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recombinant proteiﬁ and process related contaminants such as host cell proteins, media
components, viruses, DNA and endotoxins. While various protein purification schemes
are available and widely used in the biopharmaceutical industry, they typically include
an affinity-purification step, such as Protein A purification in the case of antibodies, in
order to reach a pharmaceutically acceptable degree of purity.

Despite the advent of advanced chromato graphy and filtration methods, affinity
chromatography is still often employed as a capture step to meet the purity, yield, and

throughput requirements for biopharmaceutical antibody purification in order to achieve
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process. The purification step of HPTFF, which uses a charged membrane to separate
impurities (without limit to relative size), such as proteins, DNA and endotoxins, and to
eliminate protein oligomers and degradation products from the mixture containing the

antibodies, was essential to achieve the final purity.
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SUMMARY OF THE INVENTION

The present invention is based on the unexpected finding that polypeptides and
proteins, in particular recombinant proteins such as monoclonal antibodies, can be
purified from a contaminated mixture comprising the molecule of interest and at least

one contaminant, such as host cell proteins and other materials such as media
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Thus, in one embodiment, a method of the invention is directed to purifying a
mixture that contains a target protein and one or more contaminants by (a) subjecting the
mixture to an ion exchange purification step and a hydrophobic charge induction
purification step, where there is no in-process tangential flow filtration step, and (b)

isolating the target protein.
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As used herein, "protein” refers generally to peptides and proteins typically
having at least 5 amino acids or more which are linked together by peptide bonds. A
protein can be an antibody, receptor, ligand fusion protein (which comprise at least a
portion of two or more polypeptides that are not fused in their natural state), etc., e.g.,
see US2003022921 and US 20030166869 which are hereby incorporated by reference in
their entireties and which list various proteins that can be purified according to a method
of the invention. Polypeptides can be from any organism (prokaryotic or eukaryotic),
particularly from mammals. In addition, a protein or polypeptide purified according to a

method of the invention can be an antibody, fragment, or a variant thereof.
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naturally occurring mutations that may be present in minor amounts. Monoclonal

antibodies are highly specific, being directed against a single antigenic site. This is in
contrast with polyclonal antibody preparations which typically include varied antibodies
directed against different determinants (epitopes) of an antigen, whereas monoclonal
antibodies are directed against a single determinant on the antigen. The term

"monoclonal”, in describing antibodies, indicates the character of the antibody as being
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(ﬁgglcﬁ%ii&gﬁﬁ& p(agtgﬁlia) aniﬂlhrdlya;lﬁt oghubcla!;s I\v&sfble tlslBgdgganzcgﬂé of the

: : at ent S
%‘ %53 ﬁ ’%%@8 %mz%twesp@@@lgmue@e@wfbsdws
cférﬁliz@ frlaﬁ?anoﬁleg §1’§bc¥§ ¥ b@loﬁgﬁl%qf ﬁmotﬁeélﬁﬁb&f};clas@ E%@Jcﬁsg as well

915; and 6, he nonocl onal” anti
a@égxgmen@daﬂsedemlbpdms wd éoﬂg:éh;l threy extibia fint debiverbiribloglal activity

@ISR NE S b Ef ProBR¥olyief B cBrop, sl &t 094 s1:6851-6853

(¢9$4)933ﬂ@ﬁ1ﬁarﬁgedﬂ Q&W&Q@nl}ﬂlnﬁaﬁt(b%o%lﬁﬁle‘ﬁ eritinoRAchsfaf ORiReric
rticular species or belonging to a particul ar

%ﬁ bodissyhichgentay minimel sequenceetived ﬁi@rnrr@nﬁlumerlmmumgl@buhn
QuS
(SARGRL 5, AR ol A DO 0RBeh S i
aatibddydrin sybiati the hgferﬁ&iabl’bgle@gntr@sldimstolﬂﬁ{e ra¢ipieBpsly redlasd by
or suhcl.ass, as fragnents of such antjbodies,
hé'aewvaﬂ@blge&%sﬁsﬁ%ﬁ fspm ames- WaciBt Glopgy aibody) such as

Iﬁ&IS'G Viat g‘%ﬂﬂﬂ o no%ﬁmawnmﬁe%g%gq %@g% Q@éé:g%ﬁf(}g 6@1&1)11‘.?/ and

, Acad. Sci .
Capﬂmia'nhzwﬂe ihstaness,Jfv fiamewonkangipe. (ER) residoesef)the human

.antibodies are chineric anti bodi es which caonta
g o8B B oS B ProoR RO R ifEgh residues. Fithermore,
Hufiaied l2atibddiss miPéonidifie 'f@s%due@ Qsﬂhch BemBNiARE in the recipient

ant i bodi es are human i rmunogl obul i ns (reci pi ent
antibody or in the donor antibody. These modifications are made to further refine

antibody performance. In general, the humanized antibody will comprise substantially
all of at least one, and typically two, variable domains, in which all or substantially all of
the hypervariable loops correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin sequence. The

humanized antibody optionally also will comprise at least a portion of an
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anti body) in which the hypervariabl e regi on residues
of the recipient are replaced by hypervari abl e region

wo e®odues’ from a non- human speci es (donor antiPody$2006/010412
such as nouse, rat, rabbit or nonhuman prinmate having
t he desired SpeCIfICIt affinity, and capacity. In
lm@qg}@uhn@elsr,starwegwraé@Mmcalbguhemﬁaimmmgmmlqwhn For

e WRR ée’é‘%@e%%t qp ;jllét{l‘]ﬁ%rz‘i 5r2‘§p§%3 L@gﬁj Y 0” Elgture

non- hunan’ r esi ernore

3B2y3266809 (1988)f &ifd Phiesta, Gdii.abp. Bteich Biof. 01599-596 am)
reci pient antibody or in the donor antibody. These

modi féRiEeris s hamanizedizntibgdics £ithbe picpiicd basgdtangbelsequence of a
t b

B B L e
dndpigbtitham tmmuntvgobuﬁmb earlberabtasied iftommhic eiuritlelhybridoma of interest

bst ant i all of the hypervari §b| e | oopg i .
a&larepg@s%rﬁ t? OTHHB L8N FHUTEC G L HEHRAR) IRHRIFEZIO BN foquengs using
s@éﬂdaﬂf m§}é9§lﬁﬁ5‘ﬁ)lc%|ylté/chﬁ le®f FBP@xaﬁgplé §91RAR zﬁ&ﬁmglgé’ aftibody, the

human | rmunogl obul |n sequence. The humani ze

mmm%mbmgmnatawbedhé@dm hlhmamnqznst@ermonlseuamg naethods known

rti of a oghobyl ns r jon. (Fc), .
B B2 e SCR RGN 1P ARG GABT AL Pt Sl agmnizea

dheibady, She ﬁlﬁﬂné ODBSregiondban bé\Nakete idedla ﬁﬁﬁaﬁﬁﬁné\ﬂz&&@smg

Ri echmann et al., Nature 332:323- 32%@%1988 and
pethedssknomy in thepyt (3se egotU-SEPasent No. 5225538 tp ¥éiger, and U.S. Patent

I 5 BRATBEN. [ ed based

Ig%r;g ?%gbgg?hse’ﬁcé of’ ng@rgfﬁa]:&r?gg(éblggt onal GQI% it é

prep aﬂminalsoa]kﬁmd: amtihadma desceibedhiéyenalalinomde hlauhﬁﬁ'\emtibodies,

%ﬁgh ai n. i munogl obul i ns c n be ogtained from
Whieh fat ‘?1’é‘° boIB HATQIR SPWECEh dalidiRg ee%rg fradheblopd of 2 human
2BBA A r P dbiA Ty PRefafe using fA4H1EB 8‘)10 l Ldhf such

sequences usi ng standard nnlecular I O ogy ni ques.
trosgaxampine]s incuds BM-dausch(eddrex, dnd.j Probeton; Né) which hes a
var| ble re pns_can Iinke t. 0, human const an

eite "y A RReR S et iR a R S8Rt ses WO
03@43%1”8) Nanotho84d®. @@éeﬁ& lﬁabFHnYmﬁ CA2ldederiblQ i€, eeggt@ .S2Patent

hurmani zed anti bod t he murine CDR regions can

Nofs 8988F9R 0.7 218k Fekd 4598 nevis0Id 8&@%@ 1621963 de Kiuglasatapiti ez al. )
P
S SR e ELEN ) 5 T8 90

@z&&s@&lh&l@tﬁ%7 1805;3TMent O, LUEEORY I;&karn)atzoﬁ&'l@mmunology 5: 647-
naI l bg?gdles descri bed herein also inc
b

O%ﬁ“t‘iZ SProgriNeh 4cad. b U%PQQ@&%W%%W rfbfl(s(1993)
ﬁ&H%eC@ézezﬂcmhtﬂﬁ“mgv cﬁe Voerhl i@dsg eApB 0991 2328 B3 hailion ef al.

patient or reconbinantly prepared using transgenic
(2999el SumirentiZe2018F2%0cFatlon s gerli (1994) edrsational heeunology 6:

S Sl B 8% 06 DS A0 ML
Nés283a5/30875 96%8153 8%529@26; 5,633,425; 5,789,650; 5,877,397, 5,661,016;
5,814,318; 5,874,299; and 5,770,429; 5,545,807; and PCT Publication Nos. WO
92/03918, WO 93/12227, WO 94/25585, WO 97/13852, WO 98/24884 and WO
99/45962, WO 01/14424 to Korman et al.). Human monoclonal antibodies of the
invention can also be prepared using SCID mice into which human immune cells have

been reconstituted such that a human antibody response can be generated upon



02/ 43478), Xenonouse(r) (Abgenix, Inc., Frenont CA
described in, e.g., US. Patent Nos. 5,939, 598;

W@ 20651@81; 6, 114,598; 6, 150,584 and 6, 162, 96BCT/US2006/010412
Kucherl apati et al.), and HuMAb- Mbuse (r) (Medar ex,
Inc.; described in, e.g., Taylor, L. et al. (1992)
iNgBIE Fagionc iSesh méescare dpscribe® 26 forgRempleChieh Pagent Net. 5#76,996 and

ati onal | nmunol ogy 5: 647- 656; Tuaill on
é%&@?éﬂ(&ggg Ao Natl . Acad ScL USA 90: 3720-3724:
Choi “Hiie tetm "hyROriabltrysion'Genetd fsdedecdbelifie hddhio 4@ fbsiddes of an
et _al 1993) EMBO J. 12: 821-830; Tuaillon et al.

2{1111@9@)} which|ageggpensibie; @r@g&g&r@@g@mg'rgyp bypervarighie gggion comprises
%ﬂj%ﬁ 4id J%@Ee@ Hdn? P%czr&%@%% (}egergﬁlzl?% g%% r} ooy d'CPABH (ie.
lﬁmﬁum 34/13), Febe (L2)Nad 899 75943) 80k lightdRiBvdriable domain and
21’ 2%&{%)286 68 (HA st 1G] 1 s heay i 18y domsee Kabit
o o R A et dl g g ey Sprvice,

Wationahmgtitutes demhh,eBeﬂa@ssia MEI(1an1 rendot thiosd residues from a

A RHE R it restt R A2 D B R PR LSR8 B 8 Wi

d}gﬁpmiabtetdoﬁﬁlﬁmm B2(H®), BamBTHaNAdPSLY 01 EIPORTE: Hé%t'i}y chain
ener at ed_uponi nmruni zati on. Such mce are describ

Yaﬁlag n@%a@ogna endsLesigh Mal. Bigd . 196: 9&)‘1691@(@9&7{'))} "Framework" or
%}@%@sd&g atfth dé \?aq{lng‘et dofiln!labn ;re{l ubEber M ﬁ{ Y g %ﬂg%le 6?g10n

region’” 1s use & ani no aci
Iandwstl body which are responsible for anti gen bi ndi ng.
The erv ri abl e region conprises _amno acid residues

fro m Fedirdhit tor Vomuneadhesin ndesiangles putibpdy-ldgsrmolecules
Whick coﬁlﬁﬁk %&e'%n?tﬂng’ 601{151111)' of 2 geéﬁ)lééo%l: a9+ p%)zlflgn l(g’é a

in the light chain variab omai N~ and 31-
150ep6, liginyd carrerizy@Be)oizh (liel&)”febmr ﬁhwuhmﬁanahmnmlogmbuhb kenstant

SRR oSBT Bl Rl uFuoneF BHSTRER Mo ) £ ARl o aci
J¥gtidned Hithl thé téirel %di’lfl% m@iffch vBgiHe Se Ry tVR- thé 31%%13)1 Yecognition

and/ or those residues froma hypervar| abl e | oop

qnid bindipg sitegadgepaeopgbining pite)sd-ag 2n{ibady (ads Qllet%k(gIQB$") and an

B b Bl e TR o Skl oo

sdquemica in {Ab dhhivhoadtdsinds breifera‘tbl’b lderi®dfrom 49670 02 v# hdavy chains,
or residues are those

%@8@5@0 o am%g%gnaaéé hese Frefonsicam be Ratifighly Prateing e
ARSE0GER QU e RS NAD 1S ), et
(mhlbc pudtebacverding td' mleﬁnddmgf ttlo pedsent mﬁenaoim et er ol ogous

“adh e’lsher}emgJ b ?gta%ld rl]ongdemg('] domam" refers to any native cell-surface receptor or
any region or derivative thereof retaining at least a qualitative ligand binding of a
corresponding native receptor. In a specific embodiment, the receptor is from a cell-
surface polypeptide having an extracellular domain which is homologous to a member
of the immunoglobulin super gene family. Other receptors, which are not members of

the immunoglobulin super gene family but are nonetheless specifically covered by this

definition, are receptors for cytokines, and in particular receptors with tyrosine kinase



receptor, ligand or enzynme) with the effector

functions of an i nmunogl obul i n constant domai n.
w®eeoeataeral |y, an i nmunoadhesi n conpri ses a fuRCDOSWNG6/010412

the adhesin am no acid sequence with the desired

bi ndi ng specificity which is other than the antigen

JeHyBY eespnT txeaing kigisery, wpmbers ghthedematapetstin and nsiveeggrowth

L €., 1S T g us;.) and-a .

AlioEReBbL ABMble, aldoll L EASL BRI RS- and P sclectins.
i nuriDigd tekw 'ieBeptonihding ddanhi"rs 8edue designabe ifenative ligand for a
i mmunoadhesin is preferably derived fromg | , g2, or
TgoeRRIaIAF Ul G54 adBesieremofReHice LI RBY I eeon ogsTIvalivRyok sek ative

e G e T T
1i v fBlzisl Hefiition, atong etipus, ispeficalydnelddesdindingredduentss dlom

t he esent invention. The term"ligand binding
lb@ﬂﬂgf‘?r%}ieeaft@?’%meﬁm%‘iﬁ THSERIPE- cel | - surface receptor or

any rLg"iibedy-HemuMeddneSinchBR&ERT cdrffleDh Rh1&k1d ®8Rh cBmbines at
gualitative I'1gand binding of a corresponding native

least epe bindingrdomagpeitinf antibed Gasiberam definted) withepieast drs

A A

dhiirera® gteaheibispoctfipE€D4dR GecHiABtak MescibBEn B&SRPROIENAS (USA)
of the_ i mrunogl obulin super gene

whi ch are not nenbers
§oati 235+ B (1 241d and hbemeres 8l shdenmmehl p3:48ey €986)- by
thi S.ﬁ?{\éeﬁ'h(efeﬂp 2 "Hiktul S sSs éﬁgelyﬁéi)ttﬂ% 'o@ﬁft(ler\?lﬁgsorl%ich

particul ar recépt ors wt t'yr osi I"naseac
Hurdiceiois desired3 ankoké oraness)contarithant si.eofimiphsties. The mixture can

henat.opoi.eti.n .and nerve growth factor .receptor . .
& RREPSAiToU o Dot oFll R AEEEPISHY Fro s e Polpgptides. Without
ihten@RE t16°bd LiFMHRS bk A8pled BEMLRHMAS tHaE Eﬁ%%mﬁieﬁ%’g@&dmg to a

domai n" is used to designate any native ligand for a
methedppbihe praseitunyengion ehdludedivesistad artliceltudedbiid, @ell @nifure

4B 8uling BhNBbed Ry B DeBFelabf o gl [t fosheRq "pariany
R@¥1ea'S B WhicAdy bevhisviBjcticdand chrmjia%odgéﬁaiﬂyrﬁtéﬂ, €%, AL ity
others, specifically includes binding sequences from
th@aﬁegraplgy, affipaty@edmatesriphniel Adeeplidmed mipture” is a mixture,

rant | [ ' Lera | Ses.a cul e .
e RS P LR BB RIS v
camttihbd dﬁ}qﬂeéﬁvdﬁ?bﬁ bg s?ig'éd:tg@,dhe mﬁiﬂnreetb dlne a8 ino@hef buffer exchange,
| noa 1.n defined_in this application). .
BB P I EHOP S B U omESR 1o RP e Faiha P dndior conductivity
| 7 1 ,
SR A SN 50 i Bl
‘comditiohed MBBrd 268 {c19ed Yo stasdandied ldadingicondidotsontd tineefirst

' | tid foi. t, (f.or. I.ch .
B EEn Cr it B oo amybie cdt bo g e ious
sep&atiorl MPAHsWdlESrowk i@ tHE ¥t . €, BRPhysically separating dead and viable

cells from other components in the broth at the end of a bioreactor run using filtration or

centrifugation, or by concentration and/or diafiltration of the cell culture supernatant into
specific ranges of pH, conductivity and buffer species concentration.

The terms "impurity" and "contaminant”, and grammatical variations thereof, are
used interchangeably to mean any material, other than the protein of interest for which it

is desirable to have removed from a composition containing the protein of interest.
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be obtained directly froma host cell or organism
produci ng the pol ypeptide. Wthout intending to be

wo pevbt1102g7 exanpl es of m xtures that can be purPCT/USH06/010412
according to a nethod of the present invention include

harvested cell culture fluid, cell culture supernatant
%ﬂa@@ﬁaﬁs théwkdb@tem nefimitedeios amehinteginat madxomokecutessuch as host

%&ot@?@ &Qge@HCﬁ% l 888" tlflér?lgan tﬂ bo%eln Hgﬂ%{%{??‘%{ lg]lfcg?}c acids

ubj ec raphy step
(e far, OMA agd BNY), lipids) sfat:cthandbs“ @ﬁ@dtﬁﬁh@ ﬂﬁh‘tenﬁbﬁ oth@r microorganisms
condltlonegmxture is a mxtur g.

SEel pLYRESk Biseiarqmmenenthand RRY Hﬁé@tﬁll@’ptbéb& pard %f & a@sorbent used in
cﬁﬂﬁﬂﬁ@ﬁx‘a PR SR ARG 0 452 e lgl?lg%_m oﬁ‘llajii% gﬁﬁ}(? Wi W Tike.

by subjecting the mxture to re o
excharggermal' prutemasf ineadst" additdrpeiprotpid" taid usal hxﬁarchdingeably to

ratl 0 to set the pH and/or caonductivit
rhh bl 2 REPER R, 5 B ARR o o W i ieabtd to pity

ffdﬁﬁamkﬁﬁw&tawl of'cprhe‘[ﬁﬁﬁ%fﬂi% rEQAfLLARGI M xture”
can be used to standardi ze éﬁln conditions onto the

fi r stThetierondhostredipgted) Qm'iHCIP h rq"emeo ahy oﬁthmpxdtenne dedwed from

tﬁeemggﬁ)g &1? ﬁin& 51?&1 g)gra\-/gerl ugasﬁ‘%rﬁ@g ﬁggtclrag qgaénegﬁr)}gis\é\gﬁleaggat protein,

irciadivig aby protehd éi(pfdfsﬁdfﬂ Rbhahe SRR EhShod célD6r ROREAS tBht are
the end of a bioreactor run using filtration or
ROy fpisEsedoRndayhich Attt carsiémedie tget protein. The host cell

ta
T T N 1 ST —
(egn €310 nad nonne Fyeloter vedl 1Tdespucth 4sWNSEHNGIsER Bﬁ]dt@diﬁl,n;ﬂb]ﬁt and yeast
Ilons t hereof, are_use

t
C?I%B?Sc i “lylﬂléglrb %Pnéﬁ%}ﬂwa{lwgn, the " s Ghinesehamster
oﬂﬁ@ﬁc@ll?r&fem" r@ CERIP QhicMtefdis idan | ng’?es}L JsBldi rB%irﬂa(}lﬁCP")

renmoved from a COITpOSI tion cont al e pr
dervest %@m aSrinesmhamstes ovary |(U@EQ " beed] ulteren cthel H@P isestesent

By LAy Bt G B badielit R Rbamertpd cell culture

ﬂm[(D@"E](]'CR)'ﬁ] thioﬁr(ﬁﬁialnsﬁldé btdin 3¢ irflSredt® The amldlt FIECP present in a
RNA), |ipids, saccharides, endotoxins, bacteria or

HB{‘Wé? CORSHes Hjaetenaf i @@mﬁst @smyé@sat measueti thh@df;gycﬁewﬁwmy for

R P s B PR AN e

ircpartsnpeet ngﬂm)p hrg/latmmtd thé ambinkt&bf tHdyerotedd 6T infiast & e Alixture.
i nte rotein' are used

d
inte E‘E ‘ﬂﬁggﬁtﬁlp‘?’{i’q&é‘? rOTt BPIR" Bregtsed mterghangsaly hprsin to refer to
a@@éﬁ&xﬁe o?pﬁmty oF @h@ﬁl{)‘[eﬂ?gﬁmé‘r%‘i R\Qﬁﬁ&!‘b eﬁh gleosf'ftﬁ%?lk/gnt oh. The

purify froma m xture accor gtoama
u@lﬂ%m refentpdhe igount T ElGRimmahhgsmsheillilitpr dr kotéin ofinterest in

d d h
ey T s b et R D By o 2 fsomesdm e Feample
iR HEXPHraSEISOP AE/miIF(6teilb LR &kt rﬂgﬂﬁ ﬁdWTlQré?tﬂé( gfcitelns are

proteins expressed fromthe genone of host ¢
dlafstbtsgq:}hg,s hyhxephiligation, ppm refers to (HCP ng)/(protem of interest mg).

The term "purify”, and grammatical variations thereof, is used to mean the
removal, whether completely or partially, of at least one impurity from a mixture
containing the polypeptide and one or more impurities, which thereby improves the level
of purity of the polypeptide in the composition (i.e., by decreasing the amount (ppm) of

impurity(ies) in the composition). According to the present invention, purification is
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reconbi nantly expressed, and which are not consi dered
the target protein. The host cell can be any cell that

w0 2006apebt e of expressing the target protein, PCT/US2006/010412
particularly mammalian (e.g., CHO and nurine myel oma
cell lines such as_NSO), insect bacterial, plant and
Rratosned ayith twomwg-affipityclyametogiaphy stappeed ne ht-protessAFF steps. A

| ean, - ' " (hi er,_avary cell
OSBRI e ekt ipgonlch Bn pEE B BLOIT R R el
aaiosisioatvetitls cqutiiPlcys then il 0@ gpfivTdQP anChioha sy NaBhAr90 ppm,
ovagﬁ%" CHO? cell _culture. The HCP is present
BP9 prs eaw?%ﬁg PPy Jst than 0@ pp gss thea Soemiydess than 40
C I [
R P Cppr I RARNE S BPpr S b b Rb, b1 Bulihan 5 pom HCP.
eddfy FICBAresent in a mxture conprising a
protejn of, .interes r,ovi d a neasure of the degre
o *putt BFASTEISBE 5By ol af Fanuticayisiatan Goreohgeters o
taeBepatatith dfepukificd pRitth if ntSReX AR all$itiB A sEERER e, R e, from 2
parts per mllion relative to the anount of the
Gy phresin ysad & pwifyitie proteimpKintarest, iiveder éo ashigpara lwmogenous
.4 Lion:' .o ' are.used. inter.changeabl y_ her ei .
Pinchioh. Phicn aabf e pRubSF -6 SRERBHET Bt nip confminants
implueitiesindoothérf substaliesa met hod of the invention. The

units ppmrefer to the amunt of HCP in ) )
nanogh¥niT shrpmatogranh rafers i@ fhs psgcesnbwhish 4 selute of interest,

| ék)ﬂﬁé}H%EHtéﬂeétl it xR §e %phﬁ?edpﬁ@%itﬁlf slifes i the mixture by
solution [i.e., as described in an Exampt 6 rhira, HoP
IEeottHOPS thg ik jut€ fhratghi an adforbattewhih adgdrbd d1 retaifes @lute more

t t ej dri.ed, by |yophilization, .
G draPLohEy (e gpries bt BEROBR PRl S gEbopied: i nd
stidiefulrd, Yinderdeki Gl AHIBEHAS LodBl dRIIFANSprbhgs eof . s used

to nmean the renoval, whether conpletely or partially,
of atAR é&asprbsnt i$ apualidyantl fixed aubstauce cepabbrifaidsirhpgtanether

i d . » it Whi her eb
BB Ru B TBY Bt R BeR SR FisTedl of
iarRAROSsH inte@ictioh vath cddypdlags @asieaithdhed R HdsdBY) Afsorbents
| mpurity(ies) . in the conposition). According to th

. i e
Bt sl i) yateustypssntichfosate graphysare wedrmewnin the artvnd are
17l 5@&8 eps and no in-process

r'el'%éryﬁvégémé %I%glﬁo o?[c?aﬁg&ggég'sent i nvention can

pur i fShetthen pafinigy nhmfnaitcrgr@‘lﬂél tand q?qrételiﬂ effi@it§ chromato grzcljphy" are

co sition ich _contains. | ess than 100 ppm HCP and .
PR EpeR R & TSC o arolomcp@adon Wahiges BOWRCH e sEpiein of
ihi3Pdat i€QeriéTblyl A Spédd igdhdPiNh
1t han 14_0e ppm y: esspt ﬁg(rahl 0 °gg&rﬁ° %E%Ep%cml%d’ppm . g§§
copination 9 Apatiol complsmehtaritySandpme lWCRjoratypee bEchmimien iftyractions,

AR T ———
feepantahe bindafg sitePTRdst ifterablics@idnéfdue R He@heral M¥perties of the

addi ti onal substances, e'd%' , froma
molecule such as isoelectric point, hydrophobicity or size but are a result of specific

interactions from the molecule of interest and the ligand such as the hydrophobic and
precise protein domain fit for protein A and antibody interactions, for example. Protein
A is an example of an adsorbent, which can be fixed to a solid support, e.g., Sepharose,

for binding molecules that contain an Fc region. See Ostrove (1990) in Guide to Protein
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colum or resin used to purify the protein of
interest, in order to achi eve a honbgenous

W@ ewposi2t1 on, whi ch contains the protein of i NPE&F/ES1006/010412
substantially free fromcontam nants, inpurities and

ot her substances. The term "chronatography" refers to
Ruzications datheds efifingpmelagy) 13263 0k 37%h vdvidsis ineorpprated herein by

Igfe gn%ghﬁ;? tﬂé@rest in a mxture is separated from

er so es rn the m xture by percol ation of the

m xt utmy ligemduwgh ba I‘insaﬂwubléjﬂits respéctife SEEAf OBindhgRbtainNS

| ess stron due to pro ertles of

5 f@g\r gl?egﬁggﬁfg{ﬁ“dégaﬁﬂ Is wa}geaﬁﬁ asackied o ag 9@1amaphlc solid
}ﬁfaﬁé'ﬁ‘flﬁﬂéﬁgl an‘drig &cel %Blte' gH{e‘?}J’ro@iﬁf&qﬁfcfé‘g %15@}?@ yme, or

t he process. sorbent™ 1s an

rSCepsir pneteing apaﬂuteomds thel scnintwmgarmm the bhmmmgnmﬁc talid phase
its face dhesi o ei ther direct interaction
el T i of BGFe: Py LS ottt RpAPEeriiy ta iy biospecifi
lfgéﬂ@ Qihifigen, (sOBdtradd, o flctoR CIdrhénd, s &R ?[e@ Fc'lﬁhn% the
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ﬁWP thee %mﬁ‘te%fépéﬁcwiﬂ"éﬁdﬂ%ébﬂ? Protsan P§xlﬂ§%ﬁ@em@n&8pemﬁcally

RuAE %b flﬂ]ﬁlolbﬂ%@ qilgaﬁjds&?{he ofi¥ gﬁ‘asg QL DAL T}%rkggélﬁcally bound

spatial conplenentarity an nore t
pedieim is Hleniremeveatformrtbe Hmngblhzﬁl legandmt}ﬁlomp]ﬂ atiglepH, low salt,

e P i b B ghd s Seh Yo lupiioeisinsic column

VAEIethe @lutidH Buffer. t Oenta@nRkiab pRIARERIVIES 2 MwdrhElatii @dﬁgéﬁra‘uon to
such as isoel ectric point, hydrophobicity or size

the protpin eSiptaressf al‘lslﬁéml‘ftylaﬁslotﬁ tentawinaotssuth asmudhec acids and

nt er est, and. t he and su h as the
OB BuP el PS489 el P Spaearsent
A an mlamémtso@yedlm Bind g @ﬂ&"blﬁéﬁhﬁ @ff@m&@" A0S inthaficd1s
e of an adsorbent, which can bé fixed to a

an exa
VeRptiQnsd nﬁ%ﬁbﬁs tiescebg the %@EﬂﬁHY spasific and ey ersibiryintesicsions befween a
Gui de
R b e B IR
c86ipled@tarith b proitein land: hgmﬂrmheﬁhrémeﬂt albihcﬁ)tyg sief @upRA&vithone or

its entiret can be used to purify its
DS SRR S LUERT e PGP RB B PR BiSFsS, dadior van der
WhAS RREs at thel Hlﬂdiﬁgl sit<§ ’Pﬁlé’l@éa%ﬁtshé‘uléh @é: gul:eﬁ g%Odlﬁa%l oups

chromatoraglc solid phase materi a ccessi bl &
vehach ﬂ@“pl’fm ¢ attashed m éllemrlﬁ w;@outalwtrdmdg 1ts bimlynpeactivity. The
htg%gf %n n@?agé’ ag\)ﬁl Oll yu 05 nsbggd&g Subss anlcj:g I1no e(1:'2(1)nngtea1‘f)t4 to 107
*M in free solution. The greater the spatial complementarity and the stronger the other
forces at the binding site, the greater will be the binding specificity of a protein for its
respective ligand. Non-limiting examples of specific binding include antibody-antigen
binding, enzyme-substrate binding, enzyme-cofactor binding, metal ion chelation, DNA
binding protein-DNA binding, regulatory protein-protein interactions, and the like.

The terms "non-affinity chromatography" and "non-affinity purification" refer to

a purification step which does not use affinity chromatography but rather requires a non-
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material. The protein of interest retains its specific

bi nding affinity for the biospecific ligand (antigen,
w@istit@re, cofactor, or hornone, for exanpl e)PdU/UE2996/010412
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Foh St R DR e o o Riag Faphy.
var i attieassn ek sHobicleRedd Gudtidn cHRMEHGrhphyP REFTHCIT is a type
and reversible interactions between a protein of .
qfpmiged grode garopatqegamivc prgessin néichihe protin péihtertstdn the mixture
tq lLe ' | | haand .
AR AL RETRAL 2 bip o B Sl Ao 8P gy stucon)
iﬁlyipaéble :]iggidi[s?er Bedchtiticet fa}) § 2069, Ghlyai'fc(mgihl d@ﬁ?gl Negis 20(1 3)]hthrough
ydrophobi ¢ forces, and/or van der. Wals forces at the
i byﬁgplgq%l.nter?rélqnﬁ gaﬁ*& ORGP _ag| #lpd selfeltigs alygiropic salts). A
P B Bty K" a0 PG i hitins o
ligagd mdrichHws it dogetainéd/prioperticanof thidphilicteffebbii.ct, nlibing dheng

subst.ance .in .t.he range 1 to 1 Min free sol ution. .
PR TbPhilig cwmﬁ%a@yﬁay@@%eﬁmm 1qrpgable group for its
sehar@feeeaphbifity0 tTals, AOHCIE rédin tfed iR RgHINEH & the invielon contains a

greater will be the binding SEGCIfI city of a protein

O

lrggpd thagisderigele pydmildgaki id 4t meetral gplevsinipgieal) of slightly

i C bndi i NC i body.- i bi,ndi n
BROCHE. ol bR 4 el L SR 98B, ARl Mo, e
ligahdiis predonciheitht irehargoiland binds B@raaeiatofiintedotAih il id@-specific
regul at or, rotein-protein interactions, and the |ike. i
}ryﬁ.g)pﬂlglplﬁ-é tegghom A5 ALy redieerhdlicdigang Agauires gharge and hydrophobic
N Caff i RS i . it :

80 B PTG h! it St B EL U e
shift.her requires a nonspecific binding interaction

e e At B e LS i i o
HeéfeR6byORE Strutiurk €48 thodchdvite 4 PHRfiRCithRAge RBtNBEN
aminomethylpyridine, 3-aminomethylpyridine and 4-aminomethylpyridine, 2-
mercaptopyridine, 4-mercaptopyridine or 4-mercaptoethylpyridine, mercaptoacids,
mercaptoalcohols, imidazolyl based, mercaptomethylimidazole, 2-
mercaptobenzimidazole, aminomethylbenzimidazole, histamine,
mercaptobenzimidazole, diethylaminopropylamine, aminopropylmorpholine,

aminopropylimidazole, aminocaproic acid, nitrohydroxybenzoic acid,
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a protein of interest and a |ligand or other conpound
bound to a solid phase matrix through non-specific

WO nioen#aeri ons, e.g., through el ectrostatic fore€BUS2006/010412
hydr ogen bondi ng, hydrophobic forces, and/or van der
Waal s forces at an interaction site, but |acking the
wirptyeesicitthaetasniapeheld piosdlicyla acidndibremed yraianef f ect s

r s inaffinity.

Lot BRIl EOSEDRUSHCAR s bRl ool
ginateesebishiphhtes aldydyes indndiapdetivitivebinreiofigsee Baktd8and Harding,
Jt han a;f' ni t){, i ncl ude i onjc exchange chraonat ography )
el of Ghsogtegarity 4 Al o€l E0eRhigeBosshe e RbBiashemical

o . h T . .
500 e 80 TSR0 i B INCERE R
referencr el thendaticties)ravhodrlap bi aliphatic ek siniand whieast onbeulfur atom on

rotein of inpterest in the, mxture hinds . to a dual

B akeriang anally, B eSS OB S FEPie AR g R s MEP
HMYUBRIOH], @alllGoppbratio) Mag@iplig, Wiygand [see Boschetti et

al ., 2000, Cenetic Engineering ws 20(13)] through

m | d Fyatesphboi-ex¢hange "odi "tnseichangechadnaingrepby” retin éala

. lvotropic salts A, " hydr ophaobi ¢ charge

o E e aoral Pl o Rulfhe CwCSERRIRT s & EPrHER of
iatedsains mixtine) 8nctavl nGih ddasppbiieele m%dael@gaﬁﬂ OiRREd (95, Bf
t hi ophilic effect (éj.e., utilizing t rl@fro erties of -
PHPlsBHrtackmen Krbtdihrhsrsion exghangp rtarial tydea gaprgariate conditions

4 i1y, .
S GFELBGBERND, L S SARC S LAOEIRBALL TS it
ahargedicnmpautd garedortl esattharsthi soluzahlparitiaglomdontinyinants in the
hydr ophobi ¢ at . neutr al hysi ol ogi cal) or slightly
T Re eyl ol B e Bt St Shsti St Lelupm of the
i6n ERcHInge mAeriabrSar® BbiRNB%r ekd18ddd B Fhd Rsin, faster or slower than
tﬁredom nantly uncharged and binds a protein of

o sepie interestni "lep-ershangredirdnatogsaghypipebifically includes cation

I eracti.on, His reduced, .the |i d acquires
SRR B s e R R R bR s G by

el ectTigsilRideCicH B ge RS OFe 68 W 881id hifiss BlabiisGegMtBvely
to the pH shift. Exanples of suitable |igands for use

Ghargae(ice- jarretion exchayd 1sHn) ampasitiebhehargedd.c et atacsrehinge
SLEHC . ' 1.0} cture

SHER Y chbolimenb AP S RVUR BE ARl e
chacged lignndsqoeddsyihents) di the sol2d pivse,cag thypraldhiltking.

4- mer capt opyri di.ne qr 4-nercaptoet hyl pyri di ne, .
ATRHEBA it Hsareeiiops o FAReEARY BiopErh 6 solid phase
(BB SRR YBREE YdrisiTi 24 Rich hadan FRIERRLLRGOEhFLEaZO! €,

am nonet hyl benzi m dazol e, hi stam ne;

mer cat'eifionziehatge oise” raicet thyl setithppasspylielmisnegatively charged,
HdWIEH ﬁa{%yf{]e%ocré 1gr(1)s| for g}tchange with cations in an aqueous solution passed over
or through the solid phase. Any negatively charged ligand attached to the solid phase
suitable to form the cation exchange resin can be used, e.g., a carboxylate, sulfonate and
others as described below. Commercially available cation exchange resins include, but
are not limited to, for example, those having a sulfonate based group (e.g., Mono$S,
MiniS, Source 158 and 30S, SP Sepharose Fast FlowTM,SP Sepharose High Performance
from GE Healthcare, Toyopearl SP-650S and SP-650M from Tosoh, Macro-Prep High S

from BioRad, Ceramic HyperD S, Trisacryl M and LS SP and Spherodex LS SP from
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am nopropyl i m dazol e, am nocaproi c acid,

ni t r ohydr oxybenzoi ¢ acid, nitrotyrosine/ et hanol am ne,
waele@ehonroesal i cyl i c acid, dibronotyram ne, PCT/US2006/010412

chlorohydroxyphenylacetlc aci d, hydroxyphenyl acetic

tyran1ne thlogﬂenol glutathlone bi sul phat e,
%bT?f;h@@ oglesck A gkt rbla‘éﬁéitgf(ﬂé?s(etgae?r@@bgels?é?e ﬁ@m ENHD, Poros S-

814:
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her E%S%gr ated by reference in thel r entireties),
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%Eg’danp'gﬂ%gpw SR E PTG 1o 9%, HERERY, FopBlpymetty!
@sehgoapi(ep: CMi§Bphdrd>de§ ast\fpw e GReHedtHchenHytobah G from
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O, TRk PISILS CM gfromq)dﬂr’ﬂgcﬁhdlogltas INPALEE @%ﬁuﬁrﬂa @50@ dﬁtdl@ﬁ)b from
inferacts with ositely ¢harged I'igand Tinked

Maligore, GM%GM%C 31 mﬁmm)? —{en @ feowh Whatihas, el Olyopearl CM-

h d
T e TR
(erzt BAKERBODD Saﬁ@kfr Sabh Yrow I 1. Bilerf; RangedykoiRo@badd group

less than the _sol ute urities or
@D&f‘%%tﬂ@m hl %@h@@\ﬁ’r‘f@( 3%5)%%1%3%%10@&
Al'ﬁb&hl?e Weﬁ(lﬂfaﬁoﬁ ]Eoun QUL @'c(t)t %n# 1 om t alon

exchange naterla to or ex
Wesl QatidraExerangers ﬁjom\&ugntah@]xint]n end EfautcgebEMimC@lOésﬂom EMD) a

SRR g0 LB PSS et et 5B i
BSOS 1R0A iR tien RESR MR 8% 1iqall Sopapaige mgh%le S, WP
refers to a solid Ehase t hat |s negatively char

Sulfoaic Fowdt ToRakex eldrSemﬁmjora@p froos SantmmSyAuﬂmlge Strong

P e D ERESH Ol P o R SRR PR Bl o
Sipabggdrith)g amwl@ oftR6phReISAIRIRES Frotip (¢.8€ P3Olioth PhAGRan).

e.g. by covalent linking. Alternatively, or in
addi t4% nam?fh@i@ﬁlagegr@m@afpf@é toy solihittasp vhinhgp eesifively charged,
c |
Rt s N SR e
aherged 'ligresd a!tes:hbcbtoeths sblidiplpkhasidtabie to Hoins tHee@ddnio/ eldiange resin

e d which has free cations for_exchange with
C@ﬁ??%ﬁ%ﬂ Stctgs 35 BGIrERALE a8 8PS Eagg%ma% pvaglablapipgtcchange

ei8s Beluiad Um@eemﬁaéé DEGRPl ¥6!pt sohaH 11%% Qenﬁq 50, D 50 from

attached to the solid phase swtab e to
Apntied Biesustearsg Santehdind Qcfeom Bertorsusd Maog), Mle Source 15Q and 30Q,

GRS PRB O BT REBe Sl
SERHADEX ™ and FAST Q SEPHAROSE™ (GE Healthcare), WP PEL, WP DEAM,
WP QUAT from J.T. Baker, Hydrocell DEAE and Hydrocell QA from Biochrom Labs
Inc., UNOsphere Q, Macro-Prep DEAE and Macro-Prep High Q from Biorad, Ceramic
HyperD Q, ceramic HyperD DEAE, Trisacryl M and LS DEAE, Spherodex LS DEAE,
QMA Spherosil LS, QMA Spherosil M and Mustang Q from Pall Technologies,
DOWEX Fine Mesh Strong Base Type I and Type II Anion Resins and DOWEX
MONOSPHER E 77, weak base anion from Dow Liquid Separations, Intercept Q
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are not limted to, for exanple, those having a

sul fonate based group (e.g., MonoS, Mni S, Source 15S
w@ee630877 SP Sephar ose Fast Fl ow(tn), SP Sephar BREUS#0g61010412

Performance from GE Heal t hcare, Toyopearl SP-650S and .

SP- 650M from Tosoh, Macro-Prep H gh S from Bi oRad,
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Trisacryl MCM Trisacryl LS CM from Pal'l

medifind Modi eationivharigniceand o ipdiophohie nize 0 Expmpies of mixed mode

ML 2 n M -lon . om
VRSt UBREE s R BB S 35 ekt BB,
depanie )hydfoxybeanite typed aga b axd/ ﬂﬁ&ic&%}ﬂr&@&gﬂitg (BioRad; Hercules,
é g. . BAKEP B OND Car boxy-Sul fon fromJ. T. Baker); a

§) kb Fcand I shwet-o (Al CorporgtionydpastHuls Nomy J. T

Baker_, DOWNEX MAC-3 from Dow Li quid Separations,

Anber The termpé thiorbibic gisfes orhm srlectivitpdhet Rrodgiar haes foon

GHNERARh: naffle 1 Ana Rl B R GRSty <L 1955)
“Siihiimii cclaroindtogeephy” giso kpove as YhiophitidradsaiptioSP f r om

i ochrom s Inc., Fine Mesh Strong Acjd Cation
%fflﬁtogiiaalﬁ?%bw BiPg@f gorsa H?fé(ﬁﬂe‘%ﬂ?é%toﬁﬂfﬁﬁbﬁ’e‘?’ clsa pygsein of

e i 9 S0 RO 0

®iphon gortainingrligand 0 the taelaBbn ofithe@abietm ABbhadpdiigpegel tambe

i O A o AR el B P S P i
hedeeftdethndl. BiEibpkilip AasoRptihl dhforhio PABhY ik Shalcaesh

t hus having one_or nore positively charged |igands

danogasrsator REanstiies andys ¢isidnct fipel ghrematogeadhy bgseddn

. | suist: ahl formth
a6 ot BRSNS Sl Brh Nk arcus,
with ﬂﬁop@ﬁhmmbéﬁimﬁaccihﬁ?-fvthyl&ﬂlﬁﬂe@&lueumﬂ domatypokage

resins |nclude DEAE cellu] ose, Poros PI. 20, PI. 50, HQ
qe?oqqef%ﬁyclm%l%?twsenwﬁ% pregalegiod syupmerrially
R eptnlic i Smatie Ay #incRRAG FideO) ERIVTATMAR;
Kdpteyy Dk Unidw Red SoperinweesiQfEontech) and T-Gel (Pierce).

The term "solid phase" is used to mean any non-aqueous matrix to which one or
more ligands can adhere or alternatively, in the case of size exclusion chromatography, it
can refer to the gel structure of a resin. The solid phase can be any matrix capable of
adhering ligands in this manner, e.g., a purification column, a discontinuous phase of
discrete particles, a membrane, filter, gel, etc. Examples of materials that can be used to
form the solid phase include polysaccharides (such as agarose and cellulose) and other

mechanically stable matrices such as silica (e.g. controlled pore glass),
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SEPHADEX(tm) and FAST Q SEPHARCSE(tm (CGE Heal t hcare),

W PEI, W DEAM WP QUAT from J. T. Baker, Hydrocell
WORME/18md Hydr ocel | QA from Bi ochrom Labs | nc. PCT/US2006/010412
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ST 500 B M AL i o
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PRatb R e SRl o gt S PTRE R pisRife, bue
#ohodipitase polyscibates (é.gvpﬂlﬁs!b&ﬂwesim{bﬁ 809 botbkdiners (e.g. poloxamer
cationic, anionic, and/or drophobi c noi eties.
lé%&r{{we%; SOl Q@ifcmgatedﬁD@wéW@elw@ swldate;fodivaroctyl

B : - Phiddi.psh -
SRR iy, S TSRy N
lmorliayd})qriaspﬂarylts?rc(égiheﬂhﬂlﬂeyll-le myuéis%,, aﬂlé?tylsimiaihﬁﬁgrlﬁﬁdnhﬁbropyl-,

Ce . rporation; East. Hills . e term
R ropY L Tl e BOp G by b bidopTopy - P AFeRsimr
. _ e ity t
R Sy ARG

nehmisieontopyl-aqrrigostearaoidepronl-dimetitytanoinkj $adoma dsting coaryl-, or
Y -affinit .
SRR 5 RGP SR, Paon

N0} ddepal CAIG3PNPlukénit, el oM BRITIA AiCGRI 1T GRS, HECAMEG,
resi dues, bind to a sul phur contai ni n% i gand for the

LUBROL 5% MEGANRIFIES I, TRPPR; GHABS, | SQAADEAU, EMPIGEN
protebn, A : _
8 R R o R LR BER |y orkin bt

aadsan plso ba inchudeddn dgr faphyontaning siedmolecale@dintofest. Detergents can
donor - acce torugéope{)ti es and is distinct from

BERFEIRL B GRS ARPUBEHADIS {ORY 1B p RES PRI ULC YR RIBFESB 8- from
SERCSDTLA B TS S 007 1 il
ebodunenaudysobate 80 is used in a wash buffer for CEXC.

A "buffer" used in the present invention is a solution that resists changes in pH
by the addition of acid or base by the action of its acid-base conjugates components.
Various buffers can be employed in a method of the present invention depending on the
desired pH of the buffer and the particular step in the purification process [see Buffers.
A Guide for the Preparation and Use of Buffers in Biological Systems, Gueffroy, D., ed.
Calbiochem Corporation (1975)]. Non-limiting examples of buffer components that can

be used to control the pH range desirable for a method of the invention include acetate,

citrate, histidine, phosphate, ammonium buffers such as ammonium acetate, succinate,
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pronounced hydrophobicity or ionic charges. Exanples
of comercially avail able thiophilic chromatography
wo e®bns2incl ude Fractogel EMD TA (Merck; RahwaRCT/NS3006/010412
Uni fl ow and Superflow resin (C ontech) and T-Gel
(Pierce). The term"solid phase" is used to nean an

ME#- %MAMQBS;MQPSQ WHIEES, dinie, and the ke, |as geeticss cembinations of

e e f size exclusion
e e L R R
}eﬁ]nlib pfﬂemsz A A PABES CRAOED eBEsyrmttﬁcme aaeas ARS,
adhering ligands in thi's. manner a purlflcatlon

ebnoming E%&Mﬁuaa@ybﬁa% Pisteridings D-bpEC peift FaEbenic agid, lactic
BB AREand dik LEH, d ;i brmeﬁ&’ﬁf glﬁbgigl:ﬁgmgengbﬁps ahEpp8A!

cann be used to e SO
ot ymds; pharal d€&P$@ wnbciasteABaPSsaniaandasd] bedzghajing mdmethyl or

Lgtgleglyl 85?{9?]24 %@?rtggg Ie yrlréinteziia?n?rsle Sollg (r:rpop glu?el /kdgltlonal
@nfonka® ‘?idﬂgtﬂe\ﬁ ERelinredayl ihRENARR 8s n&é?ilebf 3@% Yia‘i’t@‘cg@be used to

ceramcC partl cl'es and derivatives of t hese.
3k est bnffer invigstrengihi sicines sddiwrm tcblpride, sa)dymp sulfatet:mdavotassmm

e BAESRaURIENSP vty e piof (PR B ED PR RTHishO D),

@hbgopes (Sihes ura i @pbisabehseldithnb) asaniiSl Sitébl, a0d benzyl
use in the present invention. The term "detergent”

3leghol)s detergenisi(ece spwas & %lﬁmcs (8ush as GheTesR, gnannitol, maltose,
Al REL éo%e oa\f{’(ﬁ i o@é)e {er E%ﬁg@ﬂe%\{seaﬁltd a'&vaes fand the

aggreg’ pro 8rns and vent non-sp

oqmt:errtmlbnmusedr cdni vady sgonfing tontha njmajftchrdnmtcbg‘mp}gfpmﬁlded in the
interest, and can be present in various buffers

lﬂggﬁl"inn the present invention, including sanitization,

equi | TRy I?III 80 cod RBFHiRLef RO %ﬁff&@@aﬂ‘@é@((ﬁ&nm% S bvﬁﬂ:h%'iep in the

strip buffers hi part’icul ar enbodi ments eterg
puifddeniprogess thelsuffdyid fised. TECENS the pdf olkbe buﬁaniaa bteﬁmtween 3

d.i t t d but. t
S Bt Sy ah AN LB S Hamgpont 01
OIS YMTBSre pPofBrab Rk ab&it c@ﬁ@cﬂvﬂf& 0t5013,1 584 Hepending on the
dodec%/@q sul fate <b|u§f91r : sodium | aurel sulfate; sodi um

step andidie gmployes; rinsIﬁQ}IC theinthef thg| puffers can be from
fo%ﬁ?% YA 16 %Jrg ??etfajaf)léfq:rcin!l %‘({&f F—I 4, H¥5 b %((erduc 1v1 ol eybe from about

or stearyl-sarcosin
@e(WEpehtar foe inj b(&wh@w@(ﬂfb ITISJ@MJ mord;ﬁéﬁfdb@pﬁbﬁhpa}bbut 0.1t09.0

I I d d
BRIt AP o1 he i BB D B celeyere Ruffegs used
thAWHAS RO I%éltl}m 8%6%&8%@5&5@{'195@ eatelp%téﬂ %%Wéach

or I sost ear am dopr opyl - di net hyl am n um net
duewytograpby stdpsodi um net hyl ol eyl -taurate;

L 3 b S B e
K&lﬂaazont@ﬂ?&@ E%%%l&(%&%ﬂﬁp ?Pﬁ RINEI% thd\puriflddEsh process.

TOPPS, CHAPS, PSO,
Any desirable buffer could be used for this purpose provided it is compatible with the

particular column and resin selected according to a method of the invention. Preferably,
the pH of the sanitization solution is high, e.g., pH 10 or greater, more preferably pH 11
or greater, and still more preferably pH 12 or greater; alternatively, the pH of the

sanitization solution can be low, e.g. pH 4 or less, more preferably pH 3 or less. Ina
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BB, AW TTERGENT and Cl12E8. The detergent can be added
in any working buffer and can al so be included in the

w0 e@d/1omt ai ni ng the nol ecul e of interest. DetPCES1086/010412
can be present in any anount suitable for use in a

protein purification process, rom about 0.001%
Raétl%mﬁmbmhmarﬁdthﬁmlé%ﬁnﬁﬁﬁxg ﬁpgmuitar@d@amdtusm@tmamhzatlon

nt, pol ysorbate 80 is used
%%{atg)h&/gs 19@&{1#%1:1%@% Cm; ‘buffer” used in the

pr esefh "equikbiienbufferaisagedit atjudt ket pH asd S@xﬁiu@hﬁ@gﬁﬁhe
i he additjon of acid or base t he action of

'h?%lﬁategfoﬁp % seluaEring &e oading thsordnng WI%%P FUsuR gonéaiging the
IS‘r@ﬁ‘uP@f 1ﬁf9?és@¥<ﬁﬂ)uh cAidiE d’ilﬁp Ig_lblg?)ui“%f‘s tB '% ub%iv @E {Hlsof;'urpose are

dependi'ng on t esire er an
welt kinawih ar ths Bgpe.gnsuches ﬂ)ufferfs@esxmhed apos; asd 11{09;&16 any buffer at pH
Pre and Use
tg?fflﬁ 8?@??@1%%‘?1&5? %%?ctt%fgfl b? £ Watqﬁraphacftep for purifying

t6abRjt€16 08 M GRED A hufer (sll%Zé}d load@Rs Ihimﬁe'ceﬂltpﬁéﬁg%ees

of buffer conponents that can be used to con
nolyneatide ofimédresibl e qquilibmativattudlr bas a benduptiehyt andrpr pH such that

' hat. e. .
thﬁﬁolﬁ/ggpmﬁﬁﬁtt?}étrg%estsla g)r atde to tﬁ%t J“S‘%ﬁ%ggléﬁg? ﬁm% p%tgﬂn of interest flows
thromgh migd eoliad wHIdARS or ﬂﬂ:éSmﬂ&Hﬁg%lddEB’Eﬁ cohith®. In affleferred

eélgf i ke, as, well as conbinations of these TRIS-malic
Qi equkipratienof the plyormicsranhy, Coﬂm@mpé%?ﬁkwa@@he pH and

o%&@ﬁ’ét%@%tﬁ? w?t}‘n{ﬂ wdd y) gmd P b&%%ﬁggf th 131111 ra m§ guﬁ'CES pectively,

ricrne,” bicine
1aARPrefeRIbINY WainveD. 1 Pide0.2 eiSiem o@tﬁwqum@@tﬁrdghblﬁﬁ& ki@ﬁie@tlvely
acid, lactic acid, butaneandioic acid, die | mal oni ¢

Tnpreferrgd 9@9@@6&%@6 CHEPPJSUOHIEPﬂS@pepWS drach:E)éC apth EMIC, are
5{3 rﬁ}gge??%ésﬁﬁ %§§ t]%eﬁor e tbtﬁg egwgﬁvltloﬁ:wff%r 1§ from about 3 to

&bhw emdlpwfbmely H frﬁﬁﬂdfb@ht 416 td\ddl toielivieP PRAN®BH10.1 to about
Aé) | tives) can be &gsent in a buffer as needed,
/Cnéélll?r§ PEefrrably ffpse abaus Otou k0 mgfane I BRIE the pH of the

emm fdh but ﬁ:? @og(ggean %g]qbarfodgogégg&»&%@ﬁﬁ RAb§ aea&mo 9,

pot assi um ¢ er ‘ad es such as am
c@oiagivityfodm aboug [0yC{WEL) amabduit 90 inalS/ae) moedprefer e Sonduct1v1ty

suc al cohol s (such as ethanol, mannitol,
fg‘? E?%%&ﬁ‘r%h‘éé%yl al cohol ), detergents (see
SUPT 8A )'loa@R@ bRBEAT S ubRIU6 ModdShs HEXPREeonfBRRAE MR protein of interest
THe but T er

mal t ose, trehal ose, glucose, and fructose)
eelinen. afdly amippmat@ solutigrdeanttes usod @eﬁmﬂaadlmlsuf&se a”he

T N R R T L —

prbeineffihist Bapurdty/thd @&ﬁﬂﬂhﬂ@c&ﬂaﬂﬁﬂaﬁﬁ 8¢ 8fle td1bW @hrough the
purification process the buffer is used. In CEXC the

cofyrpr. Prederphly s the leadimghwm s eandegbufer exchanged. The loading buffer can

also be prepared from a buffered mixture derived from a previous purification step, such
as the elution buffer. Suitable buffers for use as a loading buffer with the selected resin
are well known in the art, e.g., such as those described above. It shall be appreciated by
those having ordinary skill in the art that loading buffers for CEXC and HCIC can be
used at comparable (if not the same) pH and conductivities as described above for the
equilibration buffers for CEXC and HCIC.

-20 -



and 10, nore preferably fromabout pH 4.0 to 8.0;
conductivity can be fromabout 0.1 to 40 nS/cm nore

w@e@baet@bt y from about conductivity 0.5 to 15m3/T/O$2006/010412
dependi ng on the purification step and the buffer

enpl ”E( In HO C the pH of the buffers can be from
about 11 tegng hyashiwsfeprast sosi inag Washin ashsed hgmmrecﬁertt@abuffer

1%69 tQ glﬁ{édo%% E}ﬁ&&g 1@@518&%&%59&?6%’19 &chgneg 1(e¥‘F lp?no%' 0 e%utmg the

or 1njectio nor e era

mbeirt oflinterdse  Dhdtenh/"oashinke'p emdl gﬂaguﬁla’uchhﬁrﬁtibhsc theRbf, @used to
Buf fers used t hroughout

t d the buff | d
gﬂmﬁ? P?%?g’tgi Q%ﬁn%a%gg%tgﬁ\%éh Bégfelf 'ihbwh. of oy el fromatography
d&haconPeligm gf e v@%ﬁh (ﬁhf&%ﬂoﬁfd"’lpﬁﬁi ers Ran ‘Fe the spme, but

"sanitization® solutioh Is typlca tocean
thisg nothrpquissdo Viheghmyd deadnativtyrifaig bmﬂfﬁ:rss siehghat ohbosmore

.of b'.oloi I rigin, i Q o the ur|f|0a|on

IB%‘E N%Rﬁﬁeddﬁ g fests Vﬁ#l?eefﬁie U1 B e bparidarptinterest. 1f
RTS8, 8h O WA BEterithay onEHTR a&,ﬂeﬁgeﬁt Wh lBsctiBed Rk s%h %5, a
colum and resin selected according to a nethod of the

nokyserhaie nAnyppuiablediiffer at apH spmphtibla evithathe sélecied msin can be used
: d [ ' 10 . .
BPbib AL 48 g o, Rih 10 uREp iR 1 Shan el Bar S lertpn of

fHadPcqidugtieat & the aﬂaﬁlﬁbﬁfﬁrlavﬁrmortahﬁfoﬁ rer@bvall BEHCPs and other

sani ti zati on solution can be | ow e. pH 4 or |ess,

SoBFaRipanes Withewtsighifiendy cfuting thy I?FOE&%Pf inbaipsar The conductivity and
t

AT TRbecd Donkoh o 0 2o B L st v

Stdpsforlihe HEIC! aniLﬁJEXGrchanmuo gralfblf}e:{fﬂer |1mdu®tmle thoximel imstrder to

Jﬁ’?ﬁ%kﬂ El?ggﬁgﬁapnfﬂém I ag:ﬁmg \%e bz%t;({ gfg’gﬁ?&éﬁg gﬁ/anctgalltl'(l)r}nhe protein
STaRteR MG o trEhcR fIRd &inﬁu&fw e use%é’steﬁr?ﬁn&%ﬁ ihd QBEdPHep.

Sui tabl e buffers that can for  this purpose re
mqulam@mdlmenth@ﬂmhe coadugtivity idecasasedifor elnesHGIa@, cri bed

oDt B 8 R B R R ok Pl 457 Apgee o it

i epcdndictputyi cﬁf&thél Buffdie ufddabLbdui@bration, %zﬁﬁind pT)B!—I%ad wash.
buffer is used to |l pad the m xture co grlsm

pol ypBptnagicudar enphodimaent therwashdwibier p I OF tstedluma@osphate
PheGfi geg Wah %ﬁff&gﬂé@ {nt (EEB(@%&H bt l%l%‘in %}ﬁlt ?)% %@Cﬁ,ﬁ t9I ﬁil%reogreferably

iI'nterest i s boun resin or suc
it 6bmi aboof 4.016 eb@g 8. (f; landwsortducivighfromeabood @ into sviuk 20 ai¥¥cm,

ities bind to the col f d
RS D) S P PS03 G0k BIFR B aphy col um
i's corml WiBhuRensddig Httﬂc%ﬁ e %9 WGitdbyd BNfg&&? aMilV¥ d\desirable

+0.2 and 0.4 nS/cmof the equilibratin
1 stpb@qndu@mty, g eandheeselected | fiomna binffar & desambdca.bave;rshcam

R Bt e NRe g e ARG G G pgphate. The pHLofa
wabuébr hed iICEXTCaE bEl@ot ot 5 to about 10, more preferably pH from
about 6 to about 9; and conductivity from about 0.0 (WFI) to about 90mS/cm, more
preferably conductivity from about 0.1 to about 9mS/cm.

The term "elution buffer", as used herein, refers to a buffer used to elute the
protein of interest from the solid phase (i.e, chromatography resin). The term "elute",
and grammatical variations thereof, refers to the removal of a molecule, e.g., polypeptide

of interest, from a chromatography material by using appropriate conditions, €.g.,
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sodi um phosphat e based. In CEXC the pH of the

equilibration buffer is fromabout 3 to about 9, nore
w@e@berebt y pH from about 4.0 to 8.0, conductiRCT/YSI0@MO412

about 0.1 to about 40 nS/cm nore preferably from

about 0.5 to /cm_In HCI C the pH of the

%@ung theriguic @Helaﬂﬁh PéPHl of the Wyrfea ﬁwemshng;tha lsbremateraphyrigaterial,

f
SRR AR ARG BePenf R B L oviir o
the nﬂbﬂﬁctllevorﬂ)y chgmgt’mglb@hémﬁalprbper?z ofShe ﬁgatui& (el aﬁt;r%@) such that
er | use (0] oa m Xture contal nin e
?8{%% OB?Ht?rﬁ%té% waple, d%mp TR Apehis thgrgiosp e g?ﬁrfr%[i the
é&éxﬁ&tb?i’aeﬁﬁébl&%nusmg 1@ tEid Rl dg R {?ﬁﬁ%m &P@ﬁw column

conductiVvity and pH of the |oading bu er In
q@n@steng tlpmmptltﬂﬁso&latee@t piicrs thetelutivat is tipydiqdrait@ihe cofumn. After

ter esi.n while contani ants are
S E3he PG ab freee Tt e B Gxeabngieds Relized ind stored
ds@@edgag buffer can be buffer exchanged. The | oadi ng
buffer can also be prepared froma buffered m xture
der i vire i and eondpesivibiel tb@ elutipe hefferare selpctedsich that theyerotein

RS ko 0 bR B LA S ICIGASR R 1R FRES

mt’fers suigble foriade Bsmtdhain lﬁi@ﬁﬁ hiekRecrid2a\uBovd. tInSRkticure
reci atts R%iethose havi.ng ordinary skill in the art
Inet g glubin Paker wsse i tc%% Cchigmategrapiies igsodium
SHRIRAAR S ofiutn AQtart, *}ﬁsg%é‘tﬂra}{pH and conductivities as

descri bed above for 't equilibration buffers for CEXC
and Htle@H bEtht etutmn bdshuded fifi EEX © car' ipofomlabadk 3@ shdhout 10,

as us r a ff used. to elute one or
AP Bonf FHoh ¢ i0aftuh ULt et eha forb b bl st
R MSichy Iﬁda@pﬁmmﬂy RoRdudiRite 88t abolin§ td 85I 13\&%&1&@ g'

and g{annatlca vari ations thereof, is used t

descriliseoH pithp ghdiondpubier wda@ﬁ(ﬁﬁrqaafoe fxmsabcmuBdep about 7.0,

e SRR Eon tal RO RRRRA B sFRRiving amgont 00 cvr

tbubbe29 rﬁ%mb&otélﬁreﬁe’itﬁlﬁy conductibity fiofn AWt 0.248 bb&H 2 nl§em.
pH and conductivity of the buffer is such that one or

mor e If desiterlt addiiopabsalytinns angyr heaised ko prepara theealemn fer reuse. For
grzrp%éél 5 géﬁaﬁdﬁesoﬁﬂ{) B b8t "'.{htlﬁ'r glslleglo% ti éhtllpf ‘E)ouanéi

e was e r may con
cdeonindneifradneavem]usn uhedaa tiee poificatonptoeessATyypiually,aht e

R PR AU HEO L BRI HoGPBRYS SbuieRtall any
rbA8inHaf 1ﬁ$ﬁlﬁtl€l§§ﬁf ﬁr@?e% @@iﬁ%é?est Behedt k. of pH and

conductivity of t'he wash buffer are inportant for
r emoveell usedl heses tl@ridrmf panductovityd e fersrto shenittitikyudf an aqueous

tly elut th t Th
sBIsh i FEHbcPartieiP Bt BBt e Sleghodesions it
terpéramse dA lc{irrm&‘[bv&‘slﬁyf 18h $rakispeh ihRoRkiBA e THEB or¥ASIh an increasing

amount of ions present in the aqueous solution, the solution will have a higher

conductivity. In a method of the present invention the temperature at which purification
is typically performed can be from about 4 to about 37°C, more preferably from about
15 to about 25°C within the specified pH ranges.

The unit of measurement for conductivity is milliSiemens per centimeter

(mS/cm), and can be measured using a standard conductivity meter. The conductivity of
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steps for the HCI C and CEXC chromat ography after
| oading the m xture in order to renbve nore

whyasopi2rt i ¢ and nore acidi c or basic contam neet/ES100&n 0412
that of the protein of interest and to reduce the
conductivity of the systemprior to the elution step.
d sol@tignarah ibe ultered dyriohatigiegmthe cond:qntratim obmdmﬂte'rairm tBor iesample the

decr eased fo he HC|CC romat ogr a
AP p CREIThg Aestt ST HEoa ook aha it BB NATR kG in
tRE sGIRAGHERLY VE biferd i HBebidl fchleve URAEHA ccﬁﬂubﬁ\hﬁl" atdraably, the

| oad and post-1load wash. In a particul ar enbodi nent
saheoneetratior fsemodifetitofashie@ERE desireddinduciptitysysiigsaibethe the
ﬁklof E mash buffer used in CEXC can be from about 3

Y: nore preferably pH from about 4.0 to about

8. 0; Pk pq'oadugdeleutdcypd‘lﬁwﬂra@@%e&uﬂe reRraidad pHA Gt which the
nS/cm_ nore pref eramgm onductivity fromabout 0.5 to

reneptilmepsitive chaege cer s Ragativecharge. Hbe@leanbpsalgulpted
ac%o%i?n ol & \gﬁgﬁseéon‘ifgnt?o%hiol%gglg Q Cg&gﬁ?g ‘b oﬁ%@tﬁuﬂ char e of the amino

and can
dﬂ:ﬁiﬁ@l{d/@ﬁﬂalﬁmi&resﬂﬁesa)mre bblwlslwdmﬂgdlsmntqeldcm fwshng

buffer used in i's sodlun1 hos hate. . The
wash depsedrheRing I%Wn&@é A ‘Hé tg3 ?ﬁr%sut thg P?lg' %&oﬁvﬂe which
cedta élaggﬁ'xg gﬂft&fl%&‘ﬁﬁéﬂé tp\lilh&re‘%ﬂ% Ql%re@se i 1 thard ab&fﬂ QH 5.0,

con Ity from about O. WFl) to about 90nS/c
profeeabpy B thab lhbous hld 01 mvret Breferahiry & than @bdut ipdl %B,o?md most

RS (Pt Py by Shobb Ot B e @ EHE BB drffGRIOH (e, at leasta

[ng{a@&iﬁlofl ﬁl@ﬂirilhﬁersﬁiokéjpﬂéfbﬁlﬁy (&t lest aGog FEhRESBIOMowed by an
resin). The term el ute rammat i cal variations

h@ﬂwn pH wfazder te preppee the ﬁbbm t%bfheasemd@bmr@a}w@aghy step or to
%t%e ﬁf‘ c@lg‘t t%fa, 1{15H‘1§ rtl?a%%:m\rlﬁ rgtfmﬁtg {)) H%L@&E&H!Mmegmy of the

y using appr prla e con

lﬁoguct@f irgérestgAh euitadid &id t:z[rﬁlb’@iﬂph@d tite @Iuatd‘@nbalmﬁlﬁg tthe protein
surroundl ng the chromato rap mat eri a addi tion

I
m%@rq,séwpcéqcrqaﬁq/@e@éﬁ feeth O?Vd?r held. ¢-g A%Hcﬁyr glagig} agsgc acid.
Aﬁg sma% ORRORLEHS aigggafe &@ﬁema%&%' I‘ém?ﬁ lt?gH%ﬂ éﬁ&nﬁal ranges,
m ca property he 1i gand . arge suc
¢. gaﬂNtMai)IﬁmﬂN Tns:)fTherlbwmﬁ holldstypm&im resuls iban éherdase in

cemuH D S e otf he for B R RS Ry W A
&}H&naeﬁgkmy sRP Al HdcdtEcROMRERhlStepls dafibRIcRKEhaMpEN

the elution is applied onto the colum. After elution
dfromh@gpa@lhy ﬁeeptlt igdikely thaitthe axreashin pidMikrhe tawithia a suitable pH

Le d
AL o AL PR 568, IR it ot
éd'iplh&badﬂeﬁ“ It‘@ mﬁ@d}mrﬁategralphy efepshd e sebchﬁd&ﬁr(ﬁrhaﬂ’gﬂabﬁy step is
ﬁartl cul ar , CEXC or HCIL.C resin used in the pro
CIC then the increase in pH will llkely be within a pH range sultable for HCIC, which
is about pH 5 to about pH 10.0, preferably about pH 6.0 to about 9.0. The low pH hold
can also take place after the second chromatography but in the method of invention has
been chosen to take place in between chromatography steps due to experimental
convenience. It shall be appreciated by those having ordinary skill in the art that a low
. pH hold step is not essential to achieve levels of purity attainable by a method of the

present invention.
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Buffers suitable for use as an elution buffer are

descri bed above. In a particul ar enbodi nent, the
webkwbiton7buf fer used in CEXC and HCI C chr onat oRpCEHPK1086010412

I s sodi um phosphate and sodi um acetate, respectively.

The pH of the elution buffer used in CEXC can be from

about “Bngentml Abwiiltration" ren"EFBT ef 'é;:r@ﬂsﬂywrﬂ-}tratimr‘hraﬂemuo adfiltration

t Q about ndul t Vi. t om ab bout
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Ifrﬁé'@tgg an%dg??&% %dg%t??t’iﬁ 9?)%%%‘ g@%@@rﬂfto%ef fl}%%@nlﬁ%@%ﬂé’ﬁﬁqbld that
passgs laoagh tre fdtr is dontiniedly drawn mﬂﬁmtq amdpyratmdrqnfﬂ In HPTFF (high

B B B £ 08 e v o
d#ﬁ&ﬁld%&%erbf md)&ul Rt & sepapiiél| H&{thﬁﬁﬂaﬁts (Ee%f@t’; Pafeft Fd'be No.

abllltg an agqueous solution to conduct an electric

2008/02RP2 bt \lﬁ@ﬁlr@% Bileeartsdised ta e?@hpmetth@ bfer in which the

TR A8}y Rl Sk A CRSRSHbB opneovo

the el@niatographyaresin pﬁ@ﬂﬁ) gl OmetHdd of e firbsent Mivbdtion. In other
have .a higher conductivity. In a method of t he present

Wordent FlosAn breised hploreaihg ﬁést&brqnhateﬁaplw $61, SQIVEBH, fsIn-process
PRI, BTSRG0T ARGkl SERY Hsr

sipeché befferp bind sasge sisedi mehalpnetem&nafhaispnrmlrteimcn‘ mbvement from one
conggu |V|%y is mlliSienmens per centineter (nS/cm,
598 "2 HIY 158 neasur ed using a standard conductivity

et er As THR Hel Ui-hadob st Rifars SOhAY HriRthoBafdeY! est@ bFErgfor Ytc. that

changi ng the concentratlon of 1ons therern
18 penfprineed afige cmmemng thteiload sép fortihé fiest chrgmatperaphacdiuom, but

ST Pliag Opbe afeBR et fr B st snohitadap B iptinn in o method

dfabé precert waﬁbn VAh Yn-?ﬂc@écs%@ehbd/olo ghe@anSdiektly result in a change in
concentration is nodified to achi eve the desired

RYGIY (Reeh @ Fl}/malém@%sé% dFFbekit daes pat dizeathipresulbsl ehanghin purity
(tsﬁdh as&{ 'al\?\ﬁﬁ ﬁcﬁfd u&tf\/l%oidglstr{xa{& &e‘i’% g%@?ﬁtit oq‘?lhé' %&%eﬁt does not

Ve C
d)zdcﬂmcaselanychmganmpmtgharge The pi can be cal cul at ed

It may be desirable to achieve a therapeutic grade protein purity using a method
of the invention, in which case additional steps well-known in the art can be optionally
employed to achieve a viral clearance capacity for both adventitious and endogenous
viruses, e.g., low pH inactivation and viral filtration methods (including specific charged
membrane filtration for viruses such as VR CUNO (CUNO) or DV20 (Pall
Technologies), which are further described below.

As used herein “depth filtration” is a filtration method that uses depth filters,

which are typically characterized by their design to retain particles within a filter matrix.

-24 -



according to various conventional nethodol ogies, e.qg.,
fromthe net charge of the amno acid and/or sialic

w@eiod/11:237 dues on the pol ypeptide or by usi ng PCT/US2006/010412
i soel ectric focusing. As used herein "l ow pH hol d"
refers to a decrease in the pH of an eluate whi ch

Esrdepihlteriecappeiteis rﬁymallmteﬁne% by thetvdepth, elge L@ Hpr 20" of the matrix

b f bl
FRSRERRE RPN P AR B RS b RRert
Bltet cambe uEﬁ?ﬂStb ippefvertadiiyal alatince bhp'ﬁcﬁy bﬂth@ @@ﬂﬁc@uo@ cheme
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e DR i TR Bhic) R UKt o Dol ISR 3Fealy bRl during
thh purificatignaplgms tbepispreforablyrisad aftbrethp fied ehtontatog@aphy step with
rratrxth royi deg stabiljty to the nolecul ar
‘PWtPéa?W eF*fﬁleg? g&ﬁ?ﬁt %tjfth‘? ﬁ{t%rr est. Any suitable
acid can be applied to the eluate containing the
rotein of interest to decrease the pH for the | ow pH
ﬁ@ﬂﬂmﬂh_enm or gI aC| al acetic aC| d. Any
sui t abl o be ap led.to to.retu
its tff oll%r%}%lr%g cﬁgl?ﬁ prgi; gwalét on %ﬁg& l}st'i 1n any order
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| ncr eﬁmanote:npbf midrést ban haoprodbdedrbydiving has belsphhtiiangBeen
i s about 0 to about 9.0 erably. about 4.0
genéﬂ%’ﬂy e ek 1 BRdpes Reprtein el %P%aé egpitically preineering cells
tbipkSduct BrodiRs A8HARMYhcHER tﬁé‘Qrtt 86 $8CRNDbel et al., eds. (H99O)
chromat ography step is HC C then thé increase in
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A A R e

I’Bfe@&fbe akuer meheds pehid lﬁmdaaﬁtg%eemlmhaﬂ dAcddteand allow
met hod of invention has been chosen to take place in

%Ef%@’ﬁ of hegwelebgnialixing hess selthu clhese bagh eplismantbalbacterial cells,
u %a?{ ﬁgl'rlse Bf Errﬁefabﬁh ?{ﬁllmal? g‘tel?sp%&?/% f:lgl\%lrg Y ﬁcpt Sl htoat pg include,

b breass dinhtedlto EOCthJSHIBV Exbmplek of Sfitaply B.lopliatraink :ilﬁ%lll@: HB101,
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Jcekrsemyces sesatsiase Pichiarpastotis tied Aapetgidiua k:d:llsmA e&mu bmmples of

B REP el SRR AR TR R Bl E R et cos, DK
298e3SE3NS Carld W ETE. Ny AGiaBIHRs BRIE & ISRUEREnd hbihdds well

and filterabl e solutes (whose
know by those skilled in the art (e.g., by transformation, viral infection, and/or

selection). In particular embodiments, the protein of interest is produced in a CHO cell
(see, e.g., WO 94/11026). Various types of CHO cells are known in the art, e.g., CHO-
K1, CHO-DG44, CHO-DXB11, CHO/dhfr" and CHO-S.

Preparation of a mixture for protein purification from cellular debris initially

depends on the manner of expression of the protein. Some proteins are caused to be
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tﬁuﬁqntlyl) flow filtreddpni{EFHpet depti Blttationdhiosdee tapichaeaprixtire for
mﬁ &Loteln purity using a nethod of the invention,

i Ch case additional steps well-known in the art

C a N beccopding fadh yreem iay@fiohOorite ik ira cHithiding the protein of
cl ear ance ca€a0|ty for both adventitious and
1BirERsardFsn oblainsdsits sepatation Swoptantamaipents i themnixhwe is performed

e odndBibdiftl MRS IRECR AR AEBREE itk AP gosired

(gce Bg@ﬁg 1()Rgidler ﬂ'mnhpfmelt@ goreliionsydn d&gcrﬂfeﬁ Iiet:t{iﬁd‘b@ﬁze No other in-
escCri el ow. ept | tratlon is

EORF PR P see-+ Tk ot BT FRerst FakiTed ks achiciie S¥plssopurity
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gnon llnﬁﬁe Ser?g?(iw 5P 8?%%12‘ i nvention a depth

In a particular embodiment, the HCIC resin used is MEP HyperCel (Pall Corp.)
and the CEXC resin is Poros 50HS (Applied Biosystems). These chromatography

techniques separate mixtures of proteins on the basis of various properties, including
charge and hydrophobicity. In essence, these separation methods cause proteins and
other molecules to move at different rates down a long column in order to achieve a
physical separation as the material passes further down the column. Under appropriate

conditions as described hereinabove, the chromatography steps permit the protein of
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cel | These host ce be bacteri.al ¢ f un
GO GBReriat § oo Phapreaned ogyBis OF oy HREh e an
tﬁﬁcetpﬂ hald HeesdendBd two El6MdbBraphyistops Car i adcbiiblistkdtuBing any
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Ql i - :

PSP s R b B3 LA Ebute
dp@ﬁdpﬁﬁ%ly Prtidr Ffa raﬁplﬁtﬁhoh ioﬁitlheésbcbﬁ)d ;idsﬁmﬁh alr IOr‘ry ces ¥
cerevisiae, Pichia ast . A
few SSQIPSrBBleoVItAPHt Heiendiag fo pe ﬂ@ém{gé ove B hodd {Rlidiing BCIC
e TRy doin I HEFp R Rhoc NG (AR P e PO e
HEIO gluatettb aghdl mepd okatowt By to Basllewed bpdM Tiris hH %0 to increase
ool SRS BB b Sl B RS g i g i

dc@ﬁ@ &8 ak Be Qs A8FedsE the feie) CEXSefuatetoth pH Y g4 hbout
026 Various t pes of cells are known in the

Bh10 56 agd NGk 9@? ingrrase GROHDHERE cluateity alput 74h oA pH hold
t
\gﬂﬁyp c é}/ | «%ﬁft ?n almolrrllgo & trgt)fé lé{)@ SItn%/cnP { ?(%ﬂ%%igctlwty.

rom ris ini
One of ordinary skill in the art w1ll appreciate timing conditions for a low pH

hold step used in a method of the present invention. Typically, a low pH hold is
performed for at least about 30 minutes, preferably about 45 minutes, more preferably
up to about 60 minutes, and most preferably up to about 90 minutes. In certain
purification schemes it may be desirable to perform a low pH hold for up to 5 hours
depending on the protein being purified

If therapeutic grade protein formulation is desirable, then a second viral
clearance step can be employed, e.g., a virus filtration step, which is, however, not

required to achieve the levels of purity attainable by a method of the invention.
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depends on the manner of expression of the protein.
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According to the present invention, once a
reensration Aigotummnspsed i the pfesqamtlmrmpn hasbbedoredtio ammﬂxeb

TR ERE P TR, AP R kP eieed & avdance
aﬁh tigs¥a thagihg I@Pdlﬂﬁy IsRilleih ttheedrt Q10 85pradiatd @Rbrafond &8De made without
Figure 1), under aE@roprlate condi tions, as descri bed

deparang Sisay the snisit 6f Herinyensipac Eebupsdre Preasicd ﬁccsxrélpg to the
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purity attar nabl e prese
samvlezrttormmlut@nl ghep bhargcd i@ lyonsprrsaltpeg f OMBECESnd

et.ween t two chromat ogr aphy steps in order
eﬂ81 'Sragﬁgv%na Fedniraien ety B dbe %aaﬁma ot Fiep JispioHly there is
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chro ra t echni S. ar at tures o
BPETn Y, SRR SR e PR c PRty (bt Siep enigatizes

the resin by displacing the sanitization solution, e.g., in CEXC, NaCl can be used to

remove NaOH from the column and maintain the resin ligand in contact with positively
charged ions. After the column is charged, an equilibration buffer is used to equilibrate
the column in order to prepare the pH and conductivity of the resin to bind the protein of
interest. For example, the column can be considered equilibrated when its pH and
conductivity are within £0.1 and within £0.2 mS/cm of the pH and conductivity of the

equilibrating buffer, respectively.
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action which are typically a |ow pH hold and a viral

thi lcolugmi. dPptinmely, an%rl»@t Wewk 35¢p ¢enlbe peyipiroed atya denperofay patp than for
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FoRitspotidiid torseaeeaimites (b.g., BrEpaimitdspresidefcesi@oOnHlow rates are
chromat ography step. It shall be appreciated by those

dpcussad iﬁ%rfga'{t)@%ﬁerqﬂ infras Fae pHand gapductivity ebthe wrshulgr are
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mixializeteamvahafdICPpi ahe presentt nesilend, the washavepihl CGEXA,
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intending to be limting, a low p ofd foll owng HC C
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id d the pH of th | uate t .
il B METRERRT PRt nily Ty e el Gagion. 17
HOIC RS 9ed £t frdt @oRimr, fen @l thidd &/abl0step 0att bdemployed to further

alternatively, followng CEXC, IN HO or glacial
wdueq levels phanyshydsephibeepntan@aifease t he pH of the CEXC

el uat . 3.6 : I .
oo, Bo b8 Bror@naf il tbth s il ar RN el buter is
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| east 5mS/ cm_ i n conductivity. e of ordinary skjll

Falp e %HP tyngiand cqpesnEatioR ttqffy?m@ L gl atess Sopgpungl gl buffer
Rl oS E PSR thObEes inffuri Gltially in relation to th

[ nvﬁgr%ti gn. Typi cal l'y, a&%ﬁ@%ﬁﬂ%ﬁhﬁ%}é&ﬁﬁ 1ty mielation to the
protein of interest, whereas the protein of interest is retained relative to the impurities.

The appropriate pH and conductivity ranges for loading, wash, and elution buffers can
be readily determined by those having ordinary skill in the art, using the Example
provided herein as guidance, such that the protein of interest is recovered during elution.
In order to minimize HCPs in the eluate containing the protein of interest, a reduced

flow rate, described infi-a., can be employed, e.g., not greater than a corresponding
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thin03 enifless: I inkeshrfi NlartentivdanBit 0@ fdaihvertios] fhe W AGERhe CEXC
steps in the preparation of columms used in the
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it oY FQH%& A 8% RirRitest RPniRd AE ol QR8E no %? r{’%l% l:oo%?h{ég/in purity
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ang stage of purification can be determined by any suitable method. Such methods are

well known in the art and include: 1) colorimetric methods such as the Lowry assay, the
Bradford assay, the Smith assay, and the colloidal gold assay; 2) methods utilizing the
UV absorption properties of proteins; and 3) visual estimation based on stained protein
bands on gels relying on comparison with protein standards of known quantity on the
same gel. See e.g. Stoschek (1990), Quantitation of Protein, in Guide to Protein

Purification, Methods in Enzymol. 182: 50-68. Protein contamination of a homogenous
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Aﬂﬁh@uﬁ&ﬁé@&%%ﬁhﬂﬁﬂ the wash step in CEXC
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HCPs while retaining the protein of interest. The

first wash step in HCIC ¢ rgﬁcaphy renoves HCPs
whil e the second wash re tore hydrophilic

cont arhdyReéent ERarfiple debdribes thelfariifi®atyf of antibodies using a purification
method of the present invention. Fully human antibodies were prepared against an
activated T cell associated antigen (CTLA-4) and a tumor associated antigen (CD30)
using Medarex's HuMAb Mouse®. Transfectomas were prepared using CHO DG44
cells. Cell culture was performed using synthetic, serum-free, defined medium at neutral
pH (7 to 8) and conductivity between 10 and 16 mS/cm. The DG44 CHO cells were

grown to a density of about 3 to 10x10° cells/ml. Cell culture was clarified by filtration
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efficient for nucleic acid renoval because it nostly
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pecesmied wcherathe IQBX_C and HQI@thromat@gaphy s{@pshmnerexmsed i.e., the

H8ii5 b e P B P s FERTRE fons B RPr" P Rt non-

£feRita amwdtcsgrh;ﬂ]yrme@w@é HAi¢ Lisihg MEP 8lypsrG0yeRirafor 64}ure, as
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um and erentiall ut
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| te. at ich a xture %Iwnthe qurm
%Elél’ ?Fn (‘3} CORAugRRYILYy S@FO Ppgiggraphy step was

h
CE%@W&%E@OHS ré‘sfu?fcﬁ‘?hgsnﬁ}%é, a9'a8RLBEd " Bb1d 9, THRDfocess was

preferably not greater _
carried out using equilibration, loading, wash and elution buffers for the respective resin

as indicated in the Tables. None of the purification steps in the alternate process
included an in-process buffer exchange step, i.e., the sample proceeded from one

chromatography step to the next with only pH manipulations as part of the low pH hold.
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medi um usi ng a solution conprising the buffer or salt
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wore@sfiieed’ pH. The col umm may then be regener at BCI/US100010412
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Using a standard ELISA assay to confirm CHOP levels, PCR to confirm DNA levels,
and HPLC-SEC to confirm the monomer purity of the antibody, each of the two purification
procedures A and B, achieved a homogenous composition, containing less than 100 ppm host
cell protein (see Table 3 below), less than 10pg DNA/mg antibody and greater than 99%
monomer, which permits further processing and formulation of the purified material to a
therapeutic grade product. The contaminant concentration after the first step varied between
200 and 1500ng/mg for CHOPs and 95 to 100% monomer. The results for processes A and B

using two different fully human monoclonal antibodies are reported in Table 3.
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was carried out using eqU|I|brat|on, | oadi ng, wash and
elution buffers for the respective resin as indicated
in the Tables. None of the purification steps in the
alternate process included an in-process buffer
exchange step, i.e., the sanple proceeded from one

chr omat ogr aphy step to the next with only pH
mani pul ati ons as part of the | ow pH hol d. able 1.

Cati on exchange chronmat ography for anti body capture or
polishing: summary of nmgjor in varied including while
neutralizing in connection with are 0,1 respectively.
to bind the host cell conprom sing
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and buffer pH 6.2, mas CAPTURE. be filtered through
is MEP HyperCel Polysorbate' 80 final purified are 0.1
w@vdao2rvity and while to falling Abs2so tai |l PEyUSH006/010412
the mcrobial growthNaP = Using a standard ELI SA assay
onfir | evel s, PCRto confirmDNA | evels, and
WHAT Q@iﬁﬁgxﬁ;irnwthe nmononer purity of the
anti body, each of the two purification procedures A
and B, achieved a honbgenous conposition, contai ning
1. Aessthod & profyippantigsre, sdich qomanrisena fasgss preipipand one or more

below), less than.l DNA/ nti bod nd
contamiRge TR I Hop e 2 P irsse ks ShOH Elerapny step
and a hy@6PRELAS dHRRsdhdidiidn RUfInhdt@Etapif &€, avhekdin therdiBmdiRYPrdRss
gradefproduct. The contam nant concentration after the
tangential flew fitrafionsien. ead gotispdmerbe tagt P1%evng/ my f or CHOPs
and 95 to 100% nonorer. The results for processes A
and B using two different fully human nonocl ona
2. Anhethod f@usaifEng e mlflkﬂu&d whichTedmhyerisss T advge poteiSLamimnyg opfnore
cont anm nant, renpval using s est e urificatjo
contamigapts uBiciyoprturahas  bepem/ah ?c@é‘ t% W%@g‘f’ﬁl&flhﬁfcgﬁ %‘1}?3@% ng
u q of . ) @ a
e S 6 R L Pl Dt RaiGfraphy
step, whirainihere isncein-firocese sengenipé flowr fdiratioystep pd él%eipolatnrng the target
. _hydr ophobi ¢ charge i nduction chronat ography step,
proteilyherein there is no in-process tangential flow
filtration step, and (b) isolating the target protein.
2. A nmethod for purifying a mxture, which conprises a
3. PAangied forawsifying Aanisivee, oyhiek pempriies atqraetiretein gidoge or more
m XI ur e. . . |
contamffehfr b i RS BesShoh SRy Bad o PH R ABRE L iRy
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wherein there is no in-process_tangential fJow, .
step, wherpinthere S EROCesH éanggl}thl g@l""a@itrﬁao? ﬁgp,tagfléé)( 1solating the target

protein.

4. A method for purifying a mixture, which comprises a target protein and a contaminant
selected from host cell proteins and nucleic acids, comprising subjecting the mixture to
cationic exchange chromatography and to hydrophobic charge induction chromatography,
and isolating the target protein to a purity of about 100 parts per million (ppm) or less of host

cell protein and about 10 pg/mg or less of nucleic acids.

5. The method of claims 1-4, which further includes a viral inactivation step.

6. The method of claim 5, wherein the viral inactivation step is an in-process step.
7. The method of claims 1-4 wherein the mixture is prepared from a cell culture
supernatant.

8. The method of claims 1, 2 or 4 wherein the cation exchange chromatography is

performed at a pH range from 3 to 10.
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90 mS/dret hod of cI ai ns 1 2 or 4 wherein the target protel n
binds to a cation exchange chromato

15, Thometod B claiEe M3 o LORGGR 19 FESIROITONS0 G 40 BPeR
charge 1?1&11 & hgcﬁ‘ﬁ% glfly &L t ot % H 630 arftl MAGI&IVRY kel 8o

Fein obi ¢ charge i1 nduction
9mS/cnt:hromat ography colum at pH5 to 10 and at a
conductivity range fromO to 90 nS/cm

16.  The method of claims 1, 2 or 4 wherein the target protein is bound to the cation
exchange chromatography column and the column is washed using a wash buffer having a

pH range from 3 to 9 and a conductivity range from 0.1 to 40 mS/cm.
17.  The method of claims 1, 2 or 4 wherein the target protein is bound to a cation
exchange chromatography column and the column is washed using a wash buffer having a

pH range from 4.0 to 8.0 and a conductivity range from 0.5 to 10 mS/cm.

18.  The method of claims 1, 3 or 4 wherein the target protein is bound to a hydrophobic

charge induction chromatography column and the column is washed using a wash buffer
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15. The nmethod of clains 1, 3 or 4 wherein the target
protein binds to a hydrophobi c charge induction
W@ booera2oyr aphy colum at pH 6 to 9 and conducPCTiU$2006/010412

range from2 to 9nS/cm 16. The nethod of clainms 1, 2

or 4 wherein the target protein is bound to the cation
having a pKohagegzom Hy torkdtand eapnJuctiyity snegdipme do €8 is

washed using a wash buffer having a pHrange from3 to

9 and a conductivity range fromO0.1 to 40 nS/cm 17.
19.  ThbgetRidTdifis ¢l Riofs wheren the tdrgeheoimistioend tr glaydrophobic

_protein is bound to a cation exchange cHromat Qgr ¥
charge inslgFtionrchaprmatoseaphy colw; A d iR FRIEMA LS %@Sh& WESR abuafsﬁi’lu o
. havi : tivit

naving 51608 Bl 57 B A AUA Y A B oot ol i o

1, 3 or 4 wherein the target protein is bound to a

hydr ophobi ¢ .charge j nduction chrongt.o h unp: _and
20.  Theanetindphelam ﬁés%é%wﬂgFﬂdg%t%eé H@E‘P%i‘ﬁgsa%?lﬁghea P
exchang% glﬂ%%ﬁgor%?a@{lg oDt 6H ane be 8 ity 10 ¥nd AB@RIUEH G Gngofrom

The nmethod of clains 1, 3 or 4 wherein
0.1 to 40trh8/ctrar get protein i s bound to a hydrophobi c charge
i nducti on chromat ography colum and the columm is
washed using a wash buffer having a pHrange from6 to
21,  Theahdhad §0NSuet T, 2idry wissge thd arped piotdin eitesStamthed@tion
The nmethod of claim1, 2 or 4 wherein the target .
exchangp clitomiatogsanltyees lymp A 3 P rengeifm 40384 %nd‘é%?%}‘i‘gf%v&yarﬁﬂ%ﬁ

coLu at a pHrange from3 to 10 and a conductivity
fmms‘[?i%&@?%m 0.1 to 40 nS/cm 21. The method of clains
1, 2

, or 4 wherein the target protein elutes fromthe
cati on exchange, chro ogr aphy col u at .a pH .
SRR R e KR R
i {hat b b mat cBluniesel g1 g e hngs 0 tp 7ot sidn
chargelgﬁjc{t‘igg e?r}ba?lnkt he hydorgg%ﬁlgbi c char gﬂ(.eHi nducti on exchange
conductdiityaamdediom Pty 20ohS/m. at a pH range from3.0 to 7.0

and a conductivity range fromO to 20 nS/cm 23. The
nmet hod of clains 1, 3 or 4 wherein the target protein

13 hdihedofl bPRalNE 1 Ny ek PREekIChE bRs@Proteiiaiteofromthdhydrephobic

chromat ogr aphy colum at a_pH range fron14.g to 6 Od
charge indebtimnespltangs chiomategipdy cofusmy at aJPngI gangegrapf Orfp 6F4and a

The net hod | & 2 or 4 wherein the cation
Condmtég%gﬂﬁﬂ%eeg%lﬁﬁ%lng%%ggg% y step enpl oys a cation exchange

i gand sel ected from sul fonate, carboxylic,

car boxymet hyl sul fonic_acid, sulfoisobut

| but y|
24.  The metodywf ’c}/a(i:rgp hok 1 4 Wgsqegh@ﬁ patb(g}} CXCOfR c&ﬁ?}'{l?to graphy step
employ3 4 LRROrSRHAYIe 138d QEitaPRORIRRRbRate, carboxylic, carboxymethyl

sulfonic acid, sulfoisobutyl, sulfoethyl, carboxyl, sulphopropyl, sulphonyl, sulphoxyethyl and
orthophosphate.

25.  The method of claims 1, 2 or 4 wherein the cation exchange chromatography step is
performed on a cation exchange resin selected from Poros HS, Poros S, carboxy-methyl-
cellulose, BAKERBOND ABX™, sulphopropyl immobilized on agarose and sulphonyl
immobilized on agarose, MonoS, MiniS, Source 158, 30S, SP sepharose, CM Sepharose,
BAKERBOND Carboxy-Sulfon, WP CBX, WP Sulfonic, Hydrocell CM, Hydrocel SP,
UNOsphere S, Macro-Prep High S, Macro-Prep CM, Ceramic HyperD S, Ceramic HyperD
CM, Ceramic HyperD Z, Trisacryl M CM, Trisacryl LS CM, Trisacryl M SP, Trisacryl LS
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25. The nethod of clainms 1, 2 or 4 wherein the cation
exchange chromat ography step is perforned on a cation

wexwhange’ resi n sel ected from Poros HS, Poros B T/US2006/010412
car boxy- et hyl cel | ul ose, BAKERB(]\ID ABX(t n)

SP, Sphirndrahd PEHONMERJAFOY R RBERCH cArsn Kot Db ES MAgs?:
Matrex ﬁglﬁxw&gsgarr%ﬁﬁm e, FRAKSRBEND Gaysb %Xa@g&llm SE,

Hydr odel | Hydrocel SP,
FractogdUNRED GO @-, &IthteoWI@alemdl-StgmgS;atmdb@hmgps, leo@w el a@d

Strong CRling ggﬂ%ng%%@ﬁkﬁgﬁw £ ﬁfv% @@%%@W Pofaggert oM (6508,

i hgsodessocS, BRI (DOAEXS B SE(shESY), P11,
650M, %?C?%&ﬁé?agﬁ%gt(?%ﬁ ggoggn %/\EX ( MAC 3, 2I?/at?(ex 5Cﬁje)l | uf e
Expressﬂ“ﬁ@@anbVEt}qpeesS@@hSufne C200, Fractogel EMD SOB-,
Fract ogel ENMD SE, Fractogel EMD COO-, Anberli te Weak
and Strong Cation Exchangers, Diaion Wak and Strong
26. ﬁ?etﬁlaﬁo&f:aaﬂﬁser R orSlhé&ein tRPhaxRYpidRic a}ﬁh(gﬁaﬂuﬁﬁrﬁ PW
yopear|l CM ( 650S, 650M 650QC), . Tqoyopear | 650S,
chromategxa y 65@@)1plma(mérop@2blcsharge giushion slyymatﬂgrap y ligand
f t
compris ST afeu AR LR e O s B e P Rlchain and o
least oné mﬁﬂﬁtatcﬂlmOﬁhw@meogmpmyosdestmttu;es a hydr ophobi c
charge induction chromatography |igand conprising an
ioni zabl e aromatic or heterocyclic structure which has

27. T‘ﬁbn@EﬂhBH aF bfénﬁ h@'&he@aﬁ iRt hyldesphbbRMBasdlihdilctiah eRloafatdgiphy

er armand/or ligand Structure. 27. The nethod of
ligand oohmnms%gmfap seleoted &em@ammn@mﬂpmmé -pageethyppyridine and

iR TRBE AP S AR R

mercaptﬂ)eﬁmp@ﬁﬁﬁfehﬁﬂeﬁjéf)to@bﬂﬁ mé}cwﬂaﬂbmyﬁiddzﬂﬂ based,
-mer Capt opyri di ne or 4- nercaptoet hyI i di.ne
mercapﬁ@meﬁa/ﬂmud@ 2-meicepipbaaieidpnle, aninpag: { bpzipadazgle, histamine,
rca r e,
e BB T i S
ammopf@lyﬁﬁl@ddzblén Ziniviodagrolceacid] nitdhy iy bappismeidn ne,

B o o
chlorohg%?(géroe?lgﬁ'c&% %@Qﬁ@} XGy hiRGwy 12 EARE, A§RhlicY, thiepladhbo.,

ram ne, ydr oxyphenyl aceti ¢ aci d,
glutathioye bisaypitatn yhd detsi or adérivativy therdofie, t hi ophenol ,
gl ut at hi one, bi sul phate, and dyes, or a derivative
thereof. 28. The nethod of clains 1, 3 or 4 wherein
28.  trRenfttacsrReking 1cBaF g@vhefaﬂ;u fHeil9ArsphbBITRhAGE apduytist ep
i's performed using a_hydrophobi c charge inducti on
chromatagsanhystdpds pedfornpasiisvER ephobic charge nduction resin selected from

MEP HyperCel.

e

29.  The method of claims 1-4, wherein the contaminants are selected from host cell
proteins, host cell metabolites, host cell constitutive proteins, nucleic acids, endotoxins,

product related contaminants, lipids, and media additives or media derivatives.

30.  The method of claims 1-4 wherein the target protein is an antibody or antibody

fragment.
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29. The nethod of clainms 1-4, wherein the contam nants
are selected fromhost cell proteins, host cel

woredoaboil2rt es, host cell constitutive proteins, POIUF®0€010412
aci ds, endotoxins, product related cont am nant s,

|IpIdS and nedia_ additives .nedia d |vat S.
31 Tieangthodptclaim &9 absrein thg apj ilﬁafl?fgloP]Z’P IIBP%f ei n | s

an antibody or antibody fragment.31. The nethod of
claim 30 wherein the antibody is a nonocl ona

32. ‘Hrtrhétbod of d3im Ihevhemihthd anfibadyas mially himeareantibods.
antibody is a fully human anti body. 33. The net hod of
clai m 30 wherein the antibody is selected from

33. ’ﬂ{étlhetg&ﬁf'clﬁﬁﬁ B0 Yhéreii the ARtibody33 Qeladttd Bodyanti3@TLAR@ntibody
met hod of claim 30 wherein the antibody is sel ected

and antifGIa30 sitihgldg- chai n anti body nol ecul es, di abodi es,
| i near anti bodi es, bispecific ant i bodi es and
mul ti specific antibodies. 35. The nethod of claim 30

34. Tenehsd bhelagh B0 kadyeil thegnEbddyl is seletted fioch émgimcﬁaib antibody
Fabl, F(ab')2 and Fv. 36. The nmethod of clains_1

moleculgsh diabpgics Hileenanjbodiss.Jiwreaificangbodissandoamiksriciic %ﬁlbOdleS
The nethod of clainms 1-4, further conprising the step
of fornmulating the i sol at ed protein into a

35. Phansthodof cxiah 30oviesh theamtibody fragment is selected from Fab, Fab',

F(ab"), and Fv.
36.  The method of claims 1-4 wherein tlhe target protein is an immunoadhesin.

37.  The method of claims 1-4, further comprising the step of formulating the isolated

protein into a pharmaceutical composition.
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