WASH SOLUTI ON AND METHOD FOR AFFI NI TY CHROVATOGRAPHY Background of the

I nvention 5 Affinity chromatography allows for the purification of a

protei n oboizntigr7exsd froma m xture of . nol ecul es, such asTtaEPe@blonoas
harvest, based on the preferential binding of the protein of interest to a
target in solid phase, such as a gel matrix. This solid phase conponent
typically is formed into a colum through which the m xture containing the
protein of interest is applied. In this initial step, called the capture
step, 10the protein of interest specifically binds to the target in solid
phase whereas ot her conponertaSHhSOR4ITHOM® WD MBWEKMRough t he col um.
However, certain conmponent b e g hi gh nol ecul ar
wei ght speci es (HW$), Iowﬁag Ieg%ﬂ?rﬁ (m%}%%{knﬁ%}ﬁ&/\é) and host cell
proteins (HCPs) may remaln within the colum as inpurities along with the
prot ei n offschtemadts meentiypi cal |y one or nore wash 15 steps are carried
out |n whi ch ut|o are.a m to
removeSt hese .ﬂ*ﬁdm ?%ﬂ%%%ﬁﬂheaf e P BPhar Ag drh R aigeder n or
interest .t heisald o phasses, Ridhads! a)mﬂalfa} RErvE€mdal oofheipiPfohtihies by the
washi ng step(s), the protein of interest is recovered fromthe colum by an
el ution stEEing of mperecinat BREE o 2 BB opid Mee.aeh Upt 8etmdribi ABSng of "t he
protein of, S d he col umm
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depends i n Iarge part on identi f% wash condl tions that al I&\év for
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proteins that contai n Fe region, suc n od| es and
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of i mpuri ik @8pkNIRMaRHELEHNHE peRbMBT $atelcC MUk QQ%M@ﬁhmﬁQ{:Hﬁ{ht@%‘sﬁont ai ni ng
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of comam n mat ogr aphy wash

buffers coi %rhﬁ”ﬁé %‘g dt*‘!?}@%%@k‘ég‘g‘s%@“d?ﬁ }(‘:%Il%]fué‘éﬁ’m ‘ﬁg‘hg in combi nation

W th ekther a depbatig@Btly (&0l typd WEARAnRY Lhiroda&QhrMBNLs bo@n A hexyl ene 9' ycol )
or a podner (e.g, pol %gt hyl ené gl ycol ), have al so been described (U S

Pat ent No. ahaum@g,ﬂ'@m tler;ere@emw afl prpteimBabat saniatn ol ingeaweidheliafc

i nternedi ate was | i 5¢hr. ngOSto
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ar gi ni ne, dsdMcphosphatg/acabatiediifd efotaih Pbbion@), indihilisg argh sblngemash st ep
is reported to renove FICP contam nants, The authors also tested an

i Nt er medi APBEERHOEH RS SRIoRAAE RERPEIGREEISOWR UM @ ori de at 0.5-2.0 M at
pH 5. Qn 7,45, N f.hGROdecr ease
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descri be VXHQWWSD PP TR e%ﬁ?%hgfw/{“éﬁﬁ urb?)ﬂum%t 4 CORHRNY aggn éf rot ein A
colum, with a wash buffer that contains arginine, or an arginine
derivative at a concentration of O0.1- % O Mand at a pH of 4.5-8.0 (U S
Pat ent 95 Publication Nos. 20080064860° and 20080064861: PCT Publication No.
WO 2008/ 031020) . Argi ni ne has al so been used to e ute proteins horn
affinity chromatog, raphy colums and ot her types of purification colums.
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30buffer containing 0.5-2,0 Marginine at pH 4.1-5.0 (Arakawa et al. (2004)
Protein Expression and Purification 36:244-248; |'stainoto, K et at (2004)
Bi ot ecl i wD.20Arw0838920: 1301-1308; U.S. Patent Publicati oRCREP22005®176109) .

Additionally, U S. Patent No. 7,501,495 by Eiima et al. describes nethods

of eluting proteins froma gel filtration colum by using a devel opi ng

sol ution containing argi nine hydrochloride. (Those et al. describe nethods
of eluting proteins of interest fromunderivatized silica -using an

argi ni ne gyradjens. as, th L, yant | se.. S. et al,. (2004) Biotech. Bioeng.
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This i nveﬁpﬁ%ﬁﬁg?%%g{ég zg(w\’{aﬁf"‘i }gé?gh%egiﬁ %r‘%lgu’s@{%éﬁ“g’gﬁm&’f"ﬁ affinity
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use resul % HiGHEYeI%ae LiBaeniNGh 6STROSA LY drpesset of ). tenypeidheien of
interest ehuhedifsamdReaf Ehoht YofBhLix while ef fecti vel yi. rempvi ng bot h
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characterized by.the pr esgncg\Of bot h arg, i nine gl_or an argini ne derivative)
and . a norbutt 8FTHgTEATTO VAl §f Rerdamipapy) 888%‘5“&‘1"?5:»“1§r3é5ﬂ’érabl y, the wash
solutiton IS at Pabtgh 0 bhr-on%gr@@@\/\@axﬁ-b@fib%@@ﬁ&a%ﬁﬂ@hﬂ%b&ﬂas@%ﬂﬁ&g' ni ne(or an
arginine derivative) and a noribuffering..saltrenoves considerably nore

i npuri ti esMoRER). JBR 05 81 Weitomsicsoritiagitliong defetdvat (car. gl weane2(Dra sdldnt al one and

results in, harperel ution peak correlating with a high concentration of
t he recovétr'g'dﬁgkgéﬁgi%ﬁg : (%rrﬁpedt[f}é 3T {e.8- po E’E‘h}&é‘g%rg&fl"r?& pa,“"elags‘b]ﬁ’émas pect, the

i nvent i on dpsceivbdies. SaParehttos @ 7oNITAMCERG @RI fied protein of interest
using an affinity chromatography (AC) matrix to which a protein of interest
i s bound, the MfRBY! toRpries My luRsHiing vhd sabtivatfor Rrowiit B one or nore wash
sol utiyens .¢ Eds1:0Q (1) @R 9hRNe,  oF . an. argi nine .derivative. and (ii) a
monbut or - ha Bt bl B B0 e R A G R M P t heac
matri x. PodkefdabtynalttheMprghiekn).of piakpliestcdae boased point 0). thes AC matri x
prior to washing with the one or nore wash solutions and the protein of
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In a preferred enbodi ment, the A%{ %gltq%;éfo?iy{g&%&r’%keﬁril)"f,ré\“'?osltigﬁ%égr(gavari ous
ot her enbddi e rtpsricd Hut A Waltrisshohmwvibno fignifiexanipbeasesieHHeR @hrfanam t he

gr oup»§0nsk St of a,Protein G colum, a Protein . [VG colum, a Protein L
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gl ut at hi one- S PrAfHelas BescaBTvaghag of fhymbrohatogriphgsoBmeps@®ags! |, In a
preferred, adi, the.protein.of .interest is.an antibody or antibody
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ot her pr otledivisivthat chisirhood hieo. abfo B dd et sessdesar shedeherein are al so
suitaple Eor . }qu#'b‘f ication according to the methods of the invention.

in a pref EFYIEFIPS NS ERUTENTCIS0H end ARIIVO YT Phd Shibdisttism nsWEonpr i se.

Ar gi ni ne- kg opreherably at a concentration in a range of 0.05-2.0 M nore
preferably in a range of 0.05-0.85 M nost preferably in a range of 0.1-0.5
M I n particul atrgnbedibsent beenArsgil ni detchiChicirs fpnes@nityatransongsnt rati on of
0.1 Mor ahout 1_1‘%_ Ni-‘f 150..25 M or ap?u“t 0.25 M or 0.5 Mor about 0.5 M
I'n other EABSET AEHPYES PRE Yaribeatmr @laeh Kantralis \ekaprics@: an ar gi ni ne
derivati veescHYEMe®d o0 YAt dRS He6] £ &AM LAEmANLONB £ MRIat | Ng of
acetyl arginine. Nal Q a.-butyroyl -arginine, a.gmatine, "arginic acid and

N al pHa- phuisirepntamregd A0 B efeorabitypH ¢ e Gt Yiakime cor. @OGinPnecideri vati ve

conprises,L-ardinine, although.bD-argipine is, also enconpassed, 20In a
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sol uti ons¢:s3sietinsmichl mtdnd eubiNaGh) Nopred®n abl i) ak JaiGRReeNt sagdgR i n a
range of 0.1-2.0 M In particular enbodi nments, &laCl IS present at a
coticentration of 0.75 Mor about 035,M 1.0 Mor about 1.0 Ni, or 1.25 M
or about 1.25 M In other enbodi nents,” the nonbuffering salt in the one or
nore wash solutions is selected fromthe group 25consi sting of potassium
chl oride, cal ciumchloride and magnesi um chl ori de. In a particular
enbodi nent, the pH of the one or nore wash solutions is greater than 8.0,
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isin arange of 8.1 -9.5 in another enbodinent, the pH of the one or nore
wash 30 solutions is in a range a 8.5-9.5. In another enbodi nent, the pH of
t he one owOrmrig7ssssh sol utions i s about 9.0. In another periEPdéno®nNi076 t he pH
of the one or nore wash solutions is 9.0. The argi ni ne and
nonbuffering salt wash conbinati on described herein preferably is applied
in a single wash solution that contains both conponents (Le., the AC matri X
is washed with one wash sol ution that corrprises both (i) arginin.e or an

ar gi ni ne rnatiyely, two wash
sol uti onsq\fe g\r@tl éﬁ%‘%%ﬂgﬁ “é) dl%h‘ixﬁ?é\ el A “é?b ??%%fﬂt‘d%?ﬁ A% (preferably
at a pH grgaheh d}h@;ﬁhﬁvﬁém@-ﬂddtﬁ?;ﬁ% laatm@lom RdifinRgr@nhenbabbeniipg salt can
be used in, tandem washes. Accordingly, in another enbodi nent of the

washi ng méteede! 4 HESEesRethpgs Wiwawéﬁﬁ TSR vB Tl gk ier fir st
wash SOl Ul 0 ,A0fhifnS GRRMG: UESN ABLLIGRAC. d 0 ONERIDERI TR b hhie TiTst wash
sol ution conpri ses arginine, or an argini'ne derivative, and 1>t he second
wash sbl utdi/eh Wdﬁpr‘ﬁ@eé’amﬂrﬁﬁﬂuﬁtﬁ@rNnﬁfgif}gatl)iﬂmt!mahﬁﬁmeruerﬁhhddrﬁmt t he

first wash sol n _conpri.ses a. nonbu feri salt and the second wash

Sol ut i on Cungid sEabsrarRere SrlaR o ARG et FutwiBRs of e FECTERER ashi ng
met hod of dieul OMRINELRM ASwBELRCHE Ve P'nﬁkiﬁ]e%i\!ﬁﬁ&x& M@Ei St ef inpurities,

i ncl udi ng hi gh nol ecul ar wei ght..(HWY species and host cell proteins 15

( HON) . hvdmbhofam ttitreeticaspdonn (HHa andvienedtonn py wvshdd svide snetthod of

produci ng §fﬁ§f Jfied antibody, or antibody fragment, using a Protein A

col umm, t hg" Ihbtfmélb}?‘prl sing (a) 'loading a m xture conprising the

anti body, or antibody fragment, onto the Protein A 'columm; (b) washing the
Protein A_ col urm Mt a wash soiution.conpn:sing (i) Arginine-tia. at a

concent r atEEHRER S A5 ARYENSR 0"05-2,0 M (nore preferably 0,05-0.85 M nost

preferably 0. 1. ﬁﬁl n”thmwlégddntmmeﬂla@alﬁm ahslBsAQNGERE E@LION I N a.range
0,1-2.0 M _wherein the .wash solution .renpves inpurities fromthe Protein
A cohunn; chrehategrapiyues ﬁgﬁ theagneg b‘@ﬂ@dq sring s soeor rdgreath sofgtom t he

P~y P L0 S TIPRAIRR o ORTLIRSLR, 3o PLERET 2 2,

M or aboutan@hBhMonddhifasid (Qlihﬁaﬁm&iulﬂ bﬂdm&mtﬁmﬁh@ﬁla hd @fﬁﬁneaemﬁx ahila
concentration of 0.75 M_ or_ about 0,75 M or abou or L25 M
or about Eftegivgly yemayig %ﬁléhéé}i‘ﬁﬁ‘é#%ﬁt‘%‘vm}ﬂw R GV a%§?‘f"§b‘l‘ ution is
greater tha : e e I‘ t 8.5,
nore pref QB,?[ ?%ig )Eﬁ(%%gy ¥élﬁh% o?ﬁg %@eg@gﬁ I}q{ﬁ"ﬁg :Pg(ﬁ ei\g)t‘S{}%l%gﬁQ 5. 30
pst ai ksj E’Jr&lﬁhpimrs'gd by afe pﬁrb&nmué}mtﬁzeﬂ,mim {or an d?ghﬂ!f&lﬂi\‘tﬁﬂﬂﬂ\r@hdlm@VI des a new
washi ng sol uti Qn for aff nit chro r.a suc Pr ot ei

Chr orat ogPapPiieringisely wuglabbﬁ@ae% &ﬁgffagﬁ’%ﬁ % SR b SRR b ¢ he
protebp ofuphill €5EFhislBnibBIBYE ol FRMGHE [#%n a?h@mﬂﬁ@hﬂ@ﬁ@ ngisol ution is
conposed of arginine, or an arginine derivative, and a nonbuffering salt.
Typical ly zicnheimgh;ahgue@mwmnétrr@b amca:quewswﬁs@hm\iv@h solutm* As used
herein, the term B r1.Nn9,S . m?}} 0488 un ,hat, i's present in
the wash $8PEFYERS ‘r‘réfmﬁ“gm sfM tay(pné: al gﬁ& t 'H éb“c &f i*6R° such that it
does not subshant vikhlayhiSOBd kR tRNt thekab kAl bive: @ﬁn@:&:{i he wash

sol ution(s) under the applied conditions (such as hlg upon addition of
acid or base. TFypbubpgly, neRe dﬂ}’{%bﬁkﬁ}f“f‘é’tﬂl@ﬁ@f@aﬁhﬁ ERS ﬁd F‘bﬁli@é“‘s‘ﬁg f.
Nonbut,teri NG nprise C
or Br ﬁ%m) E\%{i%@#&ﬁuw? ngjdr%i u% %%ﬁnlﬁ Cuar%mmﬁﬂ }339%'(' gﬁ%otﬁrtgr@}lzcsllﬁzgg al kal i
metal s or p@xhtlﬁaaﬂdf n@(cﬁ:atf it hotmet, aﬂiﬁsmi,tﬂlﬁ@ Ludpﬁgn@/kw@ﬁn‘}@& Anehadix (Maroae

preferably Na or . . The term"nonbuffering salt" does not |ncI ude

buf f eri ng % a"Fﬂt‘%“déh%fﬁ“‘éf@“gam?ﬁmf‘ééﬁt"ééi‘é‘““%@F‘@ﬁ&‘ﬁ%éﬁﬁ‘e@é caifdt R s, t hat
do substanti.aldy;.conkribute 4.4 af ﬁ\teg'é E\Qﬂ{x@t@i ngmxﬁfth@AWafﬁL\nQ()l uti On( s)
under the app |eoP conJ tions. in a erred odi nent he nonbufferi ng
salt is a falkohbn teghttciroignieroongridiingicChe grC Brjrix ;binnammih%em snthodi nent ,

the ngonbuffering salt is hao sal ‘.th, .conpr.i s (Na) .

ot asalumtbiine Saraiedrst ey or FRghEBiot oMo Tor B Rl B So i (e
or pot assigik Kier wish¥el wan afchk @ FRedwaaNioluthie. ﬂ%mtfui.@rthﬁ@mﬁﬁlt is

sel ected from 90t he group consisting of Nael, .KC1,. CAMand A/NCl,. In ti
parti cul arinpupties fepmn &k Akbediivent, the nonbuf f er | ng salt is sodium chl ori de
(MCl). Typically, the no.nbuffering salt is used at a "high" concentration
of at least 1 M Qher suitable concenirations and concentration ranges are
described fitrther below. This new conbination of wash conponents renoves
considerably nore 25inpurities than conmonly used. procedures w thout
affecting recovery. In addition, this washing condition results in a.

shar per el ut| on peak correl at| ng W|th a h| gher concentratl on of the protein
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ki nd and nunber of subsequent purification steps. Another inportant role
for affinity chromatography is to concentrate the product, which allows for
t he use owoZ3prigpssspi onal ly smaller, | ess costly col unms PCh/EPREISATIE6AT
purification steps. Therefore, it is particularly inportant to optim ze the
renoval of inpurities during the affinity chromatography step. Low pH
conditions, typically between pH 3 - 4, are a requisite to elute the bound
protein of interest fromthe affinity matrix and have the drawback of
10potenti al |y gj Qgﬂﬁérﬁgl L%gg}ld%géﬁtl @ A(HhISETN fs%afl Jﬁém Iﬁ\?‘%ﬁmﬁ{ r;lnn,g‘gg#,

condi tions, such as pH 5.5, have been used to wash nonspecifically
bound i rrpthﬁr t-‘iil‘b@ilfrm)m tﬁlhe&{cm&mgm\i gt epmepler sdlauged fheniting gragct i on bet ween
t he protein t he ff|n| trix,. Recovery of the protein of

&.01\? ﬁ% q(.l a%l ty
i nterest | F‘I&I\}é\?é) LR S HE 5‘%‘8‘& ATV Bt VRF LICQI9h %Bf t he protein
of inter Qﬁﬁmﬁﬂu&@ﬁ}%@ﬁ Qmihh@ﬁl%ﬁrr@ﬁ%«ﬁﬂﬁ'{ WA BLWRY, kicRghRluliRkal, 151 oadi ng
densities Accordlnggéh 2 pref erred enbodi nent, the wash sol Ution
pr ovi ded coppEhE Mg @I‘thveq@ﬂmmm 5o lugay Bt bigdousitgsgiendiog pedeiat a hi gh pH,
greater 9 r teln of . inte est to the
af fini tyHr)rIgglt%r} 8IX o %\halgfiﬁuigiﬁﬁatﬁ%ng '5”[9 FALS r“éjf‘&gﬁb%ﬂ*{) {égmn.m.g s ¥ wash

' sol uti oBubpTagtt |Ima,tmdeht@mb@@rr&ﬁhyh@gs;@wnﬂ@dx.h:yut Renphes&nf or7/0i nventi on
xture of .arginjne (or arginine derivative) and a

is based o
nonbuf f er‘i"'rr‘}ﬁ’%é ::\g’lfaﬁm‘*ﬁtr BahintT § et oniiEdy §’c‘fhé"b RiPgpeinkd ey altyaieBi ophysi cal
di versi t yypf I'i}'iﬁ?hkr dhhi 8R4 RS 8 ‘%mmw m&%&%&@?ﬁdﬁ%&&n R e )h‘fr‘w JHLAL pgxtracts

results in very di verse.. nobdes I nteractions e sofla phase of the
chroh&tognaﬁmymvmadmﬁmkamdkﬂnubﬂﬁtﬁ@hﬂm\ﬁnumeln of interest. More or |ess
strong tetherhng urities be the resylt of 25non-coval ent

i nt er nol ecul af { At% ?ﬁgﬁmﬁﬁgnﬁgﬁ S0DE REMOTOV D! WEHOSE COBWEH as hydr ogen

bondi ng, A@Lﬁﬁm 1951, ?hiiéh hIeL AGhd cﬂﬁ%mﬁﬁﬁ%’;ﬁﬁﬁo&' {P{W‘aﬁ‘i‘) Ma&o&%reéé% forces

or a conbination of thesé types of interactions. Therefore,” a combi nation
of severa1ﬁdm§¢e?%ﬁtiﬁﬁﬁﬁannghw&tnﬂﬂennwangﬂpﬁ@]ﬂ]@bi1gwbumamm to be nmuch
nore effecti an_an. appr.aach based on removi ng
Mopur 11 GG Ar S GRS et ar s el st Pre L DREU e b Wal ¢ 1 ¢ e
washjsol utison or Besed. Bt feo anaby kigab, siat an bﬁﬁ@txﬁbo@irﬁhﬁaﬂh@:'oﬂt, by

i nteractions between the protein of interest and : he affinity
mat ri x aﬁé“%ﬁ?‘ﬂﬁQH%€W*b?mﬁﬂwh@?ﬁﬂﬂﬁﬂhﬂhhﬂﬁ@ﬁb@*ﬁ%ﬁ%%ﬁ I%QNYE*GbGﬁ@entratlons
wher eas d. €, RO LLy 59 gh d residues
et he%hﬁ{]%gl ﬁﬁz@'}&ﬁ%ﬂ%ﬂf ‘%{ﬁ d!i&oﬁ&?'% “@993{:& G ar mnﬁoag, aEiL gs ¢ are
removed ezfgﬁmcnedtdhy\i ﬂph&}@dﬂd’a@ Vergindniz) érmatabil\»nﬂzemﬁkm@cbm@auhet mted by
nechanisgl s tho ht that tgg nonbuffering salt used in the wash

sol ution A t?hé“@ﬁﬁ iR p R hgE ﬂ%ﬁ“ﬂ“ﬁ%ﬂ%ﬁ%ﬁ?%ﬁﬁ%“ﬁ%@meen char ged
cont agi nants {4 SR IEH)okBhART B BANTREGLILE A 1t Uhemcm{:@@%(}{ esi dues on
one or nore conp nents of the aftinity chromatography matrix (e.,g., the
chenmi cal sislu@qmrts sofmtchrmat NoK!)spreferdsy at  esicepirdtiion uaﬁ.ﬁ*angctcﬁ Olt-péand

i obi l'i zed. on the matrix and/or. the target of interest bo o the ligand
oD |1 SEdOR A AR SR REICSHSF B THETERE Skl 1€ BPHA ng o
the bound 7EQiiar 0@k of Soduli@ o AMBDI bé 2e6; dH@ands M. in othMddhbddaapasckné 0 the
effects of arginine in the wash solution, it has been reported that

ar gi ni nenpehdisragsdt schabiy mz@uw&%%nh@r}eti%ﬁpiuanﬁédrwr drai (Umetsu, M

et abg ( c Bi.0 97:,. Tsunoto, K. . et
i . “Eo005 BBERE o ST o) RPN el RS cpli Mg kR Aue (ST the
formation of zniéaggtﬂgam&;mﬁk%&m@? { &f thetonabr mo2003h @h@@hem Bi ophys.
Res. CoMMUn, 304:148- 152? and -reduce nonspecific adsorption of proteins
to surfaé@s‘“{ Eyeniel. opferablvat lessoboaore prelrbhatideit 8.4 and goen worss) - i | e
o et 2Pl RIS J1 K DIRERGR! AT e! GANELAGN Of REGLELS
aggregatfon nay originate fromthe in asking o rophdhlc pat ches on the
prot ei nsjs inkiraied ofter acl. W dobtler givhbdiencoil fikespht pf éramt mnzourmysli ake pl ace

bet ween. the guanldlun1 Q nin nd tr roups on

pr ot é‘l ns SOIBHOtSHE Slrgh‘“t:‘ﬁ@‘g# e t “dWUgFf smﬁyﬁmih ﬁ}‘:ﬁ‘ By Ef¥st eri ng of
ar gi ni ne,Qt, YL i@d&%@'(}“ @E Qﬁh&f erdbiin el BE L8 oi\%:r: Bndf &%ﬂ@ﬁtw dsf the. -USe
of a pH greater than 8..0 in the wash solution, a basic " pH may partially
denat ur esH@ions iafld. H VI W5, whereas stabl e proteins including i nonoMerie
anti bodies are not. influenced at these conditions. Wiile not intending to
be limted by nechanism denaturing of contam nant proteins nmay be

mani fested as a slight change in structure, which may be sufficient to
weaken nonspecific binding. Therefore, the high pH of the wash sol ution may
be beneficial for increasing the renoval of inpurities by destabilizing
thelr |nteract|on mnth t he bound proteln of |nterest or the solid support
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interest is bound, the nethod conprising, washing the AC matrix with one or
nore wash sol utions conprising (i) arginine, or an arginine derivative, and
(11) nonbwmOTerwatgsssal t, prior to elution of the proteinPofi/EPat180®T6 f r om
the AC matrix. As used herein, the term"affinity chronmatography matrix" or
"AC matrix", is intended to refer to a solid phase nmedium typically a gel
or resin, that allows for separation of biochem cal m xtures based on a

hi ghly -specific binding interaction between a protein of interest and the
N T S BAhGE A FRRRE Ol 804, L aRRtocnaxIRaBRduDSt Tat e o
antigen and antib edi um FSes a target to
whi ch t he ppriatieiyns efpliciten eRigld Wamapambe ﬂm‘t cORMBI ebtml cxmq:foiu.mr_» 0., thE
dependi ng upon the buffer condltlon Non- Ilnltlnq?exa npl es of i mmobilized

or solid praf@thedigskehtite ane &aﬂw Tafion el CRETREEY RN (h&TEHIBS & el matrix,
such as agag:&%@a%%@m%qm ARoRAIRIRL.LIR Lyt&\rﬁmﬁb L6 SeRhaasemat Li ces)
and a .glass matrix, such as porous gfass beads (such as commercially

avai | abl e oP¢ e@émﬁmtsrrgme’e @randrm@n@ikmhewprm‘quzmmi amiertemr tham .02 AC

mat ri x typlgg % i s ach e{yedﬁh}xﬁéS col.um., Chr mato& g %lf That is, the AC
matrix i s FoOPFEAN SPRRRIET § BE ST het Yeate ‘OhtSining .a protein
of i nt er esfech@ifd QW dndBEQMEL NS Gk ashil haned By AvasRHRgs ahsithe col um
by fl ow ng through the columm one O nore wash solutions, followed by

el uti on ofvithHeoprashephutions. prtratresh spludm ﬂh’é&emﬂuﬁrﬁ ibl;v\tﬂbw n!gl qnm ough t he
Icg![ g?‘;s?n tc%lbl'{t nm}&&%% uag W *12%~ﬁnhbe}rﬂgc§0%é Veéy ‘irurm%c o el trrlé,éiélg@h% P‘l w&h (mg hi ch the
bi oche cahe getaidigsh %Miﬂkﬂiﬂ@@s&d’lﬁn@bﬂﬁ@ﬂnﬁg aflt. I¥ﬂt}ﬁrﬁtﬁ§1tr.rhl&3duﬂ€thtbﬁxked with
the ACmatrix in a vessel to aIIowfor bi nding of the protein of interest
to the ACHFHOYIR solpHen synpepep HasBbWEIINgRIt §¢ gﬁvo%?eaidfwﬁhseh@ﬂvesser (e.g.,
by centrif @Egiqng n%llaeﬂ §x9h%;€mﬂ@§§t% gl umis washed to renove 25inpurities
and again re over et ) centrifugation) and the protein of interest
is eluted fromThhey asbrkzg_crhqﬁhta’&e thedivaniion 8 effettanotdecviens badeipeft , a

combi nati on of .batch treatnment and col u ronmat o h n be used. For
SR B T A N e e T e e R e N e

can besachijeped by batch treatment and then the solid phase 30 medi um can
be packed into a colum, follow ng by washing of the colum. and elution of
the protein of ab@hesspéat.che tlhémmﬂ pravides a method ofhgrodisting e pofitiad partr cul ar
solid phase rix particul ar t erties t ]

2t tached. OIPRE- Uhitroph BehtHe flpkt Rudtire Py RacBs s F3 St PR @l fay can
be purifieghdisd DGidtBALEQhIThaRRASRIFBY fdrtnti bRy LY Sntd Mhe@PrPERf ar ed.
enbodi nent of the invention, the AC 'natrix is aProtein A col umm, whi ch
conpri ses SasE K wahgerthaPraghducalpme hdtsoppd vﬁége canpasterilal cel | wal |
pr ot ei, P Ry a within
prot ebg. fsrrg%ﬁao iy, of D3 RRAGH ﬁaab;lf,erﬁ,r Afgs-b A I@g@ﬂ, %%}erg?}ﬁ?s 88
Protein A\@r;ecm%@héfcﬁbtyabi 4(}§hvld dnﬂ sbtiesraeitioridic e ctnmgxhtymxonnnar:pneﬁm red
enbodi nent of t ! nvengl on, (Q protein of interest %,o be il fied) is an
anti body ¢! SR GFEFY g MRt S Wrregrﬂﬁ&»mgwrrﬁé& FagY 5h. REgpcheriBRe, 10
addi ti Ona'mgmt&hm thO@teiean, {t}emHH&d»fﬁﬁ%éz!ﬁ' (% OBl A &lnﬁ@rmh\ogr aphy
include Fe fusion proteins. insofar "as any protein is capable of

speci fi calalawmicmdmhgdm@n& RrotierHR s rﬂfmsemw,t aiconanathen @iut.i M edatactor di ng
to theg rretho ee ion. s, Protein A resi re well
knovvn “Pn tﬂnleﬁgr(} a‘ﬂd“s‘h Hye&‘r B O-ad of ﬁh‘?‘rﬁg‘l éhtp}f“g “‘l"if\lb‘ﬁ‘g ﬁlhfﬂ“f’ *ng
exanpl es of,cqoRRLGhak h YoRUALHER ﬁ(?!?@&@bﬂrb@ﬁ@ 6.eshns .o Rebugdeud blyahScl ect
Mab Sel ect Xtra MabSel ect. Sure, rProtein A e& arose FP, rnpProtein A
Sephar ose GIYP?F”"’ ‘ﬁrimtubfmri i&”@@pﬁ&h@%@l“@@ﬁﬁﬁaﬁ@vﬁ pllait ﬁlﬁA’rﬁépﬁﬁh’rﬂ@ee\ 4 FIF

Copact by I R0 ek e S MR e D BRI PR Ry

avai |l abl e ca‘(rs.Qdengep@ne() s, &Gﬁ@&m@e&ﬂd’,_ﬂ\/ﬁﬁcapt ure A (both commerci aI |y
avai | qbl e from Poros); 20l PA-300, |PA-400 and. I PA-500 (all comrercially
avail &6l e from RepliGen Corp.); A ffigel protein A and Afflprep protein A
(both co X Le. §4.2mB; 0Rad) ; - MABsorbent Al p and MABsor bent
A2P (bo thm?%@i ;J}Xsc @ilo lm Affinity Chromatography Ltd.);

Protein . A Ceranmc Hyper 1-3 F (commercially available from Pall

.corporati on);Tiltralink -1 mmobilized protein A and Agarose protein A (both
comercially available fromPI ER CE); and Protein A Cellthru 300 and
Protein A Utrallow (both conmercially avail able from Sterogen

Bi oseparations). In addition to Protein A chromatography, the washing
met hod of the invention. can be applied to other affinity chronatography
systems For exanpl e, |n anot her enbodl ment, the AC matrix can be a Protein
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5affinity/ chromatography (IMAC) columm (for purification of proteins with
an affinity fO netal ions, such as histidine-tagged proteins), a

cal nodul iwonesi/a13380l um (for purific.ation of proteins raggedomiordve
ciilrmodulin binding peptide (C .BP)), a MEP HyperCell- colum (a cellul ose
matri x that selectively binds i nmunogl ohulin), a coluitmthat binds naltose
bi nding protein (NABP) (such as a Dexhin SepharoseTm 10resi n that
selectively binds proteins tagged with MBP) " a columm that binds

gl ut at hi one- S- , c (. letit-at bi one. Sephar oser m
resin that sel gg‘??@&ﬁ&%ﬁ‘ i'{(sig;)?g?gl)“ﬁiéﬁ]tk! ag%@gm\?\}{% ﬁilf%g% ﬁ{éﬁlggtgggﬁﬁgm t hat

bi nds St retpil‘ﬁa@n(tsme’h casmatdgyap; ifh&hnmﬂ'ppiﬁém:hﬂmwﬁm;e&imttx Ratioselecti vel y
bi nds proteins Ia g ol th StremTa urthernmore, imunoaffmty matrices,

whi ch compFiPse e Gy “THE Y B nt‘*"%r RE NGY fW‘R}EH“F‘H“‘t“?’fe“@@mp&}“ﬁhase can
be used tof puifey o @‘@iﬂlﬂ%bi@idtd@taﬁﬁ@%Enlgl.n?etnn%m?ﬁ'lf\, %ﬁilv}'hg' Qﬁ’mLO the
antibody affixed to the solid ha t fe 1 nvention of erest is
descrlibed‘**Hefﬂ@iiﬁaﬂﬁqwlbp@miaﬁ vvlth respect to purcation of antl bOdI es
using Protein i ar.as nis known the art to
sel ectively bi 'r?a &ﬂm"lgg{ @Pe 2 n fﬁ%ﬂ%ﬁf}“ *‘{%%ffe?“?B‘f%nﬁt”?“é‘ﬁ%’ﬁﬁbl e to
20puri fi cakivanhys luﬁgn tmemwaam lﬂg aﬂEhﬂw@lﬁm&ﬁ&@ oh bﬁﬂh ek @iddes dte wash
solutions of the invention conprise arginine or an ag{)ﬂ\m ne derivative. The

ar gi ni ne 3 sERtghncosE ey chitipg s ehthe vl peirbaents ydpetheneping ur al

am no aci g,k Rl _—) [ ng derivative.
Nnnmmg exa%p?egbé?]%a?glr %ilh mﬁ)e"’r”ifl\%?’?‘g*éghﬁ‘éﬁu % ag{ﬁ‘E%édglé:rgl ni ne, such as
95 acktyl maﬁigltinnn@scndsIhhabrph&ﬁb@ﬁiyxﬂmﬁmagga ol in€lpd@giagdnnalts, angidihg acid and
N- al phapy i Ni ne e arg or_arginine derivative can be used

al o
in the foef &0 ‘“é‘rf’ 158 g;zél’EIiL i“éiﬁ“'al?tre Hp?gsmdwféé‘l hajpgpe pelan form an aci d
addi tion sahtidnehidde ety QG ARt Gar !n@zc@xn%grhﬂﬁné N e %‘- %n(?Qﬂc(FrQﬁé ation of
arginine or argihine derivative in e wash Ution 30typically is
bet we. en @reﬂﬁam andr X0 Tk teny nnnﬁuﬁ&ni\g 52 vtOdihcd\ﬂmﬁhdﬁid\ﬁuf&uﬁvMait@ 25 M
M 0.35 450. 5 055M 06M 0. 65 . N4, 07 M..,0.8 M 0.85 M 0.9
M 0.95 MU“F d*’ ﬁ)l“ 1 et iéi‘ﬁ‘lgi‘“ﬁgﬂawﬂgim M"“]EL‘ %E}‘bﬁ)idmi‘ﬂ%%‘l fplo M 1. 45
M 1.5 Mu—hthﬁg%e gt 6 Mwadh 5{5&:{'}411(3} i.lZ)dM théaﬁﬁldﬂlwné‘dn@n&w In]e Mg 1.9 N,
1.95 M or 0 M, nore preferably between . (which is the
upper sol %bwdiwnfofhca:wgbwﬁf@ﬁa joH wvat@met ~a2tcieacw(r@mgnw (b COBTNiln 0. 1 N| .
0.15 M 0 M. Q3. - 4 5
N, 0. 65 ﬁ%ﬂMi O,RI;%EMM% I}%z t%huq)fbﬁg Mit 15 431&%%.%“)3? %an%zQ%m'\’g%cg %y bet Ween

0:1 and 0O E) Meot{seivgn {Kﬁpﬁell\ﬂnﬁ‘llﬁi Magn@iin MAeD R@c Mrefe@bB, Mdién3&aM 0,4 M
0.45 Mor 0.5 N). In various enbodi nents, the concentration of ar gi ni ne or
arttini nemdé‘rlﬁ”’\?&*f’}(}e) dagehwothes pmbdiprs thongbultingsajt iwsgegst fompsm 0. 3M

0 8 M0 O thelhoud &bkl (MRE, RNl aDeiueen @ 4 Mmﬁ@xg yPretedda I L

errbod"’rrents e concentration of argini n€ or arg ni ne Ivative in the
wash sol uembm;fc@msn& mRbbMoinggnds enlmrh rhipaikit (Sl lar Teposity, Ment s, Argi ni ne
i's present a.concentration,of 0.1 Mor abou 0. 25 M or about 0:25
M or 0.5"P PR o 08! e ho o Rtano SOIG b SOBier PHEN v ant | on

al so ConNPLieenRRs %@é ia@gnt@@iohm@*%\ dRSEkiDed RRRY®elodhi ch is of a type and
at a concentration sufficient to break ionic 15interactions between

i mpurities and Idenay unm1edt¢:<@mfo4'ﬁehtusﬂmfwtzmnaﬁfxmmrymhrs&tbh wmord n a

prefersed. e the noributfering. salt & sa

et ot R B e Rh Sedie S e Bt ariufe Ao R 1 Bldisort e
chloride {iNaGishind dnitRare@nRodh MRS cldthe et bhudiherd »‘mﬂhgal{g\wan be, for
exarrpl e, potassiumchloride (KC.1), calciumchloride (Caa,) or nagnesium

chlori de foEtionPhéhcapAweEntatrshighe shrsnBlifchay phgnEEreusi tn MYRSSAas h

sol ution \ ¢ 0.1 M 0.15 Ni, 0.2
NI, 0,25 ﬁ%%bﬁgll‘”l&ﬁ{“‘& 5% ggﬁﬁﬁgﬂ Sgﬁ&iﬂ‘m@%ﬁﬁ%%@gﬁ%L-0_ 55 M 0.6 Ni, 0.65
M 0,7 M 0. 75EMcidht 8erivbyal OF BSpuNitics, Gn&uMwﬁaQ‘iﬂ:%rdkuﬁs Mii‘l‘sﬂ."u{‘dl 1.15 N,
1.20%, 1.%5NI .30 Ni,, 1.35 N 1.40 Ni Ni 155M 1.6
N . 13%5 Riedgotzgfateyl ippuggics simhasf\ﬁmghlmégumfrwqglg Qﬁl}\’l\‘xib@%‘q\ﬁl’mdé‘i’“Z 0 Ni), or
bet veen OngiddiafRdicht @ Whk&pBeies, & Pedibinl factor during downstream processing of

a protemn of interest. Affinity chromatography is often used as the first stage of a
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75(1:55 Ni, 0.6 Ni, 0.65 M 0.7 N, 0.75 N. 0.8 Ni, 0.85 Ni. 0.9 N, 0.95
Nb. 1,ON, 2.1 M 1.15 N. 1.2 N, 1.25M 1.3 N, 1.35 M 1.4 N, 1.45
Ni , or 1.WONDIl/078389between 1 Mand 2 M(e.g.. 1 M 1:1 RCI/EP2d@1B/oM07d. 21N4,
1.25 N. 1.3 N, 1.35 M4, 1,4 M 1.45M 1.5M 1.55M1.6 M 1.65 M 1.7
NI, .75 M 1.8 NN. 1.85 N, 1.9 M1.95 N. or 2 M. in certain

enbodi nents, the concentration of nonbuffering salt in the wash solution is
1 30Ni or greater. in particular embodinments, the nonbuffering salt in the
wash sol utj pcent I 07 [ ,0.75 NI'™
10N or a\ 1 aft aBe B%;‘?@batﬁto %{'mﬁx@i@s Egﬂ lé} to 9@:{9% é Kl %ﬁlﬁlhtﬂ?c d\‘?g 1%{]1(, Hattic
wash sol upioiyssfefie prbein nﬁnemfc@mmmyﬂﬁma’sl' d,iynmstogr@ag eanmtwl}amﬂﬁuﬁp tiak,t hough

| ower are also.suitable for sh, solutlo (. _the

| vent Fon ke ERE bR B RERr YHb DT Gheuti in g Sty

pref er abl ¥h@nat@asihy8s b coi@éRes B orablY vaficd 8R%:s Brie Q8 ¢B. 9. I n one
enbodi ment, the pH of the one or 5nore wash solutions is in a range of
8,1-9.5. Fﬁ‘?ﬁﬁbﬂiﬁ%}‘ sippib dicresistly ehlanp ipfubspgicohpurdicahior slepiash sol ut i ons is
in a rang
wash sob abrehdettanit eSgRop TR E o REale! Pt 8Pfelle o7 & or
nor e vvashdﬂhmls&tgﬁxﬁmgbgaﬁnﬁatqﬁ\l ternatively, depending on the protein of
interest to be. purified, a | ower gH Val ue can be used, for exanple a pHin
a range of pH 5oB-pH c@sligmsoppralibever gHoY - 3, @¢ gro@ustedp chigtheDependi ng
on Lhe P 8RSId 6% Pl hSPHAREND hRUDS AL e hOG-QRALDAY |y kil ed
artisan can se an appropriate a tthe- was ution.

Accor &0 nghyients Sﬂag mﬁ&hz@ mstutst*mn(zs){mamzm@nhaq sripnet osndiens, buhfepsl §

adj usti ngand, glr _hai nt ai F . B'DI mii npg “e,xaPB F of typi cal

but fers. ¢ et GAHE BRshines (e .fﬁm SiRaL R PEMUTHBINESY PRt e e

15(trist h)(»qx'i!%@%ﬂﬁ@ﬁ&tlﬁmﬁ%ﬂ%wéﬁ %LTﬁrb*%m Piggtdl sndPheRANEy hi stidine,

ni et hanol am ne, di et hanol am ne, tbrmate,” acetate, MES

(2- ( Nnor phudtmnoi?\emhaﬂ}eﬁm‘mef wken atingest, [:itws%whlat @tnﬁliEEESu(dzth@-lmmﬁi@b(yct hyl -

| - t f

(3- F}fﬁ;?é giﬁﬁ H&?ﬁﬁ%gtéﬁlgﬂdw, %)t]a%c § mcﬂﬂ{bsg?pgua ly when working at high
{[trisghyarenomehiiprel ddiabiyne: DFeRARE SHbhaMh &t aké Ghsh Bil@ide

20( N, N- bi s(2- hydroxyethyl ) gl yCine), Tricine

(N-tris( hjﬂd?‘\&é@rm’tfh?W‘#ﬁ@ﬂh‘)\f@ily@i‘ﬁ@) aniFEguply pt{&*fﬂi@(«ﬁy}dﬁ@xpﬂ groater

ynmet hyl) , € (Rl

N, N' - bi s( mél éﬁEE%T%’rﬁn{izg&}éfl ,8F h% Y& %)m “E)tfg“ St h ?‘ar gléﬁ@gnﬁgihgﬁ and SSC
(saline sabiwifedbt feafo@hl “ﬂfhﬁbuﬁ{]@ﬂ ni ne and nonbufferl ng sal t wash

combi nation descri bed herejn 95preferably is ap Flled ?lngle wash

sol ution that J@ﬁt‘lﬁ‘i‘*’ﬁ%ﬁb@‘t‘wﬂé’éﬁ%oﬁ%‘ﬁf‘é‘*}“’%ﬂ“ﬁ‘é‘ﬁﬁ’@ ?‘\V&‘Vg‘mt% WESHC ol ut i ons,
one copt il NG, AG0ld\G, §  OhitlIRG (¢ Qrw}!@g&vf@%&rm{ B ARy A ahs&hﬂf@ﬂ)&and the
ot her containing a non ering use& in tandem washes.

Accor di nglsylt, prefeahbt hetorend edi lrmghp%fﬂmhagm@shﬁmgwfah*m&dﬁ* atheypA@iemt ri x i s
washed with twa wash sql utions, glfl rst vvashiso uti gn and ahse ond wash 30
sol ut i on, PP COMBI TBFSSOT £ U StErn IOt H St PG “enbodi ment
the first jyasbisk-dkiihQBLE PRRESER &xﬁ%‘hﬂhﬂ%ﬁ hPhedRndd Al GitRehaleri - vati ve,
(preferably, at a pH greater than 8,0) € second wash sol ution

conpri ses peotnonustber ndowal tless hw‘mﬂ"ﬁeﬂg ofivhipditive nray heties faswls ol wash

sol uti,on conprises.a noribyfferi gh.sol ution
corpr PSes apap g, SePRalre iR REoREh v oe WU sRERERSLE & °2 b ofeat er
than 8, 0) m@me&pb@;&m% cBUirbabi€inan @ittng IS ddphivatkhy esnardwantufter i ng
salts, as well as preferred concentrations, concentration ranges and pH
condi t i on$T fepmbistipghthssones Prislerctons dwsdpichpdonbisyion of severalrhe

washi ng n n /L LELY
o mput ek oA R Bl SRR B ETPHASCAREN B, el
protei ns (hRagh basésf}ﬁlesmgkhaddmnmdeinandmwmng hﬁpzﬁxafsrpl es t he wash

solutl ns of thelnventlo are eff. ctlv i.n. reduci MWs i es and
iop P che el USHR oSt FORs BRSSO G R §BIa b BSDr ot ef
of interegy, th@mmﬁﬂ 4 So@Rdnin rﬁlﬂgﬂl\Qﬁf&?&@kh@%étQQw@fiiPtptP&aﬁr&tn%kf%\tof
interest in the eluate. For éxanp in various enbodi nents, use .of the
washi ng mendbdadiesiche bidhityendiin aroes"m btodei by a "Vpeh@leht&_,hwwebtdftr@g sthe protein
of interest that is greater than 95% nore 'preferably greater than 96%
even nore preferably greater than 97%;Wth respect to the reduction in

Il MW species in the eluatc,. which 1.5can be expressed as the (."4 I MNin
the eluate, in various enbodi nents use of the washi ng nethod descri bed
herein results in a %.HWin the eluate that is less than 10% or |ess
than . 5% or Iess than 2.0% or Iess than 1%or | ess than 0.5% Wth

o, b I T - P . I L S - S o



or at least 1.3, or at least 1..5, or at least 2.0, or at least 2,3, or at
|l east '2,5, or at |east .Al'though the invention is described herein
wi th respwot2otin73zowashi ng step during affinity chromat @egraphro/ordo7e | | be
readily apparent tothe ordinarily- skilled. 15artisan that additional
:steps are carried out both before and after the washing step to achi eve
purification of the protein of interest fromthe affinity chromatography
matri x. For exanple, prior to the washing step, the methods of the

i nvention, 1Lk D 0N 8L 8P LR Mich the affinity

chr onat Ogrxﬁ%ﬁndﬂ%%&'dﬁm?‘ms%ﬂ% Féi (grrg%ulg dmmx P%xtg gg%ﬁphbi%bﬁ; téer%.i%-g a | oadi ng

or capt uressuepn eb;th@%ﬂit&hm&hx@&db!tﬁﬁ@@ﬂh@ abuid ?&R}L&E@oﬁn&gwt afgbhular
har vest) cg,lntalnln {)roteln of interest is applied to the AC matri X.
Sui t abl e BGREPTY-ofSCBIMENh 8 NEGEPT INBMEtIEcA bﬁr‘a‘éﬂ*?@éﬂﬂﬁ’ghﬁuﬁﬂmﬁs“ will vary

dependi ngsupaR tﬁu%&%ﬁtﬁﬁﬁgxfgﬁlgﬂl@ LK, 8006 DR.AROLSE] apm loprelit erest Lo

be purified, he ordi narTl artisan can &fhi ne such
con di t3 on®nus] m@gmnmh}mﬂs v::tamjia_: zgtf_id@mm_tmmsm tsx\(emmﬁﬁstﬂkﬁmsﬁe;ﬂmspmﬁ hexjart .

"Non-limting ¢ exa q%)c}e§ of equilibration _an? %Edl ng buffers for the
puri fi cat "GRG Y50 67t BEC BBFOTeBiRante 8F thimdiaibec e apaegrphy PR anpl es 1
and 2. Adduilzaaa}kumm&hmm e Wasid RaEhshaRES), tﬁéaﬂﬁm QRgd above, the

met hods of the invention can include one or nore additiona washi ngs

st ep(s) u‘tﬂilm*iﬁzillr@i wohromtwasi/sohatirpr s inedstdouah tﬁeﬂhuﬁ}lgcmi step, in which

he-pr ot o e A g R S bile WAy Fo Mt it & BT PR 1he” ©

el utiun bufdeeto the ihnvanyedapeardi ng upon the nature of the AC matrix and the
protein of interest to be purified, 10and the ordi nari IX skilled artisan
can readily de‘?‘/é‘i}‘r?”ﬁ%‘»‘s‘&élﬁfv SR ffll(@ﬁ@f\sisw Hig wiesbsobigioanghirifesrmat i on wel |

establ i Shr%ﬂ )‘IKQ]. hht ar m. dIXiW (%19199‘1%111% ce a?r{] ]pr%f ‘Ph& e\hglng}sxglb rrgﬁtqgwer gest. from

the AC at™ an ac t f'on

buffers far {“Jﬁhey @mr,mm o'ab;mm zas (amt;auboméeszwom@rz@mmﬁﬁ. gal/wme3are Set
forth in | n_anot her aspect, the invention provides

| an
preferr edEXﬁégFFng”ff}BF ‘én%@ﬁ”ﬁ*ﬂ”ﬂa@ﬁ"t’ﬂé@ﬁ? retaca s BBt ai ni ng ni xt ur es
duri ng; Pr&kr@ésﬂtm%&rﬂ% ftc(m L) ;m%ma% ab&?%a». /p&m | RgkY qg1 he
i nvention provides a nmethod of producing a ﬁ rifire ant| body, or anti body
. fragmehtZ). ulsincr@pta npngteeiiin adsootiomnd prvteensrte thidekbce ommn gb.ngal a)

Ioadl ng a mpri sj ng.t.h tibady, O antib ragment, onto the
20. Prot ei ' Bk EI{?}WMHB}” vvaéﬁ%é&gag \%’?‘gfﬁ’wﬂ'ﬁhﬁméd? gﬁ#“m“ﬂﬁ a wash sol ution
conpri si ngedNagishi, ﬁ@rylsh@mﬁtof gr&&ﬂ%g&kﬁﬁtdtﬂﬁw@n@nﬁt@'ﬁ%ﬁl e QB0 M (nore
preferably in a range of M " nost preferably in a range of 0.1-0.5

M and (ikdrepdebiemaeticopi éi@ prafea. @bwbelmzriaw@hamnm r Bgentofacdonl- . 2,0 M

wher t t| Qn..r enoves | n A col um; and
c) eIEHuu?l n‘l‘g}g}f ﬁ%gi CJS B S %‘ﬁ‘fndﬁ%ﬁ ’Fdlp ’ltmm‘fapgﬁﬁ@ﬁ@%ﬁ?%rt PhYA col um.

Pr ef er abl p’mt&d’i;eom&hxé\ﬁ@k&&ir@ﬂtz(hiﬁoﬂi h\aznmirrkogrc%&@fw Hage®fof arngfeesr ed
concentrations and concentration ranges for the Arginine-HCl are as

descri bed®aphBy e copBmabehppiveh eftfcla preferred enbodi nent, the Argini ne- HC
is at a conce t bauit c 25 M
Preferred con?ge‘{%i?rﬂé‘f |uc3ﬁg t%n%%égﬁcp% ?F[Matgf %ﬁi& rg g}nﬁggL ﬁ%{ %ﬁfg%bglﬁﬁq?ﬁ" chl ori de
are as de;s&tlmabeﬂr{aﬁgu&n&tﬁaﬂ{@kamm BMWa xahqmqu&ﬁke;do&:nfmdﬂn&ng, t he sodi um

chlorjde is at a concentration out M or . at oncentr tion of 1M
0D 2051 PRt EBsTor e TE R eRa fate e, SBaS rasdre s

descri bed, aRAME] b SlecleRaip |d%n atlifn O B LIRAHLIBA teink BEy VR xmmf-egl%u wagh
solution is in a range of 8. 5‘1‘“ i n anot her enbodi ment, the pH of the
wash sol Lﬁlébhf-hdw@ll&t@mugr,.e‘dtlér may he awibichver toenbddi rempecifihéingbiof t he wash
sol ution e Yy (-9 o inventi.o rther illustrated by the
Fol | ows ng SSEEsh e bighhp T SR ERE e g e FGreRaE ™ i ¢ ng. The
cont ent s @fnoRhll oil@heASRABSdesRBLBMShaR thifubldShRE 1R3-S pARBhI¢at i ons cited
t hroughout this application are expressly incorporated herein by reference
in th’gﬁ riaHEest af fie selgd meanvprESeEtEmby Battix. Conpari son of

exarpl o the et s BB e SR 2R M R S R R TR T o 1 65
from an antriffedgystemntsaigninngfisio utmmme@w;whng«\a‘ﬁ frlaﬁﬂtybxﬁlhltl@ﬂ@hﬁ@ﬁ&l@hy i's
conpared. Mre specifically, three wash solutions are conpared: one
containing no arginine and no nonbuffegring salt at pH 5.0, the second
containing n.onbuffering salt 20 but no arginine at pH 7.0, and the third
cont ai ni ng both nenbuffering.salt and arginine at pH 9.0.



Clarified., manmalian cell culture supernatants containing between 1.5 and
2.5 giL anti body are harvested by depth filtration and purified using an
ALE col uriQ 20m1/qo0338bi cul ar a Protein A colum (GE Heal t heer&poianc®rei ng to
the conditions described 25 StepBufferCVvRes. tinme * **(min) Storage20 nm vi
Acetic acid/ Sodi um acetate, 2% Bem yi al kohol, pH 5.144 * R Tine -

resi deuce tine; **: CV, colatan -volune The equilibrated colum is

| oaded with clarified harvest and is first washed with wash solution I,

descri be ol Q d «JECORd Yvash wi th Vash sol ution 2
(20 rtIM quﬁ b%%fﬁ%%l—]%di Wbili gilanmg glx'“ﬁ*é% lhut ‘ﬁmmhm e|5)Ir-|mq5"l'he equat e

i s anal yzeshfsoutibtiscomnt h,lm:im oeRGeNts @i rghihydanalivd, laﬁ@lu)N-C for

HMWV L, IVEWE anal |cal ﬁg’ ex¢l usi on, chr.onat o rap and for FICP

content BY™ T?‘Ik‘éd”? GhoS Brepapicingidalgresy W@I‘%*pég‘ ’Bﬁ“‘ﬁhe same cel |

line. The vari, 3] & ¥ €. shown
bel ow i n Tabl ego%%ttl@%)@ie&%%ﬁjgn?ﬁ%\ggla ﬁ;é\g,d,&ﬁ@ J}ﬁ ai, F| ?sw\%nﬂ@ s

Sol ut SonBufchéxdAb elevicat sodid rtbkfaxctmf:dlem ﬂ;maﬁwraljéds&cheam oedlatea, fob i NN4 acetic
acid pH 5 0W-A5 220.rai. M NaH2PC4, 11Sa2 0 4, 1000 nilg Niel, pH 7.0Vs N7
50 ai N1 |'*i”§’§‘m‘§5"6%}‘%‘r9|“f§&r‘ Al FErgsEsediong hi Hﬁ’(‘:l”l’kﬁ%r PUSHPEONIARECRr g/ N9 1 OpH

adj ust ed Hiden3drdieid MNalh 8 Hdihb A 1 h%!@%ﬂ&eﬁtbﬁleﬁ,ldiﬁtu %Enrtahg Protein A
purification of four different monoclonal antibodies usi ng the

three di fif@n«énﬂmfms hi'ltéﬁé}lbﬁwt@ s ashgywenil antlaislye Thps, ath@@hhﬁaa%bmk@mn n Tabl e
3. AntJ Ogl%l 1)405 a mr;,ct O Wh p;p??ha pmgrm of mN rmy\Bs mp%ﬂe of reversibly affixing,

180 depending upon the buffer conditions. Non-Hmiting examples of immohilized or
solid phase media that can comprise the AC matrix Include a gel matrix, such as
agarose beads {such as commercially available Sepharose matrices), and a glass
matrix, such as porous glass beads (such as commercially available ProSep matrices).

Binding of the protein of interest to the AC matrix typically is achieved by

15 column chromatography. That s, the AC matrix is formed into a column, a
biochemical mixture containing a protein of interest is flowed through the column,
followed by washing of the column by flowing through the column one or more wash
solutions, followed by elution of the protemn of interest from the columan by Howing
through the column an slution buffer.

20 Alternatively, binding of the protein of interest to the AC matrix can be
achieved by batch treatment, in which the biochemical mixtures containing the protein
of interest is incubated with the AC matrix in a vesset to allow for binding of the
protein of interest to the AC matrix, the solid ghase medium is removed from the
vessel {e.g., by centrifugation), the solid phase medivwm ts washed to remove

25 impurities and again recovered {e.g.. by centrifugation) and the protetn of interest is
chuted from the solid phase medium.

In vet another embodiment, a combination of batch treatiment and colomn
chromatography can be used. For example, the initial binding of the protein of
interest to the AC matrix can be achieved by batch treatment and then the solid phase

30 medium can be packed into a column, following by washing of the column and

glution of the protem of interest from the column.

g



mAh- Qg 81,2 101.3 97,8 nmAb-13y S6,6 96.5 97.6 tri Ab-Bp 95.79'.59-5,8 mAh-Va
96,5 97.9 986 Tabl e 3 shows that washing with either W -A5
(cont ai niwgQ 2no/a1838But Teri ng 20salt or argininc, at pH SARCI/EPROIMTNTG
(containing nonbufirering salt but no arginine, at pH 7.0) results in
fluctuations in the anobunt of antibody recovered depending on the anti body
being purified. Mre specifically, washing with W-A5 results in yields
fluctuating between 81 and 96 % and washing with W2-N-7 results in yields

fluctuating bet}”‘ﬁ’@ﬁi@tgsg%cfi‘a{w
nbu

Q1 % ..hn,contrast. washjng w.th WB-Arg/ N9,
cont ai ni ng both nho e f%%géﬁr%hgﬁﬁ&ﬁﬁgﬁﬁfﬁgfﬂgkﬂb$ﬂ§ﬁ%?“P%suIts in

consi st enptopehicgbf ficabst ataboseo 8ot phadl, ettt anki:Badiies pRaking: ,
purified. The eluate concentratjons (in giafter the Protein X purification
of the f ol BT eRBHICIHARE, MilsPig Phaie i eel of Prapkntn washerssl utions shOW |
D111 orent Ao Bial genear sttt e Gy g Plfd S BN EPREEEONGRGS
i NAti -0y knthenageBytadizdgo the solid phase a bacterial cell wall protein, Protein A, that
specifically binds the CHy and CHy domains within the Fe region of certain
mmmunoglobuling. The binding properties of Protein A are well established in the art.
Accordingly, in a preferred embodiment of the invention, the protein of interest (to be
purified) is an antibody or antibody fragment comprising an Fc region. Furthermore,
10 additional proteins that can be purified using Protein A chromatography include Fe
fusion proteins. Insofar as any protein is capable of specifically binding to a Protein
A matix, it can be purified according to the methods of the invention.
Various Protein A resins are well known in the art and suitable for use in the
invention. Non-limiting examples of commercially available Protein A resins wclude
15 MabSelect, MabSelect Xtra, MabSelect Sure, rProtein A Sepharose FF, rmpFrotein A
Sepharose FF, Protein A Sepharose CL-4B and nProtein A Sepharose 4 FF (il
commercialtly available from GE Healtheare); ProSep A, ProSep-vA High Capacity,
ProSep-vA Ultra and ProSep-Va Ulira Plus {all commercially available from
Millipore); Poros A and Mabcapture A (both commercially available from Poros);
20 1PA-300, IPA-400 and IPA-500 (all commercially available from RepliGen Corp.);
Affigel protein A and Affiprep protein A (both commercially available from Bio-
Rad}; MABsorbent AP and MABsorbent AZP (both commerciadly available from
Attinity Chromatography Lid.); Protein A Ceramic Hyper U F {commercially
available from Pall Corporation); Ultralink Immobilized protein A and Agarose
25 protein A (both commercially available from PIERCE); and Protein A Celithru 300
ard Protein A Ultraflow (both commaercially available from Sterogen Bioseparations).
In addition to Protein A chromatography, the washing method of the invention
can be apphied to other affinity chromatography systeras. For example, in another
embodiment, the AC matrix can be a Protein G column, a Protein A/G column or a
30 Protein L column, each of which are also immunoglobutin-binding bacterial proteins

with binding properties established in the art. Thus, an AC matrix that is a Protein G

10



tnAl13- Bp 21.5 nmAb-V a 15,1 Table 4 shows that the eluate concentration
Is also influenced by the wash 15 buffer applied during ALC. For three of

t he four woAbsl/(7808bs Qg, By and Va), washing w th WB- Ar @CIREPR@S0F1036 i n

hi gher ciliate concentrations than \wishing with W -A5 or W2-N7. The
average eluate concentration for the four antibodies is |owest after the W
-A5 wash (17. 1foll owed by the W2-N7 wash (173 giL) and highest after the
wash with WB-Argi N9 (213 giL). 20The reduction in host cell protein (HCP)

in the el yghgxi spatdig r"x ‘GRS R in ?1: §Pﬁ}té<)\zg{f]ﬂﬂfr <Gahihg nx%é)({ Kﬁf*ﬂ @%}rig,quzl e;}[_ 21

rri.A bs" using the three different SOt i ons s
shown bel eutibariyTiakdnes: cofingisirgouctd epidonnHER fudoepprassed as the

| ogarithmc r e%}ﬁ: on 1val ue 8 Wl 1“*2 r especm E the values in the
cel lul ar harvest TABr B EREGHEPIBR! My Boep eGR4 Of BFOYEINF %’F ent
Ant i bodi eshddsdRgriMavead puNBeh): @@ﬂuﬂ& UR:W%HM@%“ %9 I}Mﬂﬂ?ﬂmd R A .
2011/ 073389PCT/ EP2010/ 070076 ° nz Ab- 833 ,50 1.64 "7
rnAb- By 1.afigrpgchramaggraphy (IM i\ti ) col umn {ﬁm punﬁwlmn of proteins with an affi ;mt}
for metal jons, such as histidine-tagged proteins), a calmodulin resin column (for
punification of proteins tagged with calmodulin binding peptide (CBPY), a MEP
HyperCel™ column {a celiulose matrix that selectively binds immunoglobuliny, a
colurn that binds maltose binding protein (MBP) (such as a Dextrin Sepharose™
Hi o resin that selectively binds proteins tagged with MBPY | a column that binds
glutathione-S-transterase (GST) (such as a Glutathione Sepharose™ resin that
selectively binds proteins tagged with GST) and a column that binds Strep-Tag 1
(such as a Strep-Tactin™ Sepharose resin that selectively binds proteins tagged with
Strep-Tag ). Furthermore, immunoaffinity matrices, which comprise an antibody as
15 the target affixed to the solid phase, can be used to purify an antigen of interest that
specitically binds to the antibody affixed to the solid phase,
While the lnvention of interest is described herein in particular with respect to
purification of antibodies using Protein A chromatography, insofar as any protein is
known the art to selectively bind to a particular AC matrix, the protein is amenable to
20 purification using the washing methods described herein.
The wash solutions of the invention comprise arginine or an arginine
derivative. The arginine which can be used in the present invention may be the
natural amino acid arginine {e.g., L-arginine), D-arginine or ap arginine derivative.

Non-limiting examples of arginine derivatives include acylated arginine, such as

[
4y

acetyl arginine and N-alpha-butyroyl-arginine, agmatine, arginic acid and N-alpha-
pyvaloyl arginine. The arginine or arginine derivative can be used in the form of an
acid addition salt. Examples of the acid which can form an acid addition salt include
hydrochloric acid and the bke.

The concentration of arginine or arginine derivative in the wash solution
30 typically is between 0.05 M and 2.0 M {e.g., 0.05 M, 0.1 M, 0.15 M, 0.2 M, 0.25 M,
03M,035M, 04 M, 045 M, 0.5 M, 055 M, 0.6 M, 0.65 M, 0.7 M, 0.75 M, 0.8 M,
D83 M, 09 M, 095 M, 1LOM, 1.1 M, LIS M, 120 M, 1.25 M, 130 M, 1.35 M, 1.40

it



131 Ab-Bp 1.77 1 .88 raAb-V a 0.94 0.99 1.33 Wth respect to the
inpurity renoval, based. on the data in Table 5 a clear order can be

est abl i shw0 2betoessn t he t hree wash buffers. The | owest PCP/RPe@O®OTG006 i S
obtained with the | ow pH wash W-A5, followed by the wash with salt wash
W2- N7 and the highest renoval factor is obtained with the arginine-Nael
conbi nation buffer at pH 9:0 (WB-Arg/N9). Expressed in |ogarithmc order of
renoval , an average of 1.4 Iogs is obtained after washing with W-A5, 1.55.

| ogs wi t \V2.+sNE pBdsthes hj ghest | Lempvak t\&’fz 2~s %jB’\W*?I ﬁsssasﬁh §\(/?d1h<¥“ th

VB- Ar g/ N9. “The "Tevel of hi gh nol ecul at ‘wel'g ecies ’inthe dilates
af ter t heM1OPE.O0E), moke preférhblediivarn G0 duel (. 8‘1‘ mj(rmduf if\eﬁ@mpbr BAbBiinUSi ng the

three different wash sol n hown hel ow i n Tabl e
6 The | cvaremeauiAss bl & SeUiM Bucl pIs&i P Sedbrny. 4 rcent age (
O the tofabnprat 81 0 450t B8 \2] 4188 K1, i0% M, E}%th 6754 {?V?Ivi oo v <§M gpecies in
Dilate fin- Different Antibodies Using Various Wash utions

Tabl e 36 sMovisoit iraaferahly Yoty (bf aidvinNG SPéeize8. 1itg. Va8 M, hEI i, (ﬁg”én‘eto0§ for the 4

| | h
"5 wman Mo e ian ShETEAEs Bhy oo tGul iR BT R BEER Sl 1 eoul 1 s

are obt ai agehindd drrgili@e W2riNdiveaah bs abubiedpianhd e oliaveg brnBMWskal ues in the
Al X eluate_are 20 consistently found with the WB-Arg/ N9 wash sol ution.

Three mANS 3 BEMQG S M. @h ¢RI Mrasdhrid onbetvean D.16Mped 5. 0VE dhdett@duct i on in

only <hove ey Lo R OGS, b Bt ok BB 00 "

sumreity ok nt:hewfm Rebangs In fmmmbzea,remmmmmmsﬂmmﬁdeman Tabl es 3-6 above
is shown bel ow in Tﬁﬁéﬁ{? The shaded row represents the composition of the
r

har vest . “PABFRIFRE S5 AP OThiVe 8-2ADE oot 8o} U B S P or et Oriabs
ICP [IRV]ygHW [] 'Va Acetate pH 5.0
The wash solutions of the invention also comprise a nonbuffering salt, as

described above, which is of a type and at a concentration sufficient to break ionic

15 interactions between impurities and oo or more components of the affinity matrix. In
a preferred embodiment, the nonbuffering salt is a halogen salt. In a particularly
preferred embodiment, the nonbuffering salt is sodium chloride (NaCly. In other
embodiments, the nenbutfering salt can be, for example, potassium chloride (KCl3,
calcium chlonide (CaCly) or magnesium chioride (MgCl). The concentration of

20 nonbuffering salt in the wash solution typically 18 between 0.1 M and 2.0 M {e.g., 0.1
M,OISM G2IM O25 M 03 M 035M,04 M, 045 M, 0.5 M, 0.55 M, 0.6 M, 0.65
MLOTM,O75M, O8M, OE5M O9M, 095M, LOM, LT M 1LI5M, 120 M, 1.25
MLoE30M, L35 M, LA0M, 145 M, ES M, 135 M, Le M, 165 M, 1.7 M, 175 M,
L8 M, 1RI M, 1.9 M, 1.95 M, or 2.0 M), or between 0.5 M and 1.5 M {e.g., 0.5 M,

25 QSSMO0aMOGSM O7M OT7TSM OBM, 085M O090M, 095M, LOM, LI M,
PASM, L2 M, 125 M, 1AM, L35 M, 1.4 M, 1.45 M, or 1.5 M), or between 1 M and
IMeg, M LEM LISM L2M 125 M I3 M, 135 M 14 M, 145 M, LI M,
IASM LOoM, L6SM ETM E7SMOLS ML SSM L OMTI95 M or 2 M) In
certain embodiments, the concentratton of nonbuffering salt in the wash solution is 1

30 Morgreater. In particular embodiments, the nonbuffering sait in the wash solution 3z
present at a concentration of 8.75 M orabout .75 M, 1.0 M or about 1.0 M, or 1.25

M or about 1,25 M.



96,5 15,1 38620 0.94 4,1 Va pll 7.0 97.9 14.3 34522 0.09 .Va 2--giNaC.1 pH
9..0 08.6 16.4 15618 1.6 (g Acetate pH 5.0 81.2 17,3 20393 1.500237 4.7
NaCl pH WO 200107338%7. 7 14673 PCT/EP2010/070076

The pH of the wash solutions of the invention typically is greater than 8.0,
although lower pHs are also suitable for use with the wash solution(s) of the
mvention. In a particular embodiment, the pH is greater than 8.0, preferably at least

8.1, more preferably at least 8.5 or 8.9, In one embodiment, the pH of the one or

Ly

more wash solutions is in a range of 8. 1-9.5. In another embodiment, the pH of the
one or more wash solutions is in a range of 8.5-9.5. In another embodiment, the pH
of the one or more wash solutions is about 9.0, In another embodiment, the pH of the
one or more wash solutions is 9.0, Alternatively, depending on the protein of interest
to be purified, a lower pH value can be used, for example a pH in a range of pH 5.0~
10 8.0, orapHof 7.5 or 7.0 or 6.5 or 5.0. Depending on the properties of the protein to
be purified, the ordinarily skilled artisan can select an appropriate pH value for the
wash solution. Accordingly, the wash solution(s) can contain one or more buffers for
adjusting and/or maintaining the pH. Non-limiting examples of typical buffers that
can be included in the wash solution(s} include Tris
15 {tmsthydroxymethylmethylamine}, bis-Tris, bis-Tris propane, histidine,
triethanelaming, dicthanolamine, formate, acetate, MES {2-(N-
morpholinojethanesulfonic acid), phosphate, HEPES {4-2-hydroxyethyl-1-
piperazineethanesulfonic acid), citrate, MOPS (3-{N-morpholinojpropanesulfonic
acid), TAPS (3-{[tris(hydroxymethyhmethyl lamino } propanesulfonic acid), Bicine
20 (N N-bis(Z-hydroxyethyl)glveine), Tricine (Netristhvdroxymethvhmethylglyeine),
TES (2-{[mis{hydroxymethylymethyllamino ethanesulfonic acid), PIPES {piperazine-
NN -bis(2-ethanesulfonic acid), cacodylate {dimethyvlaranic acid) and SSC (saline
soduum citrate).

The arginine and nonbuffering salt wash combination described herein

25 preferably 1s applied 1 a single wash solution that contains both components.
Alternatively. two wash solutions, ong containing arginine or argining derivative
{prelerably at high pH) and the other containing a nonbuffering salt can be used in
tandem washes. Accordingly, in another embodiment of the washing method, the AC
matrix is washed with two wash solutions, a first wash solution and a second wash

30 solution, prior to elution of the protein of interest. {n one embodiment, the first wash

solution comprises arginine, or an arginine derivative, (preferably at a pH greater than

8.0} and the second wash selution comprises a nonbuffering salt. Tn another



1.643? 3,8 y Arg/NaC pH 9.0 97.8 28.4 2.749021 0.8 : Y Acetate pH
5,0 86.6 12.6. 20955 1,401614 2.1 By NaCG pH 7.0 96.5 19.8 11111 1.677149
0.7 By WO 2011/073389 PCT/EP2010/070076

embodiment, the first wash solution comprises a nonbuffering salt and the second

wash solution comprises arginine, or an arginine derivative, {preferably at a pH

greater than 8.0). Examples of suitable arginine derivatives and nonbuffering salts, as

well as preferred concentrations, concentration ranges and pH conditions for the wash
S solutions are as described above.

The washing method of the invention is effective in removing a variety
ofimpurities, including high molecular weight (HMW) species and host cell proteins
(HCPs). As described in detail in the Examples, the wash solutions of the invention
are effective in reducing both HMW species and HCPs in the eluate, while achieving

10 ahigh percent vield of the protein of interest in the cluate and a high concentration of
the protein of interest in the eluate. For example, in various embodiments, use of the
washing method described herein results in a percent vield of the protein of interest
that is greater than 95%, maore preferably greater than 96%, even more preferably

greater than 97%. With respect to the reduction in HMW species in the eluate, which

pa—
(41

can be expressed as the % HMW in the eluate, in various embodiments use of the

washing method deseribed herein results in a 9% HMW in the eluate that is less than

10%, or less than 5%, or less than 2.0%, or less than 1% or less than 0.5%. With

respect to the reduction in HOPg in the eluate, which can be expressed as the

logarithmic reduction value (LRVY), in various embodiments use of the washing

200 method described herein resulis m an LRV for HCPs in the cluate that is at teast 1.1,
or at least 1.3, or at feast 1.5, or at Teast 2.0, or at least 2.3, or at least 2.5, or at least

Although the invention is described herein with respect to a washing step

during affinity chromatography, it will be readily apparent to the ordinarily skilled

25 artisan that additional steps are carrted out both before and afier the washing step to
achieve purification of the protein of interest from the affinity chromatography
matrix. For example, prior to the washing step, the methods of the invention can
clade an eguilibration step, in which the affinity chromatography matrix is
equilibrated with a loading buffer, and a loading or capture step, in which a

30 biochemueal mixture (e.g.. cellular harvest) containing the protein of interest is

applied to the AC matrix. Suitable conditions for the equilibration and loading

buffers will vary depending upon the nature of the AC matrix and the protein of
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At-g/NaCt pH 9.0 21.0. 77..38 ? 150763 0.4 .Bp Acetate pH 5,0 95:1" 8830
1.7727 10:4 Bp NaCl pH 7,0 92.5 17.2 1.883287 10 Bp. Ag./NaCl pH 9,0 95, 8.
1543 2. 53002411/0Z838¢. - el uate concentrati on; HCP host ceCi/greaberwiéi gh
nol ecul ar wag 2t species; 'IRV - log .reduction value; NA not applicable.
1. _te 2: Conparison of Various ArgininelSalt Wash Solutions 10in this
exanpl e, the effectiveness of additional wash sol utions, containing.
interest to be purified, and the ordinarily skilled artisan can readily determine such
conditions using methods and infermation well established in the art. Non-limiting
examples of equilibration and loading buffers for the purification of antibodies on
Protein A columns are set forth in Examples { and 2. Additionally, after the washing
S step{s) as mentioned above, the methods of the invention can include one or more
additional washings step(s} utilizing common wash solutions, and/or an clution step,
in which an elution buffer is applied to the affinity chromatography matrix to elute the
protein of interest from the matrix. Suitable conditions for the elution bafter will vary
depending upon the nature of the AC matrix and the protein of interest to be purified,
10 and the ordinarily skilled artisan can readily determine such conditions using methods
and formation well established in the art. Typically, elution of the protein of
interest from the AC matrix is carried out at an acidic pH. N-limiting examples of an
clution buffers for the purification of antibodies on Protein A columns are set forth in

Examples 1 and 2.

—
whn

Inn another aspect, the invention provides preferred methods for removing
impurities from antibody-containing mixtures during Protein A purification of the
antibody. Accordingly, the invention provides a method of producing a purified
antibody, or antibody fragment, using a Protein A column, the method comprising

a) loading a mixture comprising the antihody, or antibody fragment, onto the
20 Protemn A column;

b} washing the Protein A column with a wash solution comprising (i}
Arginine-HCT at a concentration in a range of 0.05-2.0 M (more preferably
in a range of 0.05-0.85 M, most preferably in a range of 0.1-0.5 M) and (ii)

sodium chloride, at & concentration in a range of 0.1-2.0 M, wherein the

Fed
)

wash golution removes impurities from the Protein A column; and
¢) eluting the antibody, or antibody fragment, from the Protein A column,
Preferably, the wash solution is at a pH greater than 8.0, Preferred concentrations and
concentration ranges for the Arginine-HCT are as described above. For example, ina
preferred embodiment, the Arginine-HC is at a concentration of about 0.25 Morat a
30 concentration of 0.25 M. Preferred concentrations and concentration ranges for the
sodium chioride are as described above. For example, in a preferred embodiment, the

sodium chioride is at a concentration of about T M or at a concentration of I M.

15



di fferent anmounts of nonbuffering salt and/or arginine at different pH

val ues,. to renpbve inpurities during affinity liquid. chromatography . (ALC)
i s conparw0.20flig3ashr omat ogr aphy conditionS used in thi sPCEERapl®7@€ W, Set
forth. in 'Fable 8 .below., Table 8 Qperating Conditions for Protein A
Colum Step Buffer CV Res. utne * (rain) Equilibration 1 20 tniVl

Nal . 12PO4/ Na: HPO4, pH 7.0 3 4 Equilibration 2 lIdentical to wash buffer | 3
4 Load Cell-free harvest s. 4 Wash 1 Variable (See Table 9) 4 Wash 2 20

i nM Nal | #‘I%HB@MIL E{Qflpﬂ?'#\g,b Qs ok asFldLiRA AN )’éﬁ%&k&pla?ﬁl‘ e 4
embodiment, the pH of the wash solution is in a range of 8.1-9.3. in another
embodiment, the pH of the wash solution 1s 8.5 or greater. In another embodiment,

the pH of the wash sclution is 9.0,

>
The present invention is further illustrated by the following examples, which

should not be construed as further limiting, The contents of all references, patents and
published patent applications cited throughout this application are expressiy
incorporated herein by reference in their entirety.

10

EXAMPLES

Example 1: Comparison of Arginine/Nonbuffering Salt Wash Solution to Other
Wash Selutions

iS5

In this example, the effectiveness of various wash solutions 10 remove
impurities from an antibody-containing solution during affinity chromatography is
compared. More specifically, three wash solutions are compared: one containing no
arginine and no nonbuffering salt at pH 5.0, the second containing nonbuffering salt

20 bhut no arginine at pH 7.0, and the third containing both nonbuffering salt and arginine
at pH 9.0,

Clarified, mammalian cell calture supematants containing between 1.5 and 2.5
¢/L. antibody are harvested by depth filtration and purified using an ALC column, in
particular a Protein A column (GE Healtheare), according to the conditions described

25 below in Table 1:

Table 1 Operating Conditions for Protein A Column
Step Bauffer Y Hes. ﬁmé -
wE {min}

Equilibration 20 mM N&tH3,1*(}4;"Na33§*§}’€3:;7, pht 7.0 ) 4

Load Cell-free harvest Gl 4

Wash | Variable {See Table 2) 3 4

Wash 2 20 mM NaH POy Na  HPO,, pH 7.0 3 4

Elution 20 M Acstic acid 4 4

oy {#:4 M NaOH 3 4

16



ClP 0.1 MNaOH 3 4 StepBufferCVRes. tithe * (mn) Storage20 trt.M Acetic
aci di Sodi urn acetate, 2% Benzy/ al kohol ,54 pH 5.1 Res. Tine = residence
tinme; ": VU200al788m vol une The 'ash sol utions compaEPALO7ENé S

Exanpl e are set forth below in Table 9: Table 9Additional Variant Wash
Solutions for First Vash Sol uti onBufferAbbreviation of buffer 120 rnM

"Nal - 1213041Na- 21-. 1PO4, 1000 rtiMNaCl, pH 7.0W-N7 2 3 4 20 nM

Nal | 7PO4/ Na; HPO4, 150 rnM NaCl, pH 7.0 250 arM Argi nine-Hel, -18 * nmM

Tri s- HCl 7pH-80-=18 *3nmv-Tris=ti-C—259mw Arar‘hf-ne—Helm"i ----- M-Na€t- pH 8, 0
Wi- 0, 15M P Ws- Ar g8*¥8- . ArgI NS * The exact concen‘f‘f at i B RS’ not

measur eM&%&s@(@Ydr oxYpethyl ) .am. ne.nmethanol was.used. EG® fﬁdJ_ust t he
pH) Storage 20 mM Acetic acid/Sodium acetate, "% Benzylalkohol,pH 51 4 4

* Res Time = :mxdmw time; ¥ OV, colummn vohume
The equilibrated column is loaded with clarified harvest and is first washed
with wash solution 1, described in Table 2 below, followed by a second wash with

wash solution 2 {20 M NaHPO/Na HPG;, pH 7.0), and then eluted at low pH.

L&

The eluate 1s analyzed for its antibody concentration by analytical ALC, for
HMW/AMW by analytical size exclusion chromatography (SEC) and for HCP content
by enzyme-linked immunoesorbent assay, developed on the same cell line. The

various wash solutions compared for the first wash are shown below in Table 2

Table 2 Variant Wash Solutions for First Wash
Sniution Buffer V Abbreviation of buffer
1 20 mM sodium acetate, 5 mM acetic acid pH 5.0 Wi-AS
2 20 M NatLPONa HPQy, 1000 mM NaCl pH 7.0 W2-N7
3 50 mM Tris, 250 mbM Arginine-HCL, 1M NaCL MaOd * W3-Arg/NO
pH 9.6

10 * pif adjusted with 3290 NaOH solation

The percent yields for the Protein A purification of four different monoclonal
antibodies (mAb), using the three different wash solutions shown in Table 2, are

shown below in Table 3.

15
Table 3 Percent Vields of Different Antibodies Using Various Wash
Solutions
Wash Solution
Antibody Wi-AS8 W2.-N7 W3-Arg/ND

mtAbh-0g §1.2 w3y 97.8
mAb-By R0.6 563 97.8
mAb-Bp 987 25 05.8
mab~-Va 96,3 G7.9 98.6

Table 3 shows that washing with either W1-AS {containing no nonhuffering

20 saltor arginme, at pH 5.0% or W2-N7 {containing nonbuffering salt but no arginine, at

-3



The fbur wash solutions shown in Table 9 allow direct conparison of a | ow
nonbui Teri ng salt wash solution (W-0,15M N7, containing 150 tri M NaCl) to
a hi gh 10woi2onbasiseri ng salt wash sol ution (W2-N7, cont 2CmiErg0100vVed76NaCl) ,
as well as conparison of a wash solution containing arginine alone at pH
8.0 (Wb-Arg8) to a wash solution containing the conbination of nonbuffering
sail with arginine at basic pH (WArg/N8), The percent yield, percent |BM
species in eluate, and reduction in HCP 15(expressed as 1- 101) for

purifica r ) shown in
Table 9 Hﬁ&?%ﬁb%&lﬂ%iﬁgmég%ﬁg gg‘%]%%&g? of Qﬁt bfn%( %r}‘toh é\@ﬁ he&%d (%WTI - Ar g8)

wi t h t he ahiiighiyseitg mirdind. Wash spAREddR), ammnm bedamum idakl® 10: Table

ot vt on GG TS B bt PR AR R 21 6 "
W 6- Ar gi MBctubllng bdMed92 and Bhiko( % contrast, w ashing with W3-Arg/N9, containing
5 both nonbuffering salt and arginive, at pH 9.0, results in consistently high vields,
above 96%, for all four antibodies being purified.
The eluate concentrations {in g/l.), after the Protein A purification of the four
different mAbs, using the three different wash solutions shown in Table 2, are shown

below in Table 4.

10
Table 4 Eluate Concentration of Different Antibodies Using Various Wash
Solutions
Wash Solution
Antibody Wi:AS W2-N7 W3i-Arg/Ng
C mAb-Qg 17.3 17.7 2R.4
mAb-By 12.6 10 21.0
mAb-Bp 235 Hav 212
CmAb-Va L 151 14.3 16.4

Table 4 shows that the eluate concentration s also influenced by the wash

15 buffer applied during ALC. For three of the four mAbs (imAbs Qg, By and Va),
washing with W3-Arg/N9 results 1o higher eluate concenirations than washing with
WI1-AS or W2-N7. The average eluate concentration for the four antibodies 1s lowest
after the W1-AS wash (17.1 w'L), followed by the W2-N7 wash {(17.3 g/L) and
highest after the wash with W3-Arg/Ne (21.7 g/l

20 The reduction m host cell protein (HCP) in the cluates after the Protein A
purification of the four different mAbs, using the three different wash solutions shown
in Table 2, arc shown below in Table 5. The reduction in HCP is expressed as the

logarithmic reduction value (LRV) with respect to the values in the cellular harvest.

253 Table5 Reduction in HCP in Eluate for Different Antibodies Using Various
Wash Solutions 7
[ Wash Solution

18



98A 99,3 97.4 97.9 HH1\()6 0.9 0.5 0,3 0.3 HCP (IRV) 1,81 2,192.35 2.57 77
* LW = washing was perfornmed I br 12 cohima volunes instead of 6. Table 10
shows t havotha/qessgent yield of the anti body renains abece/EPZémhooral |
washi ng conditions. Mreover, the nost efficient wash solutions for renova
of Sinpurities, both HW$ and HCPs" are the wash solution that contains
both argi ni ne and hi gh nonhuffering salt at basic pH (W5-Argi N8) or the
conbi ned use of the wash solutions that contain arginine at basic pH

(Wb- Arg8)f andahij onbuf TerTRG_R&l T (Y- N7 5 s hiny Wik g g her
physiologiral“ﬁﬁggégolution. %%”%315NIN7 rg%U§§§ 10t he Eg%§§3§$§64-fold
(1.81 | ogs) asmtbHpared to thel8tarting nateritdl that|is | oaded onto the
col um. Ifi co%&gg;, Wasni g W g a nonbuffenrgpysat-t+arginizye-conbijnat i on
at pHg(Mg__AL_%_L resul.t.s.in _a. reduction. hy 498f0|d(27]00$\ The
reduction of FIMAEFfolldws a simlar tidend. \&Shi ng with théSash. sol ution
cont ai ni ng 20 mAs-vVM sodijum phosghat e, 150 T nM®aCT, . PH 770 G{W-0,"T5M 15N7)
resul ts i‘m-t—6—E-WS-t+A-'theelvate—whereas—\Washi-ng—w-t-h-t-he—nonbuf.feri ng
sal t-arginine conbi nati on (Ws-Arg/ N8) reduces this value by nore than.

5-fold. Exanpl evgh r&@ﬁ&ﬁfﬁcﬁ ireqmpafitBasbCaiPbhsk® o lﬂ%ﬁéa@l Qor&al s RLp Vash
Solutions In this exanp an analysis of the pH as a paraneter of the wash

sol ut i ons V&I SER b%éﬁiﬂ‘éhﬁ%*llﬁbﬁ“}l@%hfaﬂ&ﬁﬂW\S‘ff@TS TonbucsedC amd:h&hm t he
superi ori Gy ah: BRagLG (Rt ﬂglotgi“\ 'f@ﬁ)ﬂ}vsl.l_é\br ol e}fb ﬂh%tzﬁélcxéh{t}? g a@'h'y (A LC)

using the conditions se rimred on a
cel | ul ar ma;r'\mishc bighestbervalal wactdy 1§h§blghkﬂ)mﬁll thé @:ﬁ»gﬁﬂﬁuN@@L(&n@ﬁ}aﬂﬂMN and HCPs.

bufter at pH 9.0 (W3-Arg/N9). Expressed in logarithmic order of removal, an

average of 1.4 logs is obtained after washing with W1-AS5, 1.55 logs with W2-N7 and
the highest removal of 2.2 logs is achieved with W3-Arg/N9,
The lovel of high molecular weight (HMW) species in the eluates after the
10 Protein A punification of the four different mAbs, using the three different wash
solutions shown in Tahle 2, are shown below in Table 6, The level of HMW species
in the eluates is expressed as a percentage (%) of the total protein in the eluates.

Vable &  Level of HMW Species in Eluate for Different Antibodies Using
Yarious Wash Solutions

Miﬂi@:ﬁi&g
Antibody o Wi-AS W2-N7
AB-Og i3 3R i 0.8
mAb-Ry 2.1 0.7 0.4
mAb-Bp R 10.4 10 9.8
mAb-Va 4.1 ' 25 1.6

15
Table 6 shows that the level of HMW species is very heterogencous for the 4

different mAbs and the removal of HMWSs is mAb-dependent. Overall, the W1-AS
wash solution 1s the least effective washing solution. Better resulis are obtained with
the W2-N7 wash solution and the fowest HMW wvalues in the ALC eluate are

20 consistently found with the W3-Arg/N9 wash solution. Three maAbs (mAbs Qg, By
and Va) respond with a 2.6 to 3.9-fold reduction in HMWs comparing the W1-AS
wash versus the W3-Arg/N9 wash, whereas mAb-Bp only showed a marginal
reduction.

ig



The wash sol utions Conpared in this Exanple arc set forth below M Table 11
25Tabl e |1 Wash Solutions with Varying pH Values for First Wash(on ruAb-Va)
Sol ut i onBubR2erIAbBIsevi ati on of buffer 20 irtivl Nal T2PO4PRaAPRIO/07MOO0 tri M
NaCL pH 70W2-N7 213.2 nmM Naj - 1PO4, 250 nitYl Arginine HCI, I M Nan. pH
7.0W6-Arg/ N7 3--289 rnMIris, 250 niMArginine-HC}.1 M Nosed. pH
8. 9VWBh- Arg/N8.9 * No NaOl-1 was used for pH adjustnent WO
2011/ 073389PCT/ EP2010/ 070076 The percent yi el d, percent HMW speci es
in eluate, an 0] S i,cation of
mAb- Va, usi ngqt “%!E{%Eég T}Lf} di Tt lf“%’ 4“ mﬁs"ﬁl}%%lf‘fﬂ 8‘?%%“6%“% 1I"éb 11, are
shown bebbwdig si@bl B:ldR.in Tableg . I2CaRRAN 18 Ateflesdiy Bl 0baghaabn PALW th Basic
pH on Purlflcatlon Val ues for inAb-Va Wsh Solution Purification Val ue
V- N7 W haF&HINT WBb- Ar g4N8. 9 Yield (".".) 100,5 99.4 go 2.41.6 1.4 HCP
(11 RV)

Table 7 Comparison of Three ALL Wash Solutions for Four mAbs
mAb Wash buffor

Acetate pH 5.0 g 4.1
MaCipH 7.9 Q7. 34572 .99 29
ArgiNalli pH 9.8 G8.6 15618 1.33

Qe Acetate pH 5.0 3¢ 7.3 20393 1.50023 4.7
Qg Ndk i pII 7.0 i3 177 14673 1.643 %7 38
. ng o

1441614
1.677149 0.7
2150263

state pH 5.0 98 23,5 E83 17727
Bp NaCipH 7.0 82.5 17.2 GR4S 1883287 19
Bp ArgMNaCl pH 9.0 D38 21.2 1543 2530204 9.8

5 Cong. = gluate concentration: HCE = host ool profein: HMW = high molecular weight species; LRV =
log reduction valee; NA = gotapplivable.

Lxample 2: Comparison of Various Arginine/Salt Wash Solutions

10 I this example, the effectiveness of additional wash solutions, contatning
different amouonts ol nonbuffering salt and/or arginine at different pH values, to
remove impurities dusing affinity liquid chromatography (ALC) 1s compared. The

chromatography conditions used in this Example are as set forth in Table § below.

Table 8 Operating Conditioas for Protein A Column

Step Bufter ¥ Res. thne *
i {wmin}
Hquilibration 1 20 mbd Na}i;gPQ‘;,f'Net;Hfl;‘(}\ﬂ, pH 7.6 3 4
Equilibration 2 Tdentical to wash buffer 1 3 4
Load Cell-free harvest .8 4
Wash } Yariable {Sce Table §) a3 4
Wash 2 20 mM NaF,PONaHPO,, pH 7.0 3 4
Elation S0 oM Acetio acid 5 4
cp 0.1 M NaOH 3 4

20



0,871.48 1.61 The hi gh nonbuffering salt al one wash sol ution, W-N7,
serves as a baseline control wash to establish the , HCP/ FI MV r enoval
ability ovothe/&sigp- nmel nonbuffering 10 salt conbi nati ecTaP2@ppPr@sé mat el y
physi ol ogical pH 7.0 (wash sol ution Ws-Argi N7) and at basic pH 8.9 (wash
solution VWBb-ArgiN3,9). A small but noticeable reduction in HAM | evel s
-from1.6 to 1.4 %i5 observed at the higher pH (pH 8.9) as conpared to the
| ower pH (pH 7.0). More evident is the effect on the HCP renoval, Here, the
| ower pH—waanM( ces-the-HEPs—by—1; 148»+~egfr~mereas-t+re*—h+~gh pH
wash 15( pifeg. 9) redugg‘éf*’f he value by 1.61 Iogs, underlirfhg t¥#e Sugderiority
of the high.pH.wash in inpurity. removal capacity. Examplé 4 ®¥hnpari son of
Arghri ne/Satde\Mash Sol 2trivd Acetiouot Sudinm sy, BoButiighsol, s1n this exarrpl e,
ot her wash _sol uti ons,rHgont ai ni rw. Tween. 80, ami no acids ot her than arginine
or high COUE BT - @RE ok 1 TV Soluma@meonpar ed 1o t he
argi ninefftonbuffering salt wash solutions. In this exanple, an anal ysis of
the pH as a paranmeter of the wash solutions on the renoval of HCPs and HW\é
i s conducted ahg \E’&bh@i}s&ﬂnhemsmweinndhlsﬁyidmﬂ?ltbas k¢ fptth bondiinilehE :Affinity
| i quid chromat ography (ALC) using the conditions set forth in Table 1 in
Exanpl e y,id g;;}{gﬁe{r“ng:%sg\yggg&ﬁ%%gg&}%g@%yﬁ%h of .mAb-Va, with slightly

di fferent—l-eve sol-uti-ons.-conpared-in-this
Exanpl e aewtert foPtl¥rbel ow in Table 13: WD 2011/ 073380RGTHEN2086/ 070076

Tabl e 13Vash Sol ut bpas i, M@wwgmﬁq{mqm%mf or Figsxy-ash
Sol uti onaufferAbbrew t\E% R]%P M NaH2PO4/ Na2HPO, 1, 1000

ni NINaCl ,* pH 7.0 W Rlal T%\S&sz%bcﬁ" 1000%HPHIMNACL, pH 7.0
V@-N7 LW 20 rriM ’WQR@MMNH PO mM TOOTLtp#i SN NaCl, WO ALMT- N7- T8O (W V)

Tv,,,een80, pH 7.0_4&2Q ni 0.1 MMB-N7-0.1
I\/G d yci %e Tris SpI%Q@mq n;M;&W%E%HE@%@"‘PSHg& %qu,]_“ %Nglcﬁ/\f 289 rri M
"rrisg 25 SO T RLIE L= o ¥ s ” - 1 “W-washi ng
was perfor[rreda or 12 mCoIdhiﬁn% rtjjrrels\@\?ggt egg1 g‘t by 1mgﬁf‘“iofnds“t‘%ed with 1
N,.1. stde®solsthoh] | cone. not neasured, 5The percent yi eId per cent HW
species in eluate" and reduction in ficp (expressed as LAY) for

purification of niAb-Va., using the six different wash solutions shown in
Tabl e 13, are Stwdww \beihowluﬁﬁvﬂi' slbiver 4l abiﬁa%a@mdwmamps;@mmf alash Sol ution

Corrponentr%n&qﬁfrylrg' Ja t%adt sh e{r;'lun 11 Hg’ﬁ (} P\\»‘I%e’ cu(o‘b uumz 150 mM Na(l) to a high

1€ nonbuffering salt wash solution {W2-N7, containing 1M NaCl), as well as comparison

of a wash solution containing arginine alone at pH 8.0 {WS-Arg8} to a wash solution
containing the combination of nonbuffering sali with arginine at basic pH (W6-
Arg/Ng).
The percent vield, percent HMW species in eluate, and reduction in HCP
15 {expressed as LRV) for puriication of mAb-By, using the four different wash
solutions shown in Table 9, as well as the combmnation of the arginine alone wash

{W5-Arg®) with the high salt alone wash {W2-N7), are shown below in Table 10.

Table 16 ?umﬂcenen Values for mAb-By Using Varfous Wash Solutions
Wash Saiuimn
WHOLISM | W2NT LW T WSAref,
| Purificstion Value WS-Ared Wo-Arg/Ng
N7 ot W2-N7 ’
Yield (%) 98.4 1060 943 G7.4 LAY
HMW (%) 1.6 0.9 0.3 0.3 .3
HCP (LRVY | 181 R 333 257 L 27




Waga Solution Purification ! W2-N7 W2 -N7 LW* "7 180 Wj-N7-0.1 MC NV94):5

MWtt- ........ a.:-. % ai nt Tris 8.9 LW* ArgiNf4.9 Yield (%
100.5 100w0 2001/0838¢% 98, 1 99 PCT/EP2010/070076
* LW = washing was.performed for 12 column volumes instead of 6,
Table 10 shows that the percent yield of the antibody remains above 97% for

all washing conditions, Moreover, the most efficient wash solutions for removal of
5 impurities, both HMWs and HCPs, are the wash solution that contains both arginine
and high nonbuffering salt at basic pH (W6-Arg/NR) or the combined use of the wash
solutions that contain arginine at basic pH {(W5-Argg) and high noubuffering salt
{W2-NT).
Washing with a rather physiological wash solution, W4d-0.15M N7, reduces
10 the HCPs by 64-fold {1.81 logs) as compared to the starting material that is foaded
onto the column. In contrast, washing with a nonbuffering salt-arginine combination
at pH 8 {W6-Arg/NRj results in a reduction by 498-fold (2.7 logs).
The reduction of HMWs follows a similar trend. Washing with the wash
solution comtaining 20 mM sodium phosphate, 150 mM NaCl, pH 7.0 (W4-0,15M
1§ NT)results in 1.6 % HMWy in the eluate, whereas washing with the nonbuffering

salt-arginine combination {W6-Arg/N&) reduces this value by more than 3-fold.

Example 3: Comparison of Basic pH to Physiological pH in Wash Solutions

In this exampie, an analysis of the pH as a parameter of the wash solutions on
20 the removal of HCPs and HMWs is conducted and shows the superiority of basic pH
conditions. Affinity bguid chromatography (ALC) using the conditions set forth in
Table § in Example 2, 18 performed oo a cellular harvest of mAb-Va, with slightly
different levels of HMW and HCPs.

The wash selutions compared in this Example are set forth below in Table 11:

25 Table 11 Wash Solutions with Varving p¥ Values for ¥irst Wask {on maAb-Va)
Solutinn Buffer Abbreviation of
e R o Buffer
i 20 mbt NabLPONa HPG,, 1000 ;M NaCl pH 7.0 W2-N7
2 13.2 mM Na, HPO,, 230 mM Arginime HCL 1 M MNaClLpH 7.0 Wio-ArgNT
3 ~28% mM * Tris, 230 mM Arginine-HCL 1 M NaCl plt 5.9 Wih-Arg/NE.Q

* No NaOH was used for pH adjustment



I iITM\V CA) 2.4 2,3 2.53.13 1.4 HCP (LRV) , 0:87 1.42 1,34
1.24 1,07 1,61 - * LWwashing was perforned tbr 12 columm N olu cs

i nstea . Iwof208/073389 Tabl e 14 shows that the argi ni neCnmpbubfoeoreg sal t
wash solution at high (WBb-Arg/N8.9) is the nost efficient wash solution in
renovi ng both HW$ and 15HCPs, as conpared to other wash sol utions

contai ning high nonbuffe.ring salt alone WO 2011/ 073389PCT/ EP2010/ 070076
(V2-N7). Tween 80 (W-N7-T80), other amino acids such as glycine (W8-N7-0.1
M G or high NS...Q S. = M TE S B0 D: api El :
Conpari son of Cﬂﬁﬁgﬁ%ﬁ%&% %I rg lf%\?:\&n (%\ch?n ags&ﬂ% ggléﬁﬁ??%ﬁhg ngf@g(;h pH to Salt
Al one at {me&amﬂaﬂgh}|£1Hpunﬁwt10nlﬂi’fmhbs‘v\emaiﬂglti&‘,tht*d&&iiﬁérﬁ,ﬁmmﬁeness of the

ar gi ni nel B nbuf f.eri n was h soI |gh pH, is conpared to a
nonbuf f er ﬁﬁ““g‘%ﬁ t‘“‘é’o‘%&f"ﬂfnl lafreHgRT ’ﬁ{ﬂ Bﬁ‘}?ﬁh <Specifically, the follow ng
conditions are evaluated and conpared: (1) nonbuffering salt wash sol ution
at a Iow H(i,e ,7.0), (2) nonbuffering salt wash solution at a high 10pH
(i.e. 5 bie &hd (QGWWWF&FWE@@WEE@%hﬁtﬁd?am i onrPuwdfiditivat i on wWith

ar g| n| ne "aﬁ{ﬁues for mAb-Va

Wash Solution
Purification Value W2-NT W6-Arg/N7 Wab-Arg/Ng9
Yield (5e) 1003 994 96
BMW {95) 24 T8 14
HCP {IRV) 0.87 1.4% L6l

The high nonbuffering salt alone wash solution, W2-N7, serves as a baseline
control wash to establish the HCP/HMW removal ability of the arginine/nonbuffering
10 salt combination at approximately physiclogical pH 7.0 {wash solution Wo-Arg/N7)
and at basic pH 8.9 (wash solution W3ib-Arg/N8.9). A small but noticeable reduction
in HMW levels from 1.6 {o 1.4 % is observed at the higher pH (pH 8.9) as compared
to the fower pH {pH 7.0} More evident is the effect on the HCP removal. Here, the
iower pH wash (pH 7.0) reduces the HCPs by 1.48 logs, whereas the high pH wash
15 (pH 8.9) reduces the valug by 1.61 logs, underlining the superiority of the high pH

wash in impurity removal capacity.

Example 4: Comparison of Arginine/Salt Wash Solution to Other Wash

Solutions
20
In this example, other wash solutions, containing Tween 80, amino acids other
than arginine or high concentrations of Tris, are compared to the
arginine/nonbuifering salt wash solutions. In this example, an analysis of the pH as a
parameter of the wash solutions on the remeval of HOPs and HMWs 15 conducted and
25 shows the supenonty of basic pH conditions. Affimty hqud chromatography (ALC)

using the conditions set forth in Table 1 in Example 1, is performed on a cellular
harvest of mAb-Va, with slightly ditferent levels of HMW and HCPs.

The wash solutions compared in this Example are set forth below in Table 13;

¥id
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a high pH (i.e., 9.0). Additionally, the effect of arginine on the renoval
of HWM, 11, MM and. HCPs is anal yzed, and shows that using the
nonbuf f erwogosll7s3830l ution in conbination with al-gin:| RCTAP20QST®7HH
conditions is particularly effective and advantageous. The wash sol utions
conpared in this Exanple are set forth below in 15Table 15: Table 15Wash
Solutions with Varying Cotnonents for First Wash Sol ution

Buf f er Abbrevi ati on of buffer 20 mM NaH2PO4/ Na2| [1)04, 1000 mM NaCl, pH

7. OV2- N7 -@fsenizM MW@WM%\%E’%E‘H& @’Q FMRSBPH 9,0 *W 0-N9
50 : Tl MFris 250 i:M-Argi-ni-ne=HEL - 1-M-NaG-—NaGH,— H-9--0—*-WB--Ar-g/ N9 *,

pH adj ust¥EHY 9. oBWER 32 % st ock soI ut| on of NaCH. 20A¥$E?fhﬁt=‘3§lﬁF‘|(R§U| d

Chr omat ogr aphy (ALC) using the conditions set forth in E?}ij? i n Exanpl e
|, is performed on a cellular harvest of inAb-By, using erent |evels of
1- MA-V$ and HCPs wid lIaiHmRO, NeaiPal, 1008 maNget gt bed bghows M Table 16.
Tabl e 160perating Conditions for Protein A Colum StepBufferCVRes,. Tine
"-kConmmert (min) Eguinhi bladhPORRR,HREYI0NakiNG NECNad1 7-0POAVELGT BwpH 7.0
LoadCel | -free harvest436 tnglmM Resin StepBufferCVRes. Tinme **Comment
(min) Wish | See ' 30 mahNatizBE4NAII RO EQBA ¥ (a3 20 % nM WESX -8 84ci d,

pH5/ 4*4 kei ** UPO. 1 (]—Ié];; ge20 tti M Na--acetate, 2%/ 4*4
Benzyl al ki i hol , I—f“*jwill\?bﬁ“i}ﬁ)gg at 280 mu *. for the run with wash

: sol uti on, Vig- Al NG mad NG, }A@r%}]ﬁﬁ@ 1o BN @ WPD ARG B YIRS, Voo
for el ution and storag L r,oresi d!ence t me. \f quel
(as is). The par arrérﬁxe:nr& ofis (1) SEC-derived anti body concent ration (g/L),

(2) percent HMWWand UAW species, (3) HCP | evel expressed in .nglrag

monocl ondl  ant i bod§Utamé! f@&)i‘ﬁ\ﬁ@ derived percent yield iWheMLE el uat e
were neasured for purification of mAbBy, using the threeEQ;T{ £grent wash
solutions shown in Table 15. The results are shown bel ow \I'abl e 17. Table

17Conparigson of Vs qeh wht OkoGRIPRASHLS 1A, PHENLEERH onyYalERs 9
§.9

LW = washing was performed for 1.2 column voluthes instead of 6. ¥¥ pH adjusted with 1 Mostock

solution, cone. not measured.

5 The percent yield, percent HMW species in elaate, and reduction in HCP
{expressed as LRV for porification of mAb-Va, using the six different wash solutions

shown in Tabie 13, are shown below in Table 14,

Table i4 Cemparison of Wash Selution Uomponsnts on Purification Valuss
10 for mAb-Ya

~ Wash Selution
Purificatisn W68 M Wik~
wa-nNy WENTLW P | WENTT80 | WeRTE NG o v
Yelue  Tris82LWT | Arp/NBY
Yield (%) 100.5 1006 99 98,7 98,1 94
HMW (%) 24 1 23 » 2.5 3.1 3 1.4
THCP (LRVY | 087 142 134 1.24 1.07 161

* LW washing was performed for 12 column volumes instead of 6.

Table 14 shows that the arginine/nonbuffering salt wash solution at high pH
{W3b-Arg/N&.9) is the nyost efficient wash solution in removing both HMWSs and

15 HCPs, as compared to other wash solutions containing high nonbuffering salt alone

24



10 for inAb-By Walh 814thill Cone (oit) }-1MWN(9/0) 1.:MWN(PA) HCP (rpg/ng
MA6) 'Yield CVO Startinz material 7.32 .NA NA 370962. GOO) 'W2- N/

20. 00119,W02011/383399" ' ° 0. 4/ 0. 4* 931576783* 100. 8/ ND' WeLOAR01807@8¢ 20, 1. O*
1.2/1,04 . 0.5/0,5* 898417884* 101.9/ND' WB-ArtilN9 20,55 0.8 0.1 2110

. 100. 31ND*

{W2-N7), Tween 80 {W7-N7-T80), other amino acids such as glycine (W8-N7-0.1 M
G} or high concentrations of Tris (W9-0.5 M Tris 8.9 LW).

Example §: Comparison of Arginine/Nonbufforing Salt Wash Solution at High
5  pH to Salt Alone at Low and High pH
In this example, the effectiveness of the arginine/nonbuffering salt wash
solution at a high pH 1s compared to a nonbuffering salt solution at high and low pHs.
Specitically, the following conditions are evaluated and compared: (1) nonbuffering
salt wash solution at & low pH (i.¢..7.0), (2) nonbuffering salt wash soluiion at a high
10 pH {ie., 9.0}, and (3) nonbuffering salt wash solation in combination with arginine at
a high pH (i.e., 9.0). Additionally, the effect of arginine on the removal of HMWs,
LMWs and HCPs is analyzed, and shows that using the nonbuffering salt solution in
combination with arginine at basic pH conditions is particularly effective and
advantageous. The wash solutions compared in this Example are set forth below in

Table 15:

,_‘
LA

Table 15 Wash Solutions with Varying Components for First Wash

Solutlon  Buffer Abbreviation
7 7 7 of buffer

1 20 mM NaH POy Nay HPO4, 1000 mM NaCl, pH 7.0 W2-N7

2 20 mM NaH:POyw/NapHPOy, 1000 mM NaCl, NaOH, pH 9.0 * WI0-N9

LS

SO mM Tris, 250 mM Arginine-HCE, T M NaCl, NaOH, pH 2.0 * W3-Arg/N9

*, pH adjusted to 9.0 with 32 9% stock solution of NaOH.

20 Affinity liquid chromatography (ALC) using the conditions set forth in Table 1 in
Example 1, is performed on a cellular harvest of maAb-By, using different levels of

HMWs and HCPs with minimal variations, as detailed below in Table 16.

Table 16 Operating Conditions for Protein A Columu
Step Buffer Oy Res, Thme ** Comment
7 {nnin}
Bguilibratton 20 mM NalH.Na-H-PQ,,  3/6% 4
pH 7.0
Load Cell-free harvest 4 36 mg/mi Resin



* the second val ue corresponds to .a .second neasurenent after filtration
through 0.21.tmfilter. Sped fically". Table 17 shows that the
ar gi ni nelwertbufd7a3spbng salt wash solution at high. pH of PETEPCMBAr@/¢N9) i s
the nost efficient wash solution for renoving HW$, 15 LMM and HCPs, as
conpared to other wash solutions ..containing nonbuffering salt al one
(W2- N7 and WLO- N9), independent of their pH In particular, washing with
t he argi nine/ nonbuffering salt 'wash solution at a pH of 9.0 r& uced the
FI CPs by ["east YTdand tThe 1 t.Tea 4 rom as—conpar ed
to washi n%$Wth thg;“;{l%nbufferl ng salk\lt¥l al o%%s?qliﬁfa éef“’?m(‘\/\z N7) or a pH of
9 (WO: 0Kt < Conpari-son_of |-<dng s—of—Argimirne-and-Natt
Concent L\H\i ﬁs andl(yétlliglo;f t he Argini fne/ Sai i t%V\ash Sol uti on inthis
3
exanpl e, ﬁdrtl onal™ rgl ni ne and non=bufferi ﬁg salt concentrations and pH
washi ng cowtiiti ons *8Pd Mivesidi ght ed>to det er i ne t hel%-18% #éEriWenon
renmoving inpuriti edd’dl ni ng affinity liquid chromatography (ALC). The wash
sol uti ons“'Bonpar ed %M KpPS Exanpl e ate set fdrth belowin Table 18: 5 Table
18 Wash Sohuti ons Wi tsh Neascytmng®s Conpenents far First Wash Sol ution
Buf f er Abbr evi at.i on FofzvbiftherH0.075 MO " 250 ni M L-Argininel Tris pH 8.5
*WL1- Ar g 141 21 8e tin 25h Vhdla@ition 280a:1M W@t et chtliSatio khdS: Sy $MLdeAr g. / N9. 5
350 i NnM Tipi e$tio0Q stivirgsM*ARGY. MinRre-rH@iyce M NGl - «Na@Has ispH 9.0 * W3- Argi N9 4
10mM . Tri's, 100 rnM ArginineHC, | M Na.Cl, NaOll,.pHAM4- AreN9 ** pH
adj ust ed D d DU taln ], ution of
WL. 3- Arg. /'N gﬁn%ﬂggé}]ﬁugs%{nghﬁdoﬁgbga i &g“ﬁ( Elé%tﬂ!gqﬁg{%'!?s}ﬂggrfor med on
a cel I5ul amdHaviwestecwk, (31 HAY-146y {@pmsted it hemgnndm(td onsagdiodyhod t(h) i n Tabl e
. in Exa er % usi ng %i gtg Aﬁl different Ievel of lg.lVDAT and . HCPss
with m nidrEEre BFPgRee 6% HyepaTSEAsbiog Pygiicatiopfpitrg st ep
%%L 't n%gf%n&hgtm@m&e AlteRAOVEIH oAt fRY W AUTARY 19 THE RsEiBSire W) -

below in Tahle 17,

Table 17 Comparison of Wash Solution Components on Purification Valugs
10 for mAb-By

Wash Selution  pone, (o) HMW (%) LMW (%) HCP (sg/mpg MAD  Yield (%)

Starting maierial 2,32 NA NA 370962 (1003
WY 2R00A19.84% I RRR R g4 $I15/6783F TOGRMND®
W0-N9 20.2820.10%  1.201.0% 0.5/0.8% BOR4/T8B4* FO1L.9/ND
Wl-Are/NO 2053 0.8 0.1 2110 0. 3/NDR

*_ the second value corresponds 1o a second measurement after (ltration through 6.7 yg fler.

Specifically, Table 17 shows that the arginine/nonbuffering salt wash solution at lngh
pH of 9.0 {W3-Arg/N9)} is the mwost efficient wash solution for removing HMWs,
15 LMWs and HCPs, as compared to other wash solutions containing nonbuffering salt
atone {W2-N7 and W10-N9}, independent of thew pH. In particular, washing with the
arginine/nonhaffering salt wash solution at a pH of 9.0 reduced the HOPs by at least
3-told and the LMWSs by at least 4-fold, as compared to washing with the
nonbuftering salt alone at a pH of 7 (W2-N7) or a pH of 9 (W10-N9).
20
Example 6: Comparison of Ranges of Arginine and NaCl Cencentrations and
pH for the Argining/Salt Wash Scolutien



Equi libration 20 rnM Nall2-1Na2H POX4, pH 7,0 O Load Cell-free harvest
.38.311g/till resin Wash | See Table 18 Wash 2 -EQ 3 Elution 50 iri M
acetic acw0,20p473388/ *or 416*** 5.00-500 ni:7-rti. at 5S5@CHiER@OMATIC6 aci d,
pH 3.8 ****[**x*x 280 nm OP 0.1 MNaQ i 4/3****,

1o

|
pese

In this example, additional arginine and non-buffering salt concentrations and
pH washing conditions are investigated to determine their effective on removing
impurities during affinity liquid chromatography (ALC).  The wash solutions

compared in this Example are zet forth below in Table 18;

Table 18 Wash Solutions with Varying Components for First Wash
Sclution  Buaffer Abbreviation of
: 7 ) buffer 7
1 6.78 M MaCl, 230 mM L-Arginime/ Tris pH 8.5 * WH-Arg/N8.5
2 1.35 M NaClL 250 mM L-ArginingTrig, pH 9.5 % WI2-Aeg/ N5
3 S0 mM Tris, S00 md Arginine-HUE, T M NaCl, NaOH, pH 9.0 % WI3-Arg/ND
4 10 mM Tris, 100 mM Arginine-HCL, T M NaCl, NaOH, pH 79,{3”* W Arp/G

* pH adiusted with § M NaOH; %, huffer obtained through S-fold dilution of W13-Arg/NS and pH
adjustorent to 9.0 with § M NaQH

ALC 1s performed on a cellular harvest of mAb-By (under the conditions set forth in
Table | in Example 1), using slightly different levels of HMW and HCPs with

minimal variations, as detailed below in Table 19,

Table 19 Cperating Conditions for Protein A Colomn (at 4 min res, time)
Step Baffer Y Comment
Eguilibration 20 M NaH2~NaZb-PO4 pH 7.0 &
Lioad Cell-free harvest 38 mpfol resin
Wash 1 See Table 18 J.5¥77 GviptaEs
Wash 2 £0 3
Elution 30 M acetic acid, phl 3.5 38 8%F or Jighws F00-500 mAlliom at
30 M acetg acid, pH 3.8 FErEFErEx 280 mn
1P .1 M NaOH SRR Bp flow
Storage 28 md Na-acetate; 2% Benzylalkohol, 4 Up flow
pH 51

*, for ram with wash solution WH-8re/N8 5; ¥*, for run with wash solution W12-Arg/N9.5; "% pH
adivsted with T M Tris; 5% for run with wash solution W13-Arg/NO and WId-Arg/INg, ¥ o4
adiusted with 8 M NaOH. ‘Res. Time = residence time.

The parameters of {1} SEC-derived antibody concentration {g/1.), (2} percent HMW
and LMW species {96), (3) HCP level expressed in ng/mg monoclonal antibody, and

(4) ALC-derived percent yield in the ALC eluate were measured after purification of

o
e |



Up flow Storage 20 rnM Na, -acetate, 2% Benzyl al kohol, 4 Up flow.... 5,1
*  for run with wash solution WL1-Arg/N8.5; **" for run with wash sol ution
W1 2-Argwbi2oBy073389, pill 15adjusted with 1 M Tris; ***PCTHEPROW0OMOR t h wash
solution WL3-Arg) N9 and WL4- Argi N9; *****  pH adjusted with 8 M NaCH. ' Res,
Time ------ residence tine. The paranmeters of (1) S.EC-derived antibody
concentration (W.), (2) percent iiMNand UMV species (%, (3) 1-1CP |evel
expressed in ng/ ng nonocl onal antibody, and 20 (4) ALC-derived percent
yield in the . g

2011/ 073389PCT/ E‘Sﬁ%%%?"%%‘é%?‘%tg@@%ﬁé"%ﬁ‘?ﬁ‘ oLfte erh% b g“%&&\ﬁ %fent wash
sol ut i onstesHsvme HovwielleTheSabled8ul ts are shown bel ow in Table 20, Table
20Ef ficiency of the wash buffer at different NaCl concentrations and 5 pH
| evel s for the purification of rrAb Byftwo different starti ng mat eri al s)
Concentr |onl£MNLMN( | d( %, Applied wash sol utionEl CE (nging) (ratm)

( SEC) (% t Al 2¥gt ar?ﬁﬁ@ﬁwﬁﬁérﬁﬂar‘ﬂﬂsmm@ %(fﬁi@d)a“mmmmmm and

W 2- ALi -BRdewiezios she puvifeptigooianibrBy (g N eop2 Apriing nit606812100, 2
Starting |1l aterlai 2. 91NA 100 g, ' N916. 1513 13679

WL4- Ar g, N@P@“‘E‘i‘“’_’t“’?‘“@“13405&35%%{?%% dag{gg%‘ghc]ﬁg&fn ¥ab kv uQ %{SCZI‘ es the
efficacy of the ar gi nine/noppbuffering sal't wash Sol Ution at n| ghpH,"f or
use in fo?“mé"l‘cw‘“i'af‘fi‘?y l'i qui d “chr omat ogr aphy. W&Shi ng®wth (1) 4PFGi n| ne and a
| ower congé&hdmatison of non-Buffeting salit (0:¥5 MNaCl) at ailgpH of 10 8.5,
(2) argi %mﬁk@n\q sa hi gher Geqeentratl on ,of rkoqpbuff@)rkng sal tF()l 25 M Na( 1)
at a pH of 9. 50T (d) e|tner Fow (e g., 100 lmvy or—hi gh—(cg—5—500rnM
concent r at¥" &< dar gi ni nc,2%Fesul ts in 4 st rdhg retfdétli on of {IFPs (in

aver age >Rii-egsvwreducti on),iewst hout conpromsing theryield. gg7

Wi4-Arg/N9 16.31 170 05 95,9

The data shown in Table 20 underscores the efficacy of the arginine/nonbuffering salt
wash solution at high pH, for use in for affinity liquid chromatography. Washing with
{1} arginme and a lower concentration of nonbuffering salt (0.75 M NaCl} at a pH of
1 8.5, {2y arginine and a bigher concentration of nonbuffering salt {1.25 M NaCl) at a
pH of 9.5 or (3) either low (e.g.. 100 mM) or high {e.g., 500 mM) concentrations of
arginine, results ina strong reduction of HOPs (in average >2 logs reduction), without

compromising the vield.
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What is clained is: 1. 5 10 2. 3. 15 4. 5. 20 25 6. 30 7.
8. 35 A nethod of producing a purified protein of interest using an

af finity wohnonw7sggpaphy (AC) matri x to which the protei RCOFEPROIVAI@®EE | S
bound, the nmethod conprising washing the AC matrix with one or nore wash
solutions conprising (i) arginine, or an &hillie derivative, and (ii) a
nonbuffering salt. prior to elution of the protein of interest fromthe AC
matri x. The nethod of claim1l, wherein the AC matrix is washed with one
wash sol ution that conprises both (i) arginine, or an arginine derivative,
and (ii) nonbuffering salt.

What is olaimied is:

1. A method of producing a purified protein of interest using an affinity

Ly

chromatography (AC) matrix to which the protein of interest is bound, the
method comprising washing the AC matrix with one or more wash solutions
comprising {1} arginine, or an arginine derivative, and (i1} a nonbuffering salt,
prior to elution of the protein of interest from the AC matrix.

10 2. Themethod of claim 1, wherein the AC matrix is washed with one wash
solution that comprises both (1) arginine, or an arginine derivative, and (ii) a
nonbuffering salt.

3. The method of claim 2, wherein the wash solution comprises Arginine-HCl.

4. The method of claim 2, wherein the nonbuffering salt is sodivm chloride
{Nall).

5. The method of claim 1, wherein the AC matrix is washed with two wash
20 solutions, a first wash solution and a second wash solution, whersin:
{a) the first wash solution comprises arginine, or an arginine
derivative, and the second wash solution comprises a nonbuftering
salt; or
{b} the first wash solution comprises a nonbuffering salt and the

Frd
(=]

second wash solution comprises arginine, or an arginine derivative.

6. The method of any one of claims 1-§, wherein the protein of interest is an

antibody or antibody fragment that hinds to the Protein A column.

30 7. The method of claim any one of claims 1-6, wherein the one or more wash

solutions remove impurities from the AC matrix.

8. A method of producing a purified antibody, or anttbody fragment, using a

Protein A column, the method comprising

Lok
(V43

a} loading a mixture comprising the antibody, or antibody fragment, onto

the Protemn A columng

29



The met hod of claim2, wherein the wash sol ution conprises Arginine-HCI.
The nmethod of claim2, wherein the nonbuffering salt is sodiumchloride
(NaCl). TWe awmtdreasoof claim 1, wherein the AC matri X i spPaagired omydons t wo
wash solutions, a first wash solution and a second wash sol uti on, wherein:
(a) the first wash solution conprises arginine, or an arginine derivative,
and the second wash solution conprises a nonbuffering salt; or (b) the
first wash solution conprises a nonbuffering salt and the second wash

sol ution conprlses ai ginine. or an arginine derivative. The nmethod of any
one of clainms 1-% @Ti@ﬁwtﬂa@&mbmelwm\fxnhnt@sbs@luhsn eompntindopy or

anti body fragment th@éwﬂu}ﬁs b0a LR eRERILAIA a Pkl CHWE}‘« Qhﬁh@f‘%‘v of claim
any one of claims 1- whe eln t he one or nore i ONs renove
inmpurities fromt he*"%&‘“mhﬁ g, 4L A CRBERGELG mp%@ﬁé‘éi’%lav{bh’? Mihicedn ant i body,

IOr gnt i body fragmenthe vish BGluboiPE@h@IR irfpG@atdd Fom ﬁih@r@i%ﬁrhﬁ?%ﬁﬁﬂp Lh$i1 Ng a%]
oading a mixture,c n or an nent, onto the
Pr ot elr% A col um:* gm) §ﬁ aﬁ{:}g?‘ﬁ”e Gﬁ?lg?aé’q% f‘:&”&‘&i‘h%ﬁﬁ\/\ﬁ?‘ff I%’“éi"’&‘id% ROEBPut i on

conprising ( Arglnlne HCl, at a concentration in a range of 0.05-0,85 NI,
and (ii) sodj umehlofides 1at, &.GReen ) 4-2.0 NI,
wherein the wash soﬁqﬁt{g{on(' ren%\;’e(% f& &Eﬁ%l es“ﬁqgmﬂl {hgrbg%“?{ eiig%iL“ éol um1 and
c) eluting theCHRENHIGROL Ubﬁbf&mﬁ?@o’ﬂy fragment, fromthe Protein A cohi m.
9. The nethod of claimany one of clainms 1-8, wherein the Arginine-HCl is
at a gpncentypaty, on, .o t " any one of

ol ai ngpl 9 \A}hﬁ“lc‘:}lﬁ@f} Q&%u@p&‘l{ Gi %‘Eﬁxl\{l ) \A.Qh«“?un-[]:}e 50 “éléhﬁ?ﬁti‘f ﬁXSf or about 1
Nl . 11. The ne@tﬁ@dﬂf@“ﬂwawemleu@ﬂ “él al m; 1 10 : vvherel n the pH of the one or
nore wash solutions is greater than 8.0 15 12. The method of any one of
clainms 1-11 H of t olutions is in a range
of about 8, §1\Mil m@@m é'ﬁl‘n‘é‘f%%fdﬂ?ﬁm h(fﬂgo“mﬁﬁla P]g \i f"r‘fé“ﬁﬁnﬁw"t he one
nmore wash sol utvkgnslitendiOgrdder fRhe8wet hod of any one of claims 7-13,
whereis the inpurities conprise high nol ecul ar wei ght (HNINV) species. 15.
The nethod of . clains 3, wherein the inmpurities conprise
host cell pr Ot glﬁéncc cfgjsx)n} one of da;mq <11, whmun thc pH of g’rPL ORE Or More P

wash solutions is int a range of about 8.3-9.5.

13. The method of claim 12, wherein the pH of the one more wash solutions 1s 9.0

20
14, The methed of any one of claims 7-13, wherein the impurities comprise high
molecular weight (HMW) species.
15. The method of any one of claims 7-13, wherein the impurities comprise host
25 cedl proteins (HOPs).

30



