykip faispraed for. Both types

Sysbff%@f)drﬁtl(ﬁf WAI bd RfdrRAYS 88 Piked 3AnpROFYHE 'ﬁﬂﬁivﬁﬁg IThe sample
and thus scavenging protein A fromcapture in th

as s byffer wesingadeiupefrano ;5 1 goGhsnedbass), S gEde,é)rﬁjméTuton X-100

o ARl S0 WPl BB o 0.0,

i N Féi ¢Ptingdaourdy st Bientsible WhtiBots dnc&dREbAs Mah&samples
prepared and tested in tri pI icate since the assay

wor Reregpeidgiermingd by qustemary Klivcenelt kravwnin thepigh if‘#ﬂteﬁ standard

ran

st e%ﬁr s&%:‘%ucr a d ﬂf?{p (guralegs%(r)r ggggﬁgwﬁ%aggerg%b%d
contanparabie conmtam eagumﬁafﬁmty\fcfrr;mgﬁmm,stomtecmmwfﬁcwncy of the
ot her. e.bound to the excess of. anti bod: rese)a q)
theaeﬁﬁﬁﬁtéons%rmd&ﬂ ungyehany potestial STEEMAIC STOF B uged by
pl a

D! SaRboty b o Il R O e (M Boa B E: ARy
azi de. The pH of the buffer was adj usted to pH 9.6.

Add (100..| 430. ti-Rody.s i on,per n

ant AStagenciPRa O AR Skt P i SR B oro2
sat hitratel 5% qfnt&th— W0OHufeR at'pI$ B BN AW AmpleRWRire B i triplicate.
W th plastrcfrlmand place in humdity chanber.

| n cE@%\l@e@, dilutignoolspamis wire rireirarebprddsstedinelripligate Hoog the assay

put P ore R gl TRl Yt OB P bipef s SR i 02

PCT; ﬂigﬁﬁD Thé aélaﬁ‘fbitmrils?te}g gch,rudthﬁ B@l m@&n%as/&@y (04 11ber£@$dhtammant
L, Tvve n 20 0.2 L ut anol, 10 L
andp’i% & fipgments WIiGH iR emrerl&mrléeﬂﬁ%ae%ef pasibody

W tBreQerﬁn/%‘é% REsoﬂﬁBﬁ.ﬁrSte”] to each well and

i ncubate for 2 hours at anbient tenperature on a
benchtop orbital shaker (speed 120 rpn). Rinse all
wells three times with at | east

1.2.2 Coating of microtiter plates with antibody

Coating buffer was made up from 1.59 g/L. Na2CO3, 2.93 g/LL NaHCO?3 and 0.20
g/L sodium azide. The pH of the buffer was adjusted to pH 9.6. Add 100 pl
antibody solution per well comprising antibody in an amount sufficient as not to
show saturation for the protein A standard. Cover plate with plastic film and place
in humidity chamber. Incubate at 37°C overnight for approximately 18 hours. Rinse
all wells 3 times with at least 300 pl washing buffer [NaCl 5.8 g/L,, Na,HPO, 1.15
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5 300 1 washing buffer, and tap dry. 1.2.3 Incubation
of sanple and detection Plate out standards and

wa 200ploaas3 ncl udi ng any spi ked sanpl es wi t h 100PQI/EP2004/002041

/well. 10 Cover plate with pjastic filmand incubate
for 90 m nutes at anbi ent tenperature on an orbital

benght Iy B3 e I hre i ith

I eag}tl ’ %@g?ﬁ%’s‘lﬁg& g guf et gél%&lt Q/H%E’\@Hiaé‘(ﬂafo ml/L, pH
bi o¥i2ydndttssidsyalAdd L5a M b}oamg Buffe 8@%@?%@6&%&1@@%'% casein
detlelr m ned optimal djlution. Add 1 , cover

pl ahampparsten ft%@qqhévqlﬁ angh ingipatei faE 2 baure at ambigot feinpatatise on a

7 ROt grpTRBARy KR Tl Kb S s FRBE B Picast

t he3@0 plriwasiShy bulgireandi taedryopt i mal  di |l ution using
conjugate buffer [Na2HPO4 1.15 g/ L, NaCl5.84 g/L,
NaH2PO4. H20 0.26 g/ L, EDTA 3.73 g/L, Triton X-100
0.05% (v/v), pH7.2]. Add 100 pl/well, cover plate in
plastic filmand i ncubate for 45 m nutes at anbient 20
t enp2r3aincnbatiomof cmple and<letdcdon Repeat rinsing. Add

" onP it Bl e o5 e oy abiked spaplronith 100l /el
S ubgbi@iptars Witht ﬁlé’s@lc'fﬁmpcfnﬁ Wuggﬁ el thi&) Ifxgﬁlﬁes #"@Eﬁo?e‘}llf femperature on
gy In

solution is prepared di ssol vi ng
D@ orbitabpenchtop hhakegtlhuk all‘ Wc]ﬂsftbreelﬁn@sl witli atH282 30 ewashing

add toa2 5 m cet te aequeo

o o B o A Dl bR etel B Gt o Ry AR iecprepiously
ci t déternfisiedloptirhal g oM AcHPHIO HAYID @o{'&%ﬂat@kzdlth\ﬁﬁésﬁﬁ film and
used for preparing any reagent of the assa

h| gﬁ)@gbataifal%rplnu{eﬁ at ambiegfdpwneratide on an P shabcr Br:peat
%destl |l ated water. The substrate sol ution is
|ncu at d at anbient tenperature for 8-11 mnutes on a

shaRénte stiopavidiadior@radish peheidst @Dm% Proontdiagrndided opt1mal
per |1 of st opp| n | ution %13% H28044 W t hi
Hiyfton gisng; coggge eg,EN@H_PQA{ bppiefle Naftlrdoe(L, t he

abSNﬁFIQP@@ 190 0. @@ Eb?l‘@ﬁ 7?1%)/[‘63 o & og(ﬁ)og 059, @), . 7:21. Add

determ ned on a p t e-r eadi onet'e
det B} jldwelll,icover flate is plasticHilnsand iscibale f@/4lﬁ1mlﬁu'«e§ & ambAent

f 2004/ 076485
WCT%%% %&%Qﬁ%g&qﬁpéﬁflﬁswgsé&%ﬂwl feppldy-prepared
lnt@trﬁ:.@:.éﬂbjfl-ﬁéﬁzuﬁﬁé tTMBI WE?o’iﬁlci @bk 9805029 suttRWEition.

the | evels of |eaked reconbi nant protein A|n ant | body
el u“éhe@lbs?r@tmsolsﬂpe mremedﬂukertmﬁoﬁtﬂtmhpmtmmpmd by

iCEr | oe er I?%% Wad]glensf ie)%%éy)(%I 12)( ‘ﬁb‘fﬁt@ﬁh O@Feﬁlgtﬁ% gi (ﬂll of H,0,

r epeatddedioe ROS & (v kdditim acetate aequeous solution that was adjusted to
pH 6.0 with 0.5 M citric acid. It goes without saying that all water used for
preparing any reagent of the assay is of highest quality, that is deionized ultrapure
or at least bidestillated water.

The substrate solution is incubated at ambient temperature for 8-11 minutes on a
shaker. The reaction is then stopped by adding 50 pl per well of stopping solution
[13% H>S04]. Within 10 min. after addition of the stopping solution, the
absorbance of the wells at wavelength 450 nm is determined on a plate-reading
spectrophotometer.

The detection limit for such Elisa is 0.2 ng/ml Protein A, with a working range of
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5with 1 Msodiumchloride and re-equilibration.
broth from

Wer eas | eakage from cell
whyriodasn cel l
500 ppm other cell
ppm An overview on the rate of

cul ture

differently sourced matrices is given in Table 1;

chr omat ography was perforrre%
manuf act urer' 8

CO u p' %r”g% 0VBish ﬁ%/mh

acl t

i nstructi on.

fttas
m

ﬂ¥/ lsq%(r E?Be

according to
Table 1 Matrix Supplier
tfo(ychem stry
inA

culture was typically in the oPCUEREP2N4/002041
types gave |l evels as high as 1000
| eakage from

Arre rs Ew@ shotwis the levglgiohleake0 reCQlﬁblﬁarﬁ Progin A ig@fibodgeplzs free

AFF Bﬁggagﬂlf}gﬂ@%co h%%%i&%}&%%%%g%gﬂy %%Eél%%ﬁﬁt

attached
ar ose

BI 0SC petried lratﬁltoafbbrdmk@eoﬁlc,&ym gimbspriaretd réfehted usp eftertelution

10 - 50

Pr ot ei n

AR e R s VA SSETBBlSB0R e

Cer ani?mth—fquh}'b}idam cxbliveiturg 9as Ppiotlatinths oReeAESHRTm, other cel

RO ers S SRl P

Aner s ﬁﬁf?ren@ sogiced patkings i5gvendo @Fam@n@h@O@tOngbs‘&asemf@med

Si ngl
Bi osoi

at t achedrahiyliOpbiBionrd RKARE
Si ngl " por nt 50- 1000 20-40

Bi osci ences attached Thloether |

PORERTR: of lrakage from

i nkage

A 25 STREAMLI NE Aner sham
200 - 400 rProteln A
Fig. 3

furt hqglb]plow des data on insubstantially reduced

| eakage contami nant 30 protein A during repeated
runs ofmai"h e profSerler A af 1 ?‘HH“P% chr|dypistl Isgedep Werliet h t HElow Rate
chemist p.pm paclty {cmhY)
(mgmf )
Native Protein A | Amersham- Multi -point 10-20 520 30-300
Sepharese 4FF | Biosciences attached
CNBr
imp Proteln A& Amersham- Mulii peint 10-20 520 30 - 300
Sepharese Biosciences attached
Pores A High Applied Multi point - i0-50 i0 500 - 1000
Capacity Biosystems attached
Protein A Biosepra Muiti point Up to 300 10-20 200- 500
Ceramlc HyperD attached
iPioteln A Amerchari- Single polnt 50 -1000 2040 30-300
Sepharese Biosclences stiached
Thioether
linkage
MabSelect Amersham- Single point 50 -1000 20-40 500
Biosclences attached
Thicether
linkage
STREAMLINE Amersham- Single point 501000 2040 200- 400
rProtein A Biosclences attached
Thioether
linkage

Fig. 3 further provides data on insubstantially reduced leakage of contaminant

protein A during repeated runs of the protein A affinity chromatography with the

same affinity matrix material ; wild-type protein A multipoint-attached Sepharose 4

FF (Amersham-Biosciences) was repeatedly used as described in section 2.1 below

and the level of contaminant protein A in the eluate, before any further processing
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same affinity matrix material ; wld-type protein A
mul ti poi nt -attached Sepharose 4 FF
W@ 20ei0sdasin Bi osci ences) was repeatedly used asPCT/EP2004/002041
described in section 2.1 belgw and the |evel of
contam nant protein A in the eluate, before any
furt rocessi ng 04/ 076485 PCT/ EP2004/ 002041
"i’ézf Era‘i’@ %@“&fé\/\%ﬁisﬁéﬂ desgribed aboves descri bed
above 2. Protein A and Sepharose Q chromat ography 5
2.1 Protein A affinity chromatography with
St r 2afrotedd W Gal Sephaliroser@ chrmpeatogteptty f r om a NSO
nmyel oma cell culture was crudely purifed by
centrifugation and in depth filtration and
con i Hetmati on was
CPERHhRIFA %?3&%?%@% H{vith et a5 oH 7. 5.
TheCell t@ture sfiperptarg rﬁtonbmHIfBO#Equmwl ucdbchlhye t;\zlaecmdélbrspunfed by

0. / t L buffer 1 hanged
o peiEERio ang T o8Bt ind a5 COr PhraicRg SLP g ion:
ant hllﬁ@ﬂkra?ﬁﬁn‘@@ aﬁb,o Rised thRRcRMBE e chitust 'fdﬁﬁi"i‘o'ljlﬁ‘s-r g .5. The titer

colum (5.0 vol une) was previously equilibra

w. t of the antqulm#S\mocilweé by thes@llsrvag Oyong/eilgh totalrodiil 4. ifer-
oocichreetsbB i Riol B e PR Tap S op o abbody Aggras 85,

cmhTHe pﬂoﬁﬁlﬂ ABireaaime™ yoluwas (S0 altvolin&Bi 4 praﬂbﬁslljﬁ equilibrated
materlal) Before elution, the 15 colum was was

wi t Witk Ojcgligin wejumes i M ehveise/glyciaepi 8.8, 4.3 M NacI; flow

L0 RIS i
el uerloty lbadlﬁgcapaarﬂyewapahlfutm ilngb(mghlytmméﬂeﬁal).ﬂ%fére&lutmn the
i.ons

buf f | t | ut f
ol u%fﬁ’éme&‘?ﬁ MES %‘g‘%’(t% atalﬁ i gafun#g\&lumg %tt elyrang 5%1111%%011 buffer
Wi t ﬁp@fénﬁﬂ%%’ﬂ?a&im&ﬁ?ﬁO@ﬁm@hﬁC%ﬂa 0 ??ﬁw@éﬁ -70. E1685h was

buffer 20 exchanged with an Am con tration
devaahievail withl edatitnrhyfeg uialde bp af 0.4 erquimeC@ PO buffer.

{ or Tk et eipon JrteBmdof ity EorBRESRE s AntiBody sk were
pr endialing wikee adea;ﬁ‘m@%uqmw 0O s HEt: pﬂr hs Aaatuledy

concentration and the contam nant protein

coneehenssdivgth sppmicandiafilirpirydeyiceduitie lqadm/eabmbeauomb@ffer

| ev ant

o op B AR SRS B S bl B pgeaen
165&umgéx@m‘etr istep cfg!r pravdntihg Mgk &xpodie e acidizgpH.ecovery

of ti b based on the titer of the buffer exchanged

sup 'Z’Hﬁy %%Wﬁ?{lﬁr%}wﬂpﬂﬂfei@?e fRBRARGRIOIRHSA gonceniatigrwere

CONg& r
ok fﬁg’fﬁﬁéﬁa agrﬂe.génbﬁg "a\'bb%laD %e !‘2""8’85‘/?%7"%5%&1*15&‘ PRS8H A in the eluate

PCTarERROSUI00F3d ag/m@ antibody before and amounted to 1650 ng/mg antibody
after diafiltration. The recovery of antibody based on the titer of the buffer

exchanged supernatant solution prior to loading was 81%; the concentration of

antibody in the diafiltrated solution was 3.6 mg/ml.
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2.2 Q Sepharose FF ani on exchange step in non-bi ndi ng
node The purified antibody fromsection 2.1 was

wo eootloaspr ocessed as described: A 5.0 nl Q SEEITEPISE002041

FF col um (Amer sham Bi osci e%es) was packed 10 m of
0.1 M NaOH, followed by 2 um volunmes of 0.1 M

Tris pH 8, and equilibrated in 10 5 colum vol unes of
10 m%spnhfgmswg@w sxchangestep if howwbingding ofodes cm h.

Af t ea)l 4l i ' flow r [ ced to, 50

crn e R bR R seifor s £ Mol BB sk gl 4 5.0
| oanhk @-Sephardsh BF columm(anékshidhe-Bidseiwnted) olag Padied 10 ml of 0.1 M
collected for further processi nq; the fl owthrought

wasNagH: follosvedby Zolumn valumeg ofi Adli M Trisrrle B, andpaniliprated in 10
| . Sd 70l .
ookt BT WA B PR N 8, PRLLESs e, e

equeduilibration thefldv eate ¥@s rdduded » J0HnDh. Sl BNl filirhled
absor&ti on_ of the flowthrough nonitored at 28

0 nm
wasABRORY sjutienswps Ipadedromo the colummp e e flovithrengh wasgpllected
In | :

Dot o e Pk AP Ry S U S DA 8 1R plected i, atr
r e shavirglloaded<th colgfmgwitinthiebnitiyl 6 FMllahdbeavipg catined therdafter with

t hi Seph . purjfi i body. b by 0ol .
(1| Byioagecs b s i bt tYaesh agHyt Nagipghe absorption
oVesf the ﬂbﬁ%ﬁﬂugﬁi&ggtoiké&l 2980 MR \]E}é’sitgﬁlgtﬁcfhad%ﬁ?% -”[gre tdtdlrecovery

mM NaCl buffer "at a flow rate of 1
| oaeli angibedst inghoflowsthrough avesi2B saly anshody(8496). Dedesmiinatiod of the

not this trace contani;nant, pr,otei | evel

sublsetg gg}qigg?tg{‘/l‘maaﬁép %{%erl%%rﬁf/lﬁg;g |5Ié rgi3 we agghoAc}?hy be used

t o Fuitehprocessihpcd this€)-Skphaddse Pafitd aRibbad baghty fel filtration
con} am nant, protein A to about 1- SPQ?%/&QS’_ Thus SEC 20

has(SEewsspsip Ghismatagrashys 8BCY avarée 3¢yl & M Phosphate

tr . . . .

ot 71y PR RaCTEREE) & ahow AeSE B A0SR IgsRthe 8o of 15

gplrlmgl:anﬁbrtdfymer nﬂkgv:k—:'wl es(’j foufidl aot chahdeethisteace !cdﬁtlahﬁnh I a'nt protein A
ilution of sanmple and sl ow processing wit al | ows

f or lexcl fubsiensialy Gny mioee. 2R TRGHYASS: SR miey bepsedfq furdiey isdce

for 2 A i BC

| onLal CRRRAY P00 AQinte AR TR R o Pl 15 ¥e/mg, Thus SEC

| oskasafverpaloat purifiaatioh Eictarerjthi regard tatrobe aiomnts Fhprotein A,

Q Sepharose col u .recycled for further e .

cephratl Ea bl TPr AR ReReing f breiich Sedtp st Geriginant A

as Hewevdrhiid taevehaviidaBe MiuAdib4Banipld 4fdPa0R 4 SR38del with

21 3. Protein A and Sepharose Q purification wth

subdlayiseliar same desay ektwaptieodysireising SE§ wikkallpasy for 70% recovery

X DAL ’ - ; . oo .

moncihy BB st ARG oR AL T SO M fidefly Besule n

uselbss dfiaateda vafilst eguiring mudhutithdrer , fi nal SEC

=

The Q-Sepharose column was recycled for further use by separate elution in 2M

NaCl and further equilibration as described above.
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purification step, the antibody harvested in the
fl owthrough of the Sepharose Q colum was subjected

W0 2008/0%@8HNd cati on exchanger step with a SP- SEQITEPIS€002041

FF (SP=Sul phopropyl -) mat rigi from

Amer sham Bi osci ences. The SP-Sepharose FF all owed of

a flowrate of 100 cmh wth a reproducible yield of

93% anti body after 10 | oadi ng, washi ng and el uti on of

t hega ; Fsu

e oot A e e phafosed) pARIRARE HG subs Splont GRS Ghehane
Sephamstepe Q purifi catl on step was adj ust ed to pH

h 50 mM f
el Pyt B2t B by e % ngined iEp ngf Bipaifh mode
CcongQtSaphhnds®fanlofetciinge Whs R MstehADF RGt ﬁ?rﬁfe’?tfﬁlal SEC

buf fer was further used for washing to base A1l

50 pwification siepitthe pribodg harvesiedinGhe Hioghthsaigh orﬁ @;hef %aphame Q

d..f |
or cxouh s BUmileflo.a AbP R SERRORY 5 Rithe ST Seobapese FT
t ai (SP=Salphbprepylaf mbtig!Trdr® AnferSHane Bt sBiendds eTRS Sp-geﬁﬁeﬁrose FF

stee salt %radl ent b i mpl enentation of a salt

adllcaynd af a Thoverags oft § rPthleﬁ’ra tsprasiueibln iplidredg 93% anitibody afer

c o I
o TRk S R LRSI a8 bR LA Bl
an dFmdnahng; eind pH ofitheenfibedi ﬁmhtjonaﬁmhemea Sdplfda@éret@ r
. residence in th idic solution
1 Rt SeRSPHAGUHE it et T et e 4.5. The

PBaoﬁéﬂng cépac;@‘ Gval S ttPfO &%ﬂgﬁﬂhﬁ%%atgﬁzﬁta% ?ofddcﬂvﬁyhgf load of

pool ed €l'uate” was deter
ant l’bmSWn tThe ﬁmkdwdtptwhﬁfes veadurther need-fo9 %ashmg] tnteaseline. A

O RS st 0 RT BAf AR RAE g oo

af f Afibbdly; GRé UM G éM.u%B s SHRe: regaféb‘ lukddBicNite in the
-attached protein A5 This nul t i poi nt - at't ached

St rigddfactiensit brgbtlemﬂ sirengith.i Ugetof ari@ﬁSrste;@p wals gradisnbhy made

Zpre Ff]%%_: lon rra | a? rg?ﬁén% 11? 2R dﬁm&%u?t%’g/b?fﬂlée pumping on the

narkw‘lmh il fualby feasiv; dﬁ&:ﬂabﬁh@ﬁﬁﬁ‘ 0B84 high-satt et teeelidVn less
€Eﬁﬁ%decon‘m nant protein A having a term nal Cys
res pibods andiepnsepisAily Bes pRseisely spaphing and sh@&ﬁr times of

usegliie Adih RNk R
coupﬁl‘l ng instead epox%?é%%x %a?&gic\ﬁ il}eggitalg

sel echanged fedtB$ pH o ithctlévahof Ea@tamimam froiginoA in fid pooled eluate
grou onl. see duct in t| on.. from

ranies %ett?fP’é'?%d(W@w%rfgW{H@ %ﬂ)@i thepntibgdy way ghovay tope >99%
andmbhéméey§) m@ﬁas%f@fz@'@k&@ﬁbnmtce' n A was determ ned

with 353 ng/ng antibody. This neans that the node of
coupling partly accounts for increased protein

| eakage from hi gh-capacity, single-point attached

reconbi nant protein A

-
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15 affinity matrices; the nodifications in am no acid

sequence introduced into such reconbinant protein A
w@sgoogon@ass ed to full-length wild-type protei n BCT/EP2004/002041

contribute considerably to }Ozpcreased protein | eakage,

too. 5. Parallel conparison met hods: Conpari son

wth Mles Method 20 (US 11,983,722) The M| es Patent

(No: 4,983,722) clains that binding DEAE Sephar ose

. , |
524 SSRGS AP R e
r edundtipdint ‘aechedipFsteineAn A content in the eluate to

| ess than I5ng/ ng 25 anti body (range of protein A was
0.9 to 14 ng/ng of antibody). 30 35 WO 2004/076485

PCT. 2 M vt SRR AF . Protein

1 s e hod Sucal el prortH FRRIARO Tt Helbfiifly made
on sadgyippliedbly Rivrirapiai Plpit)teah (mhAdleElﬂﬁtrﬁIrlﬁhrﬁacia)} fid \;W:ié tade up
matrices 5 trix Sanple Protein A levels (ng/ng .

r Pr BY Hiefnag 5F s eounlige ghesameeihld Strz@nlzne(ft‘styng Feeombinant

b Bioidth W folfRindl CPtctals RABESAQE Betllas® i mpterial, but
Pr ousgsdriraditminalbENBs 2h@nisSe flract satiopranticbpglint insttdbefhpdiide-

o BRSO R T S EO SR AU OB oA PO R SR ESLL Eroups
rpPr @ﬁl?%%e/br&lﬂcf infdrn¥itiol RNl AR faBlure]) tThd %@fht_{doc}jf_ exp. 2.1 was

6.5-7 and to directly conpare t’he non-bindin

Q Sephatedard thedevstiof eontanginatipreteinnd was determined with 353 ng/mg

rerg?#gg)%ﬁﬁghﬁg é-legl?sdthzrftgthe Pn%fdg of ggup\ffn}:; r];])arttigfeacg/clnlm?ss fo?%c?gatsed
protein leakage from high-capacity, single-point attached recombinant protein A

affinity matrices; the modifications in amino acid sequence introduced into such
recombinant protein A as compared to full-length wild-type protein A contribute

considerably to increased protein leakage, too.

S. Parallel comparison of methods: Comparison with Miles Method
(US4,983,722)

The Miles Patent (No: 4,983,722) claims that binding DEAE Sepharose used as a
second chromatography step with a salt gradient (0.025M to 0.25M NaCl) for
elution can reduce the leached Protein A content in the eluate to less than 15ng/mg

antibody (range of protein A was 0.9 to 14 ng/mg of antibody).
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Met hod applied: The purification of 6Al anti body (pl
6.5 - 7.5) included two chronat ography steps
w@ovgiz4sng of MabSel ect Protein A step fol | ovwedI/BP2004/002041
Q Sephar ose ani on exchange gf chr omat ogr aphy
(non-bi ndi ng), or DEAE Seph bse chromat ogr aphy
‘bi ndi ng) step. See LO 9007 and LO 9375 MabSel ect
Ta in A Chronmat ography: 30 Colum matrix Mab Sel ect
r econGionaparisen of Profein A regidupsiintelvatessamplesdf 6A1
Col unAntibodygurified 0 singlenand multipicintattached Proteihed
hei ghaffiMity2dadriees485 PCT/ EP2004/ 002041 24 Col um
vol une 30 nL Operational flow rate 500 cm hr

(16.80nL/ mn) CJean 6M guani ding HCL (2 col um

vol u Loadi g capggistye 35 My / n
Equi FVEEr ation 50nmM gl yci w?gl yCi nat e mé%]/égQWIsNaCL

(8 col um vol umgs) Post | oad wash . 50rr1\/|

g! ye{ pel gl yr-n natie pl—l 8 0/ 250\ - MNaCL (Q col umm

vol unes) El uti on buffer 100nM gllycine pH 3.50 (6
IR Senharese) 18rW§IAi]@@W\/I Ctric acid2fd 2.1 (2
(single/peint@taghes) [The cul ture supérnatant containing 6A1
anti body was purlified on a MabSel ect colum (30ml),

rmpPFReinA 8gsHafdsgd PhoteintA6lub@bl ¢ above. The gnti body

connected to an |AKTA FPLC syste The condi tions used
(WaRi-Sdibt cmbnc 0. 1M gl yC| ne p% 3.5. Follow ng

el utlon IS the[efuate pr—u was agj usted—topH70—and
eA ate|sa I dIVI edlnt054‘2quots
eac |cLu wag t er d into a different
exchange t ography. The first

bu P _anj of

(glgu;t}qmmta\tgg\_g)_ai- MrisHA  pHR / 75nVNaCl

for Q Sepharose chromatography run 1. The second

al iquot was diafiltered into 50nMIri sHO pH8 /100 20

mWNaCl for Q Sepharose chromatography Run 2. The third

aliquot was diafiltered into 20nM sodi um phosphat e
The¥ie of thew criwiNaaits fes tagoniphdhes eesults using dipbSpleyt (Faerw single

pid SR M b o o A IS5 i

corhyanel th&gm@&ﬁﬁhﬁ@ RhsepbaseRichRd (dsiag difkesht Iegmma%n/loadmg
buf%%tent The difference between Runs 4 & is that in

7 viith the MilgsPagasmefos. col | ected as one fraction and

Method applied:

The purification of 6A1 antibody (pl 6.5 — 7.5) included two chromatography steps
consisting of MabSelect Protein A step followed by Q-Sepharose anion exchange
chromatography (non-binding), or DEAE Sepharose chromatography (binding) step. See
L0 9007 and LO 9375

MabSelect Protein A Chromatography:

Column matrix Mab Select recombinant Protein A (single point attached rPA)
Column dimensions 1.6 cm internal diameter x 15 cm bed height
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25 diafiltered into standard phosphate buffered saline
prior to analysis whereas in Run 5, the elution peak
woer®407@83 | onat ed and di al ysed i nto a phosphat BCTyEPI004/002041
prepared as described in M| es Patent. The
conditions for each of the five colum runs arﬁ .
escri.bed bel Sephar ose Chromat ography: Run
Cofl g!\gﬁ‘emat r?&mé har ose, Fast FI ow Col umm
Opgia, osrate %OOC‘PW/IhFIE)]ér WmL/midet er x 8 cm bed hei ght
Clegs| unn vol umebMaupnidags HEL (heolpmapmiumesdn Packed i n
Logling sap8oidy um Hyohgdml detrit 150 cmi hr  Operational flow
EquilibmtidA0 cni h50nalel @W/ghynipa@l pERB.0Q 50MMNEDTACEM

Hydr oxi de (2 @oluitin V6lusie®)S Loadi ng capacity 15 ny
PodtMad®dshi X E0Sihig] ?élhél y@ﬁﬂ@pﬁ 8 9’50NG/ 75mM Nadl
(8 coI um volégrg% oad wash 50mMM Tri sHC pH

Strl buffer 2 M

El
ium ChI or| 76485
;%%r/ EP2004/ oo E‘WEH’I% %H'P i de (2
col unm vol unes) har ose Chrormt ography: Run 2

Theenlips syperpatant G?Igélﬁﬁ’@r learmé@ Y Biag mudfied oma a\bSﬁl@mméumn
(30?111?3 chBécfHdecE) ﬁ%@f@@t@rs efh. CTHe% Eﬁ*gh@@éeg v%?%#%@e cribed in

umm preparation
thekytde ab((md:e Tae ahBBodynwdsrelutepesiag DA klycinewH 26e Fﬂ\ﬂ@wmg elutlon

the el i S O o g st e s s e o

ahcﬁiépt!;' Eédhréfqh@trwm Eﬁbﬁﬁ&@i 1rR5|a %ﬁ@érélg%%ef\ ffrlaniod exCh4HER

vol unes Post | oad wash TrisHCO pH 8.0/100mM
chrpmaiographgol um vol unes) Strl p buffer 2 M Sodi um

i I I 1 1 | um
Theﬂ}%s? Qlllcﬂlg)t (&{aiﬁ npn%\{r%g l%gﬁéé’fnsﬁ-g{\a X%E%EEP‘&%@O 8 | for Q-Sepharose
clnﬁlnam@ﬁtphgmhyrhe%ébxﬂ diabotMas@ifiltereddnke PRAROTRHCAHHS /100
Fl o 0 Colum dinensions 1.6 cminternal dianeter x 8
mivilg %Wose chromatography Run 2. The third aliquot was diafiltered into
20mM sodium phosphate pH6.5 /80 mM NacCl for Q-Sepharose chromatography Run 3.
Aliquots four and five were buffer exchanged into 25mMTris HC1 pH 8.0/25 mMNaCl for

evaluation of binding DEAE Sepharose method described in Miles patent. The difference

between Runs 4 & 5 is that in Run 4 the main peak was collected as one fraction and

diafiltered into standard phosphate buffered saline prior to analysis whereas in Run 5, the
elution peak was fractionated and dialysed into a phosphate buffer prepared as described in
the Miles Patent.

The conditions for each of the five column runs are described below:

Q- Sepharose Chromatography: Run 1

Column matrix Q-Sepharose Fast Flow
Column dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL

Column preparation Packed in 0.1 M Sodium Hydroxide at 150 cm/hr
Operational flow rate 100 cm/hr (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity 15 mg /ml matrix
Equilibration 50mM TrisHCI pH 8.0/75mM NaCl (8 column volumes)

Post load wash 50mM TrisHCI pH 8.0/75mM NaCl (5 column volumes)
Strip buffer 2 M Sodium Chloride (2 column volumes)



Col um vol une 16 nL Col utm preparation Packed in 0.1 M

Sodi um Hydr oxi de at 150 cnihr Qperational flow rate
wao®4om4By (3. 35nL/ mn) Cean 0.1M Sodi um HydrPXT/ER2004£002041

col um volunmes) 25 Loadi ng 2%apamty 7.5 mg/mM matrix

10

15

20

25

30

35

40

45

Equi | i brati on 20n Sodi um phosphat e pH 6.5/ 80nmM NaCl

Post | oad vva te 6. 5/ 80mMV NadCl
Wagls ol umn vol Hés‘%ﬂgl ?’iﬁﬁ &%&?ﬂm@@m oride (2
col um voI umas) 30 Wash O 1M Sod| um HydrOX| de (2
SPIANOS mat R Run 4 Col um nmatri x
DEAE Sephar ose 35 Col urm di mensions 1.6 cm i nter nal
ColdhmnmRiteixk X 8 @BepledodediagtFlowCol uim vol une 16 ni Col um

CoRbfRHmAdiON Fae k@dniefhalaidietd k8 édbedUéibpr at 150
CORL Olulg)eratlléqﬁgl flowrate 100 cm hr (3.35nmL/m n)

% mgl fftont ration
i %ﬁ%@@%@gﬁ R on 2o

Cl sh 25nmM Tr i mp Eoluge vol urres)
EFPRIBH b ?E}g@%m&msm pH 8. 6/25mv| NaCl To
eqzbhanmu sHC MdlrsHEE pig - R 8PmM dlach (& eriuma valwemes)
Posidosid veash Sodi |Tatstdd pH 8.0d80mivh Na6ll (e ymu@olumes)
Striplodie0 76485 POW RGO AHI@RBA2 colenDFAEMSSphar ose
Wabh ndi ng net hadlMRuodivm Hyidtedden@tdobain v8ufiekumm mat ri x
DEAE Sepharose Col umm di nensions 1.6 cm i nternal

Q- SephRrése ChroRiAtEAFAGIHY: 00N 3

Column matrix Q-Sepharose Fast Flow

Column dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL

Column preparation Packed in 0.1 M Sodium Hydroxide at 150 cm/hr
Operational flow rate 100 cm/hr (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity 7.5 mg /ml matrix
Equilibration 20mM Sodium phosphate pH 6.5/80mM NaCl

Post load wash 20mM Sodium phosphate pH 6.5/80mM NaCl
(5 column volumes)

Strip buffer 2M Sodium Chloride (2 column volumes)

Wash 0.1M Sodium Hydroxide (2 column volumes)

DEAE Sepharose: Run 4

Column matrix DEAE Sepharose

Column dimensions 1.6 cm internal diameter x 8 cm bed height
Column volume 16 mL

Column preparation Packed in equilibration buffer at 150 cm/hr
Operational flow rate 100 cmn/hr (3.35mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity 7.5 mg /ml matrix
Equilibration 25mM TrisHCI pH 8.6/25mM NaCl

(8 column volumes)
Post load wash 25mM TrisHCI pH 8.6/25mM NaCl
(5 column volumes)

Elution buffer 25mM TrisHCI pH 8.6/25mM NaCl To 25mM TrisHC] pH
8.6/250mM NaCl
(10 column volumes)

Wash 2M Sodium Chloride

(2 column volumes)
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Col um volune 16 nL Col utm preparati on Packed in

equilibration buffer at 150 cmhr 10 Operational flow
WO 2108/026385 cni hr (3. 35nmL/ min) C ean 0. 1M Sodi unPCT/EP2004/002041

Hydr oxi de (2 col um vol unes)s Loadi ng capacity 7.5 ng
/I'm matrix Equilibration 25mv| TrisHO pH 8. 6/25mM NaCl
(8 colum volunes) 15 Post | oad wash 25mM Tri sHO pH

8.6/25mM NaCl (5 colum vol unes) Elution buffer 25nM

TrisHCl pH 8.6/ 25mM NaCl To 25nmM Tri sHCO pH 8. 6/250mM

NaCl (10 col urm voI urres) 20 V\ash 2M Sodi um Chl ori de
sbharose bindie : PR ilasi meflrod) f f er ent
buffers used in thls study are shovvn in Table 3. The

Colelnit matpixpr of i DEAEfSeph&ragch of the ani on exchange
ColiindTRicRE6AP N6 EmMfitetHal dRRRYMR xl Sicm ded hbight €S 2 - 5.
Colﬁmcﬁmﬁ@ﬂpl e generated fromthe 5 |on exchange runs
Co nepr cﬁld Padke ﬁilfl])r ugn%\(lﬂt?? rPA ELI SA

abl'e 3: 30 Buffers
8{) §u10 r%tea%f)% ﬁ" %@ %Ool nductivity
%ﬂ& n pH Buf pH 1
Loagingroapesitie phaf- %/81 W 178 O [ 75mM NaCl (non- bi ndi ng)
Equibibaofion | sHC HeH p oM@ 01 8.0 / 100nM
NaCl (non-bi fdi bmﬂw@dl um 3 10.20 Q Sephar ose
Posg |&&d washos phaSenMHt8HELpH $1i6R5hiMMNagl) 80mM Nad 25mM
Tri sHO pH 4/ cBludin RifdEes)8. 60 8. 6/ 25mM NaCl
EluGepbaffase (bi 28thNdYrisHCI pH 8.6/25mM NaCl To 25mM TrisHC] pH
8.6/250mM NaCl
(10 column volumes)
Wash 2M Sodium Chloride
(2 column volumes)

The properties of the different buffers used in this study are shown in Table 3.

The elution profiles for each of the anion exchange chromatography runs are shown in

Figures 2 - 5.

Eluate samples generated from the 5 ion exchange runs were assayed for Protein A levels

in the rPA ELISA. The results are shown in Table 4.
Table 3:

Buffers used in this study
Equilibration Run Conductivity Resin pH
Buffer number (ms/cm)
50mM TrisHCI pH 1 10.74 Q-Sepharose 8.00
8.0 / 75mM NaCl (non-binding)
50mM TrisHCl pH 2 12.85 Q-Sepharose 3.01
8.0/ 100mM NaCl (non-binding)
20mM Sodium 3 10.20 Q-Sepharose 6.50
phosphate pH 6.5 / (non-binding)
80mM NaCl
25mM TrisHCI pH 4/5 3.35 DEAE- 8.60
8.6/25mM NaCl Sepharose
(binding)
25mM TrisHCl pH | - 4/5 24.54 DEAE- 8.61
8.6/250 mM NaCl* Sepharose
(binding)
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25mM Tri sHO pH 4/5 24.54 DEAE-

8.61 8.6/250 mM NaCl *

Sephar ose (bi ndi ng) WD 2004/ 076485 PCT/ EP2004/ 002041
Fracti ons acr ossPETEP2004/002041

WQ@70040CH483li ent el uti on buffer

el ution profile of DEAE- Sephgy
5 collected and analysed in the rProtein A
the results are shown in Table 5.
*Where CV's denotes col umm

wer e
ELI SA;

rPr.otejn A,ELI SA Results:
Ol ebtan Rt
| evel s concentration Recovery
E rgﬂ&vl%aorosetlse?}ﬂavrber@flke of DEAEAzpB@ose Bun 6(Makee nithod) were
wdond epalysetl ighd rPtoteinoA LIS A piha atsaltRure sho®n Semhisle gse
el uate Run 3 DEAE Sepharose 1.72

co

0.73 1.86 85 3.4

"D rProtein A Antibody % El ution

Vol unes

n/m(ng

ose Run 5 (M| es net hod)

Tabl e 4:

[ m

Tablel§: iProlein AELISAERPOGItsRUN 4 WAL C8Fs @nbtes column volumes
DEAE Sepharose 1.55 1.83 73 3 eluate poo

fractions)

a)

(S4rhpre IDVETT
Tabl e 5;: Le\
across the ¢

-y

ot ei

rotd
QTFL e\Raflii rlg

DEAE-Sephar¢
Q-§5phatose 1 py

eluate Run 1

(poot

%\H{ibg

cttTons

'uat e tilacti‘Bns

ap; ng Mbi

1 Elution
Volumes
15(CV’s)*

e |
a

Isgil Pn ea_k og?:a?%ntﬂm N by |

ot e?ﬁ"‘A | evel s AbsbfBance

4.5

Q-Sepharose
eluate Run 2

2.94

1.49

3.5

Q-Sepharose
eluate Run 3

0.73

1.86

34

DEAE Sepharose
eluate pool Run 4
(pool of all
fractions)

1.72

2.16

75

2.5

DEAE Sepharose
eluate pool (Miles
Method) Run 5
(pool of fractions

210 6)

- 1.55

1.83

73

Table 5: Levels of rProtein A in Eluate fractions scross the elution Rpeak
obtained during binding DEAE-Sepharose separation (iiles
Method); Run 5.

Fraction rProtein A levels Absorbance
Number (ng/mg) (Aa30)

1 3.33 0.018

2 0.4 0.108

3 0.4 0.22

4 0.4 0.169

5 2.01 0.092

6 16.7 0.042

7 6.38 0.016
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hi ghest recovery (85% and bf%t cl earance of rProtein

A for this antibody (6A1; pl - 7.5) was obtai ned

under non-bi ndi ng conditions on Q Sepharose using 20

nM sodi um 5 phosphate pH 6.5 / 80 mM Nad buffer

(correspondin to Run 3). Run 1 also showed good
hy étgéwrr‘;ﬁocfslzfo& Y and besh cleprange of Peoteing fordhiswatibody(6AL; pl 6.5

ﬁ?%&s%ta\ft?édl{ﬂﬁ‘a?lf % —Bﬂhﬁlgrcﬁﬂd uggss ?re? e&aix'ar@%% tal%ﬁg |12¢1 aalﬁ sodium

an expecte a non<bi n

phmhhﬂe@lH 6.5 e 8amMINaC1 boffet (t@rraiﬁohﬂfh@yo RinBheReA 1 WEd shbwed
&?2 buff er system Increasing the NaCl concentration
GOQRIFROVEYY (&) dndg P rcﬁeme%hear asvaver thy elutiemyvelump dordbis run

t . .
Wa%lp f‘l*oﬂé{dllfl ?(csr tﬁgF %9%11 %ﬁuﬂpg’lﬁgﬁ? ee n%%ﬁ,estmg partial
retmﬂetwormfsth@hxﬁ&mdﬁbnmlﬁb <td1ahn ift ﬁﬁis lbuffefr 8y sténts IRifedssRthé NaCl
Run 1.is_nore app (grlatefor hi gh pl anti bodi es _and

congraratipndBun 3) resiffedsin; lewpribroteiny %Fleyrau% fgpee the brlensysiem used
in Rﬁn §$a9Midr¥ a ﬁﬁ}bﬁ'la&e BHhi Qﬂﬁ?gl'ys Tpﬁ#?r)legﬁ( B&{ 1?5@? ks obs 3ﬁon that

done at simlar capacitles r esi
theehupler systam heedzb Remtlois mewe tpprepriate forklngtdp]rrgltnhsedlbm dmhﬂhat used in

N C N DA N e —
weBI oDl aCxalilan %a&tiﬁ:@ (7.8 %Ml Rs) Wé%ul@ekﬂéct ﬁ)dt% db1of Js@ this

anj on exchange nenbr ane adsorbers (such Must ang Q

non-hindingapethey amauchchighesisapatit®s. (>i@ mghul)d WS¢ woukhgapedt this non-
kR RSS RPRI TS RE b S b R Fver

addimrati dnidsexehngeanerhieraspplsotdrs @0cH 4 NSas@ Qe Idércdp M fnd
S %Cfé hod Iractlonatlon of rProtein A was
alé‘%é d fc‘?f%‘&é SA&XPerhiHS BIogess én bpmeke applisRblgto lapge scale
f
proUBNR DRl i JHORS bibtholas ARk Lt Rolk M6 B B ¢
had an i nmpact on recovery (73 %9 and even in this

In R B 31 oo, B et P rainn b doserved acros he

malreiedopeak ab shovwdy 8b1dist f C&dhi pb@h@%f' @éﬁoﬁé’?%erefore required to
cl earance and hi gh recovery fo cel

ensuperoof straraned B rpisincAs é’mmdrae lmgas;t ohirgépvieEsa@a e and even in
thlsg%ﬁ% ?fagl%{ g@%gg gﬁ(é(% % %rggcje aso ta11¥ed Wlk%l!l ﬂlenn%%-bmémg me%d. For the

Miles method therefore it is more difficult to achieve good clearance and high recovery for

—

cell lines/antibodies in cases where very high leakage is observed (such as that commonly

obtained with single point attached matrices)

Data from Run § is representative of the conditions described in the Miles patent.

An overview of method comparisons and the data obtained is shown in Table 6, below.
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Data fromRun 5 is representative of the conditions

described in the Mles patent. An overview of nethod
wevpard48dns and the data obtained is shown i nPOEBPB®06002041

bel ow. WD 2004/ 076485 PCT/ EP2004/ 002041 29 Table 6 5

Sunmary of rProtein A Levels™at Different Stages of

Anti body Purification. NSO acc. to Ex. 5 Culture

Supernatant 10 15 rProtein A Sepharose (130)

Congept.r tion/Diafilteration 20 (50mV

Tri OOnmWNacl pH 8.00) (71.40)

Concentration/Di afilteration

Concentration/ D afilteration

(20mvBodi unphosphat e/ 80mvNaCL pH6. 50) 25 (50.80) (46.7

z OS%%&%@%%Q?%E@% ]ééfe%é%qﬁg snoi%&tﬁ?o%ePugiﬁcation.

Tri sHcl / 100ni MNacl pﬁg(gsécgo OmVBodi unphosphat e/
Ml es' G adient Elug'ggs VNaCL pH6. 50)

(50r MITi sHel / 25r MNaCL 35 pRE. 60 to

25r uMrri sHel / 250mWNaCl pi8. 60)  Non- bi ndi ng

Non- bi ndi ng Bi nding 40 *Alll exanples carried out with
7.5 ng/tnl |oading of excManges or [15ing/tnl | oading
capacity: 45 Concentration and diafiltration (50nM
TrisHcl /75m MNaCl 18sdted O%ppharap(13) Exchange Q (<0. 4)
(50mMM TrisHcl / MNaCl pH 8. 00) Not e: Level s of

rProtein re shown in brackets ng/ note that not
Con%énltrat ia%kt&gf%h
(50mM TrisHcl/100mMNacl pH 8.00)
(71.40)
Concentration/Diafilteration Concentration/Diafilteration
(20mMSodiumphosphate/80mMNaCL pH6.50)
(50.80) (46.70)
4
Anion Exchange DEAE (2.94) Anion Exchange Q (0.73) DEAE Sepharose ( 1.55)
(50mM TrisHcl/100mMNacl pH 8.00) (20mMSodiumphosphate/ Miles® Gradient Elution
30mMNaCL pH6.50) (50mMTrisHcl/25mMNaCl
PHS.60 to 25mM TrisHel/250mMNaCl
pHS8.60)
Non-binding Nen-binding Binding

*All examples carried out with 7.5 mg/ml loading of exchanges
or

15mg/ml loading capacity:

Concentration and diafiltration
(50mM TrisHcl/75m MNaCl pH 8.00)
&

Anion Exchange Q (<0.4)
(50mM TrisHel/75m MNaCl pH 8.00)

Note: Levels of rProtein A are shown in brackets ng/mg; note that not all NSO clonal
cell lines supernatants give similar contamination levels of protein A.
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| evel s of protein A. WD 2004/ 076485 PCT/ EP2004/ 002041
w@008/07285 i fi cati on of a high pl Antibody A hiRgI/pP2004/002041

anti body (pl 9.0-9.3) was puyjfied using Protein A

Affinity Chromatography (MibSel ect - single point

attached reconbinant Protein A matrix), followed by Q

pUrH g of anhigh pl Antibedyhr onat ography (under non

bi ndi ng conditions; for renmoval of trace

: | ) .

A p b i S R
(MalhSedept) - stpgieint at@chet rebmnlyinaat PodteinsA a@itrix)] fdbwed by Q-
SeEeS P2 e SRS o REhE R ;B ot o
traéd-domtamihams) i

o Ry ar PP L ap, R aeh AR AP UEPBtography (under
bingingtconditionfor semo vl phaggregaBs).um matri x Mab Sel ect

reconbi nant Protein A (single point attached rPA)

Col um dinmensions 1.6 cminternal dianmeter x 15 cm bed

hei ght 40 Col um vol unme 30 niL Qperational flow rate

500 cm’ hr (16.80nL/ mn) C ean 6M guanidine HCL (2

col um vol unes) WO 2004/ 076485 PCT/ EP2004/ 002041 31

Loadi ng capacity 3Rnf®odiiX I&g)_(o@ui l'ibration 50nM
gl yci ne/ gl yci nate pH 8. 07]250mM NaCL

Mab Select Protein A

l

Concentration /Diafiltration

Y

Q-Sepharose chromatography

YV

Concentration /Diafiltration

l

SP-Sepharose chromatography

Experimental Materials and Methods

MabSelect Protein A Chromatography:

Column matrix Mab Select recombinant Protein A (single point attached rPA)
Column dimensions 1.6 cm internal diameter x 15 cm bed height
Column volume 30 mL

Operational flow rate 500 cm/hr (16.80mL/min)
Clean 6M guanidine HCL (2 column volumes)
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(8 colum vol unes) Post | oad wash 50mM
gl yci ne/ gl ycinate pH 8.0/ 250nM NaCL 5 (8 col umm
wo odounmE$s El uti on buffer 100nmM gl yci ne pH 3. 50PC¢BEP2004/002041
col um vol unes) Wash 100nmM Gitric acid pH 2.1 (2
col um vol unes) 10 Cul ture pernatant contai ni ng high
pl. anti body was purjified on a MabSel ect Protein A
Loaging eapegitic ol werg A8hippttixconnect ed to an AKTA FPLC
Equilibration  The cdmdVitglymine/ gyeinatepres.0250md4Nalhed i n t he
t abl e above. (¥keluant vdlooigs)was el ut ed using 0. 1M
Pogyllyadli weshpH 3. BmMedydimsiglygingle wH 8.0/250md1 BlaCat € was
hel d at pH 3.(§%lath wslimhg§ment requi red) for 60 mn
Elvtibf WufipH Vi rUﬁ)Ohﬂ\@ Iy cnid PP@ 5%t BROnf sﬁ
Vi Eutral I sed tl lﬁlﬁg T(rzlc%l 3[%? ee cycl es
rec

on Protein vvere very was
determ ned by A280nm and i's shovvn in Table 7 for each
cycle. Table 7: % Recovery on Mab Sel ect Protein A
CulBink woperndyat Icenthhllil’@hlgP{(pRaﬁﬁbbdvaa?s p&ﬂiﬁecﬂoﬁi 4 MabSBlect Pfdtein A
fter Protein A chromat ography the el uates

MabSel Ug
ATy oLEm COMIL KnRGTHEd0 AP AK BABLE S56B1. SHhe coeifipep used viere
e T :
as %9“?8 ih e (EME AARC  THe b oL GbiRa BB O efycing i 3.5
Folb:twmg elition) the eloate evetshatdoat pH 3.68 dno/\ad]lhstmeﬂqé)quﬁdl) forormin (low

PH T o aAteP) 2B Breer ooy B et Sie Basty Thre cycles

on Ptheﬁﬁ Peverdi 'p@ﬂﬁfrﬁéd proRIcERCORSY Rak g&Emugéﬂ ?"@2 ¥OAMIRd 2hhown
30 Columm preparation Packed in odi u
ln%?)f@f@édmyc 5 cml hr  Operati onal fI ow rate 150
cm hr (5 0O m/m n) Cl ean 0. 1M Sodi um Hydr oxi de (2

bl Do Be oo pmht Splach Houtiin Ay G urs) a5

Cyelesfumberd wash 20mM Tris pH %.®ecoBeryol urm vol unes)

1 Strip buffer 20nM Tris pH §.81 /2M NaCl (2 col um

2 volunes) Wash 0. 1M Sodi um|kydr oxi de (2 col um

3 vol unes) 80

After MabSelect Protein A chromatography the eluates from each of the three cycles were
pooled together and buffer exchanged into 25m Tris pH 8.0 (Q-Sepharose equilibration

buffer) using an Amicon stirred cell concentrator fitted with 10kDa Millipore membrane.

(- Sepharose Chromatography:

Column matrix Q-Sepharose Fast Flow
Column dimensions 1.6 cm internal diameter x 15 cm bed height
Column volume 30 mL

Column preparation Packed in 0.1 M Sodium Hydroxide at 225 cm/hr
Operational flow rate 150 cm/hr (5.0 mL/min)

Clean 0.1M Sodium Hydroxide (2 column volumes)
Loading capacity 40 mg /ml matrix

Equilibration 20mM Tris pH 8.0 (8 column volumes)

Post load wash 20mM Tris pH 8.0 (5 column volumes)

Strip buffer 20mM Tris pH 8.0 /2M NaCl (2 column volumes)

Wash 0.1M Sodium Hydroxide (2 column volumes)
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WO 2004/ 076485 PCT/ EP2004/ 002041 32 40mL of

concentrated/diafiltered MabSel ect Protein A eluate
woe®oased on Q Sepharose colum at a | oadi NBCT/EP2004/002041

capacity of 40ng/m matrix. The colum was operated in

a non- binding node and the Inbound fraction

containing the anti body was coll ected. The recovery
40rphofdeneendrated/diaftl teaabMeh Sede e Protehi 4 elusteswasghaded dnduSiepharose
columant o biadingedpaniiyerf 40mesel Harian@hé calmmnfwes opbiated in a non-
bindiniginhattyand nhk wibpube frdetéon cvaciningtie Sebbdxpivhdsvllebtedhehe
recbsyl oM dhisi Biep Gias 69%(byhﬂi861 This {94118 ﬂdbvér'%l@anﬁ%%&n&ﬁﬁlﬂe? these
coritiBs £510h]sQiPEHy AndaRRAEOSR lﬁmcagaév

hgaﬁ %of qﬂ?d volléme due
to LPRY P@S&%ﬁ@%&ﬁs@?@%ﬁ??‘g@éa@gu. [ Cbration boffer

Fo IW ngl Iq%fm ARS ata?qgr@l&% g px}JaS:S ntnrated to 13.98
mg@ﬂz digfil} greéf quh atjonbyfes@SmM Sodlum acetate
PHEA s S hrsjng %chmﬁlm%cpﬂ fitteyl withHAKDe Mitlipore FI ow
Ultesiligratiotimesiymms 1.6 cminternal di ameter x 15 cm bed

hei ght Col utm vol ume 30 ni Col utm preparati on. Packed

SPL 1S ephla s SCh Edmklto pRe: at 150 cm hr  Operati onal
fTow rate 100 cnihr m_/rrin) 20 G ean 0. 1M Sodi um

Loadi ng capacity * 10 ny
1 eﬁﬂ%?ﬂ:i ﬂﬁ% M Sodi pm acetat e’ pH 5.00
52 g ag X Bon bedbiciehiash 25
5.00/25mM NaCl (6col um vol unes)
Colenmrewraztmvl Ra@ quoabM Sediumgirooide 860 ot
Op¢ratiensl fow ratsl 100eny/hr B33 58al/minbuf f er 25nM Sodi um
Cleaget at e pH 5.IVMABddacHy(Roddeui@reolimhnivaames)\Vash 0. 1M
Lodsej eapadisdr oXitdeg (i8] mefriym vol unes) 30 24nml of buffer
Eqeisladeged Q SRR St lab@he prhes. ob%@kﬁqml sbbﬁmn volumes)
Posﬁ%a@%ﬁr 0se TRhMMNThdidh a@etél% 5‘90@
EfBA! i X. The Cﬁ %ﬁlﬁn%? £fls b@/lgﬁ b@ 2'39 ﬁn‘mt ﬁlmes)
ected as frac

el uate was co I ons rac IOﬂS across

SR e a0 i S SR T BOX ) ol tymes

Tabl e 8. Sanples follow ng .each chromatography step
Waslere col I ect Ul Mrpdama Fyderidede cobiet elHmes) esi dues,

results are 35 presented in Table 9. Table 8:
24t dodencahmged -Rephiross chifatewashoteddnto Het 8B+Sepharose column

at aslg)gcﬁng capacity of 10mg/ml matrix. The column was operated in a binding mode; the

eluate was collected as fractions. Fractions across the elution profile were analysed by GP-
HPLC to determine aggregate levels results and are shown in Table 8. Samples following
each chromatography step were collected and analysed for rProtein A residues, results are '

presented in Table 9.
Table 8: rProtein A ELISA Results after each chromatography step

Sample ID rProtein A Antibody

levels(ng/mg) concentration
(mg/ml)

MabSelect Protein A 2.64 46.7

eluate (after conc/diaf)

Q-Sepharose eluate <4 8.10

SP-Sepharose eluate <4 1.79

pool F(1-16)
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Sanple ID rProtein A Antibody | evel s(ng/ng)

concentration

(M9/m) MbSe

webwanes4gnf t er conc/ di af) Q Sepharose el uat e <BCBERD04/002041

SP- Sephar ose el

2004/ 076485 PCT/ EP2004/ 002041 33
Anal ysi s of SP-Sepharose fractions
SP el uat e pool
F(4-6) 1.10 2.7 SP eluate

Aggr egat es Abso
0.57 11.2 SP e

uate <4 1.793

rbance (A280)
| uat e pool

|l ect Protein A 2.64 46.7
pool F(1-16) WO
5 Table 9: GP-HPLC
Sanple ID %

F(1-3)

ngﬂ%?:':@l’@ll’l@@ﬁaﬁﬁis oBRIESepharosefiratiénd 2) 2. 12

1 SP el uat

e podl

F(13-15) 2.56 0.208 10

+

Conelgston—+Fra
Saam‘?% step elu
4. Wth the aaga

Ton—of =

q,/ g aﬁ?e an

Ve A2

SPlchuate pedF (138 t

t 0 non-aggr egat

ai | en8-4f the
e 15 containing

Pt

Bl ut i bh peak)
fractions

observed
see Tabl e
uting

conpar ed

The tail

SPdlaat poslE (4 b
99% nononeric p

c omi ttld® from
bol and still h

t he m&d’h pool
ave high reco

to obtain

very

SP(Segﬁ’a?é/ ool Fplog 4

- Sephar ose’ el

“Fract pgyyat 1 on
Ut i on peak for

pof agpésEpat es
hi gh pl anti

across the
body 20 12

SPelugip RRpgLh L)

Z OVgSJQgI‘ (S]9]

ate -

SP eluate pool F(13-15)

2.56

0.208

Conclusion: Fractionation of aggregates was observed during step elution of
the antibody peak; see Table 4. With the aggregate enriched fractions eluting
later (on the tail end of the elution peak) compared to non-aggregate
containing fractions. The tail fractions can be omitted from the main pool to
obtain 99% monomeric peol and still have high recovery (>95%).

Table 4 Fractionation of aggregates across the SP-Sepharose elution peak
for high pI antibody

12

6

b
o
@
o
=
o
il
3
Q
[\
>
N
o]
o

- 1

7-9 1
Fraction Number

0-12 13-16

2.

- 0.

5 30

% Aggregate

& Absorbance
—e— % Aggregate]
40

5

5
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WODMERE04/ 002041 34 Clains 1. Method of puPCF/EPINGH002041

an anti body, preferably an I3%G ant i body, conpri sing
the steps of: 5 Purifyingan antibody by neans of
protein A affinity chromatography wherein the protein
Ais a native protein A or a functional derivative

Cldihgr eof, Loading the purified antibody on an ion

exchange materi al under conditions which allow for
bi nding of the protein A or its derivative and 10

PR A A SRR S e et

nost  pr ep@ifingancatibedt byngeats Ifpasttin W YiHityldifomaoBEply
of antibody | oaded onto the ion exchange material 1n

t he f| owwhemmingheRratgin ¥his aingtiveRiokein gedr afynetiqnahderivative
cont am nﬁ‘x%[f protein A is bound to the ion exchange

mat eri al 8%2. Met hod accor di ng to claim 2,

char act eLoaksk the pufifitd hitgbody @h@h Roretchaded &AM UdABL conditions
protein A that is engineered such as to allow of

si ngl e- pyhich allpwdenkinding of thepretsinudner itgdedyative ango 3.

Met hod a ring to claim aracterized jn..that the

r ecorr% [ ngﬁﬁe‘%}-l %tgheei aﬁm O(g%r%?zflérs?‘gg' < e%tyusg[aéﬁ?%{ Wi pgre preferably
am no actdllcsgrigriest 36, MoktRefcAbocddictlng & 16ds000P6Df the
characterized in that the cysteine is conprised.in a
segment RNt of aatikody lepded pato the jongrrchgneg anaterial én e flow-

the Ctepm ] ;) aagw f

r ecomnbi n%&gﬁgﬁﬁ f‘gﬁ%{ﬂ?ﬂ@%@t@@gﬁagé@or [ ngq)? (%e@lﬁélgrﬁ%él,n d to the
char act eionzacdhange nfaédrial he r econbi nant protein Ais

attached by at least 50 %via a thioether sul phur bond

to the chronmat ographic support naterial of the

. Me@icdiadchdslth Biati 2 BE:LAREPRAZPMGt the protein A is a recombinant

protein A that is engineered such as to allow of single-point attachement to a column

material.

. Method according to claim 2, characterized in that the recombinant protein A comprises

a cysteine in its amino acid sequence.

. Method according to claim 3, characterized in that the cysteine is comprised in a

segment that consists of the last 30 Amino acids of the C-terminus of the amino acid

sequence of the recombinant protein A.

. Method according to claim 3, characterized in that the recombinant protein A is

attached by at least 50 % via a thioether sulphur bond to the chromatographic support
material of the protein A affinity chromatography.

. Method according to one of the preceding claims, characterized in that the protein A or

its functional derivative is reduced to a concentration of <Ing/mg IgG in the flow-

through of the ion-exchanger.
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characterized in that the protein A or its functional

waleriswa4Bye i s reduced to a concentration of <ACEPIY04/002041

7.

8.

9.

10.

11.

12.

13.

14.

IgGin the flow through of e ion-exchanger. WO
2004/ 076485 PCT/ EP2004/ 0020 35 7. Method according
to one of the preceding clains, characterized in that

Methadacordingtia apeef the peaseding shims.charagierizedsin thastthroidn
rding 10.0 e preceding clains,

%ﬁ:glfg%&e é%nzagny?%cﬁ%“gept he anti body has 5 a pl of at

| east 6.5 or above. 9. Method of purifying an anti body

conprising the steps of * Purifying an antjibody by

Methed ageorgingtte ppe ol the praseding ehain etgpmed intthatdheantibedy has
[k ' ive protein A or a functiona

%éfé@%tl?@e6'§ﬁg?eo , 10 Loading the purified antibody

on a first ion exchange material under conditions

whi ch al l gw.for binding of the protein Aor its

Misthodafipyatyingg sgbofly, gompesipg theddapy ofpr ef er abl y

SRy SR o 0 RO DA G ) i e
of profen Anieumktied pro®eitt Al dyfuh@RaeldRivhtvd deréddn

exchange material in the flowthrough of the ion 15
v x digadigs thepyrified agtibesbytana fieshionsxehasiga material padai¢onditions

t ' [ . . A purifying the
ot HiUBH TBPOAGTRE Bl Rprein K40 it St P UL 9110 L00

€@ Celavting theihtibady) pregetablylddlledtiigha teasCT%6,dhéV8 préfebBi M

9, cgar,acteri zeql) inthat the first ion exchanger is an
anflsctingatdeast 80rg cmost prefergblyesilegiingntdeash 4% ob the amennipf
10 . - ot i

bRy BEES b By Rl fnafaisl BORY a0 ABh o Inetbn

1 Ogxchhmagea ethist wadtdonnadiaprotedie As isdmndd iothe dxchahgere material,

a ,catiqn exchanger. 13. t hod accordjng to claim)9
£ AR Burdher PRI ok alet%hqﬁl@A@d%ﬁ%ammq%wselutmg it from a

ess%%gﬁd%?@ch goneric, non-aggregated antibody. 30
14. Method according to one of the preceding clains,

characterized in that the antibody is a nonocl onal

el orlpSuS it et Ayl Yool Soa e doyramion

exchanger.

Method according to one claim 10, characterized in that the antibody has a pl of at

least 7.5 or above.

Method according to claim 10, characterized in that the second ion exchanger is a

cation exchanger.

Method according to claim 9, characterized in that the purified antibody is essentially

monomeric, non-aggregated antibody.

Method according to one of the preceding claims, characterized in that the antibody is
a monoclonal antibody, preferably an IgG antibody wherein the IgG antibody may be
chimeric or CDR-grafted IgG antibody.



10

15

20

25

WD 2004/ 076485 PCT/ EP2004/ 002041 36 15. Met hod
according to claim 14, characterized in that the 1gG

wa@nioitooddys i s at |l east in those portions of theCT/EP2004/002041

15,

16.

17

18.

19.

20.

anti body that are relevant f binding to a protein A
preferably in its Fc portion that is relevant for

b t f bl th 2-Cy3
et songiﬁotsﬁ %mqﬁgg e A ot e T8 ga bgtvah et n
f ﬂfosep &Itl‘?)hé"oﬁhe LS %tﬂha“‘t BRGcRYan f0f B@Hﬁgqgg#&ﬁp A ptreferably in

subclass origin origins allow
bitmH¢ portioo that it elavantfor bihBing N protein s aord pf@efablycih &lem}yZ Cy3

15 har acter in that t gG.anti body, i s seI ect ed
GHOCE R DL SRSt e RIKAIE S GFor LR At Sigespecies
e

R bt

tAe antibody is harvested froma cell culture prior

to purifying the anti body by nmeans of protein A

affinity chromatography. 15 18. Method according to

CWtKBdlaz:coﬂﬂ@’t@%la%ﬂ l%e%drébtérﬁéﬂ 1ﬁ it ﬁﬁtlgé%ﬁbé%s I%elected from

harvested froma nanmalian cell cultur
athegralimepnipristighiumanigoi , Togi2 anda{g@émth regerdito thehiat partien of the
anttlbbﬁdy that is to be 20 purified by neans of

p?lb A affinity chromatography is not treated as to
|nact|vate prot eases, preferably is not in adm xture

wth at |east one _protease inhibitor. 20. Method

aMshodi asgondinedp slaimild, chamsterized in thatithemntibedy is harvested from a

cEcl R bt B gl R BRI by e BB A ey
celwmapatwigeaphyi d, 25 and a reduci ng sul f hydryl
compound.

Method according to claim 17, characterized in that the antibody is harvested from a

mammalian cell culture.

Method according to claim 17 or 18, characterized in that the antibody that is to be
purified by means of protein A affinity chromatography is not treated as to inactivate

proteases, preferably is not in admixture with at least one protease inhibitor.

Method according to claim 19, characterized in that the protease inhibitor is selected
from the group consisting of PMSF, a proteinase inhibiting peptide, e-caproic acid,
and a reducing sulfhydryl compound.



