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The entire content of this application i's
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di sorder characterized by the occurrence of anyloid
plaques neurofibrillary tangles and significant

TR APBSICATIONS\1y | 0i d protein (also referred to

th f
o1 aquas RRRRoh fiime it 0.5 0RO e bracions
AM&?&E@%S g EﬁJREéﬁNd GEeREGK)I@IHmTZO 1ANN@3P54 Ne Ro@ﬁnxfsllﬁfé&%une 17,
halé,é']I % S SCUAR g%’g%r&?h%b‘ﬁ PRITE PORiens of @wpb%ﬁhpap%d
ma@numaaihnmanzo and Yankner (1996) Ann. NYAcad. Sci.

777:89-95) and indirectly toxic through various
medi ators (Koh et al. (1990) Brain Research

FTRGROAD ovbtrs egveNTabN (1992) J. Neurosci ences
12:376- 389). Additionally, in vivo nodels, including
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t he severi ty or even abrogate t
chevin herhotlt dirastly mxncatpe:ggtm'edh aturbm Loeasddrdyy £iRRdr§€3b6) Ann.

t | di PDAPP d rat

DRSPS B8 ooty dooid oot vaiens Reriioss Gk plogt AL

¢19%0nBratk ﬂmhﬁchtS?3 B NB%&\/IM’%H ROGH gbgi)lﬁﬁe%sé?eréés 12:376-
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%?5 1@8 ?’”’K%Wé%s 9‘%@%189“1589 Bimepuse ataitara(mg@@)have

MinRed p-bi 101d toA6afing ficits %éh%ﬁl%ggéggﬁ% d?ﬁﬁgg;lon of long-

it has al so been shown that Abeta re
sEEsinRoCARY Moteatistion (Phot gel. <2009aNasse m@mrgsgr wash\eal.

los3) 8% Cs 6T ransgeni.c _nouse

r(rD e? Otﬁ%&f]@;%’l Srrses‘ré? S?%E?é@aegg gr eflgpeta??ftﬁpter&stq'gﬁ focP%d)g)theraples
Jhat pltarttizslevels o5 aRPBAE th@djentially reduce the severity or even abrogate the
disease itself.

One AD treatment strategy that has recently emerged in response to successful
studies in PDAPP mouse and rat experimental models, is that of passive immunization
of individuals to provide immunoglobulins such as antibodies specific to B-amyloid.
(See e.g., Bard et al. (2000) Nat. Med. 6:916-919 and Bard ez ql. (2003) Proc. Natl.
Acad. Sci. USA 100:2023-2028). Recently, it has also been shown that Abeta reduction
by passive immunization protects against the progressive loss of synaptic degeneration

In a transgenic mouse model of Alzheimer's disease. (Buttini et al. (2005) J. Neurosci.
25:9096-101).
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Recent advances in reconbi nant technol ogy have al | owed
for the production of antibodies against virtually any
target, for exanple, cancer cells, bacteria, and
viruses. Typically, an antibady is produced using a
cell line that has been engi neered to express the
anti body at high levels. The engineered cell line is
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moedlépmﬁs}lSQCi to m@iblyp@qébﬂ hilgbthiy €FH2A GHB ae@ommmamgg pruseing 4lso
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|M@ﬂoﬁmeﬂmfhmmasmatapeme,rsncmmfuaaewemg&@tlﬁae%&aslfe

puri fy, A= b|nd|n roteins particul ar,
13- bASHTHRERN F PHEGE ommeTaisrIsStdh Ste noriacatioh ef progsins or

FlobypeptitRs halihg/conbtahi@8gibRY, in particular, proteins having Fe regions (eg.,

antibodies), produced in cell culture.

SUMMARY OF THE INVENTION

The present invention features methods of purifying AB-binding proteins, in
particular, AB-binding antibodies. The methods of the invention are especially suited for
purification of proteins (e.g., antibodies) developed for administration to humans. In
particular, the invention features the purification of proteins having constant regions, in

particular, proteins having Fc regions (e.g., antibodies), produced in cell culture.
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30 purification of proteins (e.g., antibodies)

devel oped for adm nistration to humans. In particular,
the invention features the purification of proteins
havi ng constant regions, in particular, proteins

having Fc regions (e.g., antibhodies), produced in cel
culture. 3 In various aspects, the present invention
features nmethods for separating an A(3 binding protein
havi ndn eatioks aspeers,ahe prestRbinentiR fedHiles Aethoad fdr@ﬂﬂi/atin an Ap
froma source liquid conprising the protein and oné
drindipy Rrotehiavingiaad'c region, gechrastah gu-Ady antibedy, foemd somrce liquid
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{
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PRSP 1B 2R 51 SmPsise pre Aanom dlteasionistens uBacor

Chih Soudd drapb S pAratich stepd chibE EbntidRs ¥R AR ontRliod (ﬁ' g2 batch

conbination of . baoth. |In various enbodi nents, t

rFEPTEEY: & &ﬁﬁﬂb%tlilsowéh- ol VaHews embiodiragnits theshethasls chmprise
OfR P IBre fi1Rati I 0AS, Mt LlkifpRe tocl%ﬂl%sg{rf}&teg cgﬁ%nﬁgtfe Ifalg%t ge? the

sol ution containrng the target protern,
riolitien Fefitaivia g therthugatmretein) mdtarémors michbitil vemirginatthe

anti - ' 1s a rine antibody, a .chineric o
anti by als RamSet, B0 3hirody o b irna RPoRG  chimeri
stibodyrbnthartredantibdiy o2 @himadivddy. BO@hel sntBBiments, the anti-
aptibody that specifically binds to epitope within

r&i P%}ﬁ’egy 1§ ap antjbogly that mﬁéa@z Binds) (®-epBopeIBLlsA residRe 7, 1-5, 3-
16221 13.39-122 - B33 I anti A(3.
bt e o IR PR o an Rl e fplartiot a0

raaibefliesspacifi@lly bindl tp as spitopa svithfnesidessanyl & ApVshdh R, for
Q her exenpl ar

residues..k-7..1-5 _3-7,.0r 3- A

Rk e 1 LS AT oA et premp s rbb a8

vintibodiesrspedifitaily bikid-t38n 6 i i

wi t hi Fesrs.ﬁ si duedg 16. 21 g‘?“ﬁ%ﬁ?“ﬁsﬁg&dg@‘gé{%%’ for

BN an’@“% FEstdugy 16-21,01 190th ffAB 5Y efntlesr exerapliny apii A antibodies
ecifi@Nybialto 8 i

SeCbanyungle 0 LeRych e s, dREHRIL o o

Aﬁi’. JnspIso glgab@dmp@sts,athd AP rntihody binedp b dspentilows pitope which

SR ESL e MAN B LR 00 NS ehBodhents daiure Fab,

Fab’(2) or Fv fragments of anti-Ap antibodies. In some such embodiments, the antibody

is bispecific antibody or an antibody made by the process described in International
Patent Publication No. W003/070760.

In a preferred embodiment, the antibody is a humanized anti-AS antibody, and in

certain embodiments, is an anti-A@ antibody selected from the group consisting of 3D6,
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Fab' (2) or Fv fragnents of anti-An antibodies. In sone
such enbodi nents, the antibody is bispecific antibody
or an anti body made by the process described in

I nternational 30 Patent Publication No. W03/ 070760.

In a preferred enbodi nent, thﬁ anti body is a humani zed
anti-A$ anti body, and in certain enbodinments, is an
anti-A(3 anti body selected fromthe group consisting

dPDSDRB44 12Amasc1rzam 2662 Ahd 1soiﬁ»€b1 tlwwlu&ﬁﬁ/ call B@Ig[M G5(31
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i sul f| e Ilnka e, a half-antibody or fragnen

g P@wg AnERRIOoRE fisulfid linkagegrbalf- anﬁbedjemffragmm
Qhé?&ﬂ'szh 3hdin Hinke or ﬁ"égrfxirﬁ‘ﬂ{é%tf anliRSLe8 ha&)5d.u|613rrcf(%&§?gglﬁnt

aspect he net hods of resent inv |on
AQQ&QQ ndi ng proteln preferably an antl-A(S anti body,

more hour Dy bR R ST SR Rl A bidian protin,

lﬁmfhhbﬂ@iaﬂ@nwubf)@ IfeuRskoacWRasTH ddghpkidfe gtfe \}Q?tgﬂ'aﬂg one or

E%fnt with a buffer solution contalnlng a
TP BRPWiiies by grst adseghivg Bpprogin taameFd lnpoimg ageas follrakd by

SHImAL HRM! Blndi&% Apeql Wiga BH@CI‘%B%&ISIII Q(t)r[t fb‘g\{ageagca%lpn salt to

b|nd|ng agent. 1n various enbo
AePRoYaATS @r m@éﬁ poridies: andsuhseqEentlyi mcbwegnggxerptotaﬂ @rom the Fc

[ fer. solution
cont aﬁl%e ng-a d‘m ﬁibggm%: gﬂ%ﬁ V%%SI ?ﬁdﬁqr ping therRiotem o ap Fe
thédiing ageutraadivashing theamgﬁudixg a@eﬁmﬂlb@bﬁff&%hﬁon aPpeding a

the .step of recoverin

t%]f‘]&lenlc n\élﬁ‘:]h? rge{r"ﬁ rt‘%]?}??az}qﬂra naggrﬁmgg qeg akout 2°C to

ebonuzngc t Inevapiond @hbodiraéie tte dﬁé&%ﬁ%ﬁ@{;m%/ﬁ&ﬁ i Fo
%H Ln the 25 range fromabout 2.0 to
inding agent comprises eluting the protein using an elution buffer having a pH in the

range from about 2.0 to about 6.5.

In various embodiments, the Fc region binding agent comprises one or more of
Protein A and Protein G. In a preferred embodiment, the Fc binding agent is
immobilized on a solid phase. This solid phase can comprise, for example, one or more
of a bead, an agarose matrix, silica, and mixtures thereof.

The divalent cation salt present in the buffer that is used to wash the Fc binding
agent can comprise, for example, a chaotropic salt. Suitable divalent cation salts for

preparation of the wash buffer solution include, but are not limited to, magnesium
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In various enbodi nents, the Fc regi on binding agent
conprises one or nore of Protein A and Protein G In
a preferred enbodi nent, the Fc binding agent is

i mobi lized on a solid phase. This solid phase can
conprise, for exanple, one or .nore of a bead, an
agarose matrix, silica, and m'xtures thereof. 30 The
di val ent cation salt present in the buffer that is

whleedé @ahﬂmhcﬁlh@delzmck&l ahlbri@e aRRBiure@thefe8PhvaBousl OF
a chagtro |c salt. Suitable divalent cation
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st sl Bmea) gl G PEELY B, o 0,

whleride.@ad braspide salts phdivalentenenp B (hodinagnesism, saltiumbbaium, ctc.)
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%bl%ht saﬂ has & QHQQRLH%etzfeén Qt{ up? glgau@?@ tQedn %b% to a%out

. Val ues and ranges I nc [ ofr er nme
\Er9c ket eehebouh ng de abwat 7.7 d:ret\hedmeabeutrﬂ Atoeboa 75@ bleﬂteeﬂ dieshit 4 to

C the re i nv For’
5ollS, WA DT RS BG0RS LeE, BLSPEN P bz B s o
labowtden about 7.1 to about 7 9, between about 7.2 to

about %; bet ween. abo .3 to about 7.7, between
about Mf’ 50Ven THIEST Ravinggva Uﬁéf%étéﬁ% hegi@ 6 21 upRST omlowet Limit are

tetended Bo BdFithinThd s%opé)&lth Fresdd In%ﬁfbnap&%( {)llte Oth@ BR4fent cation

about 15 about 9. Moreo ranges
ﬁﬁl@&i‘?ga ﬁ%mﬁﬁge*%*‘@otl’e(@r #ouBide, 35546, @tﬁp ér7.3ror I80vver
i m t myRiouk BEHEREN thﬁlfﬂrgglhﬁor&ﬁﬁ &Stﬁ\%? ? ’uon 18

present invention. For exa , cat’l on
Sqneenfygiondn e réngeatewe@agbom DUl t6 eboe5 dditand 4n EymeSembodiments

E_Bet"'_%veeﬁ abcﬁf% M 'to % o%t 319[r be%W b\é)%{ { 8 ﬁt agthWortbetween about

buf fer sol ution drvare
Osnilentabeuti2énMi ot h@mpim te dmtlam eaticalbatitr HaylcdhpriRe at least

nts between about 0.5

Ao i e RN MRS Filoadt oo AM S athhor v atues and
batgaennludbd) atid/orGut6riddiate vt thelrabgdVsetHBith BordiRkealsd Hnded
8 éﬁatlon ffer E% conprise at | east about

R SRcoRF ot pisesf TR For WSOEE, e tufler oasion has 2
aApalknt eokalit doncHRtatBS b@Ween about 0.5 M to about 0.75 M, between about
0.5 M to about 0.8 M, between about 0.5 M to about 0.9 M, between about 0.5 M to 1.0
M, between about 0.5 M to 2 M, between about 1.5 M to about 2.0 M, between about 1.5
M to about 2.5 M, between about 1.5 M to about 3.0 M, or between about 2.5 M to abbut
3IM.

Moreover, ranges having values recited herein as an upper or lower limit are
intended to be within the scope of the present invention. For example, the buffer

solution has a divalent cation salt concentration of at least about (or about) 0.6 M, 1 M,
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ranges included and/or internediate wthin the ranges
set forth herein are also intended 25 to be within the
scope of the present invention. For exanple, the
buffer solution has a divalent cation salt

concentration between about 0.65 Mto about 0.75 M
bet ween about 0.5 Mto about "0.8 M between about 0.5

Mto about 0.9 M between about 0.5 Mto 1.0 M

bétMgeasm alsauf or® M. vh ¥ &icks Mobb@eaRNhabemd
a (Jﬁé %Motfetween about 1.5 Mto ab oﬁtg’é'hlﬁo kiqalmnga
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e n buffer has a pH of
bR Bns'eher SRR et o P blatne alens Sramamstaghy stop. For
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%C{hﬁ? ‘%? Ry otatieR gxghppssehromaiom ety oimmetilized metal afﬁmty
Eb t

glaitﬁio(gro lr)ltl}g Egﬁo?ﬁdk@@m@ﬁcﬁgﬁ chljaﬁﬁto?ragﬁ&l ?—h(ﬁ |)Jd?o§§£pat1te
&*Fﬁ’é’a‘i"ﬁ’éﬁ% dialyges, ﬁ%@t}véhremaw@wby resinacainrh eulphets pretipitation,
t
E@aﬂﬂgf&iﬁ%@dm Ak PhERHEPE Rbeler @ LS BRIt O, O

after e Fe g agent > For

g@raﬁ}t@m @aﬁétx:mwpl mqoﬁanﬁMEmml fifttacian. i Kﬂrvaﬁbﬁlﬁnbodlments
on exchange

e tiiting el sl oAl b Sy mee

chmmbiograpbﬂandm HI\« gtegh. | Iniviagiou scanbo tid epek| ﬂaﬁféhnomato graphy steps are
%E}obl er on chromat ography (H C%
qyed by V“%ﬁ%ﬁ%@é&%%w frat l%%ﬁltra 41} §i¢p; pnd/or a
nﬁwrommgwammtﬁmmtbgn sul phate precipitation,
et hanol precipitation, reverse phase HPLC (RP- HPLC)

chr ondBe gensst g presentinyention prowides methods faf purttyiat koS

gfr% gtpkdtéﬂé ?rétgﬁbl}%dang%ﬁ gﬁtibtocri)%tfrlo%nan 1|mr}])u¥1%'r—cl:o(r)1’tja§mng solution

thereof. In various embodiments, the methods comprise first adsorbing the protein to an

Fc binding agent, followed by washing the Fc binding agent with a buffer solution

containing a divalent cation salt to remove one or more impurities, and subsequently
recovering the protein from the Fc binding agent to produce a first eluent pool.

In various embodiments, the purification process continues with subjecting the
first eluent pool to ion exchange chromatography by contacting an ion exchange resin

with the first eluent pool such that the target protein does not adsorb to the resin and
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the Fc binding agent chromat ography step is foll owed
by an ani on exchange chromatography and a H C step.
In various enbodi nents, the chronatography steps are
further followed by a virus filtration step, an
ultrafiltration/diafiltration,step, and/or a
m crobial contam nant filtration step. 25 In one
aspect, the present invention provides nmethods for
muovefn;ng g fw- ﬂﬁ'&lghbb.ﬂgéh pﬂ@eﬁﬁ@bﬁidﬁce DRORT MUY p&1. Tn various
% %ﬁ nti bod m an i npurity-containing
eh‘QF‘ & an$ﬁ'n° ARG egraPhiRpiupHReTcampripRs vipshing th ion
ENRdeS &It Withh b ng
Gﬂﬂg foIIomedag?gag?ﬁ?%gngﬁgs%%S%?ﬁ%%ﬁgq Bgﬁ? Q@%
fosd tasgst pratein. containing a divalent cation salt to
r enov nd _subse uent y 30 .
r ecov@r‘@ﬂgut ‘%%g?g I{(EglTrrt:&éf'plu}1 hg%ﬁg%ﬁ%ceﬁs WYY '\i.l‘r?PbJF‘Efmg the
pacoetideent polrts hydsbpiebic ipeoiction chryaato Qx&ﬁhﬁmﬂﬁbﬂﬂiﬁﬁttﬁs target

th bj ect th
bIEPH B RS B A ST B St S Byt

h}zd‘llblﬂroblcrl@aﬂdm) IveH3hig @Kbﬂfyﬂﬁ;ph&ﬁb thterdétioR réﬁ}?wfth 'é%ﬁffered wash
el.uent pool. such that the tﬁgge rotei n does not

spiuingViftan igic sgeneth Whigh does fajindhete thedaestipraseigland
teR6@Ring Ricqiueified tRgd hRAYE ByFicARCRTE Al iR h 10h bRES wit &h guic

vari ous enbodi nents, the i on exchange chronat ography

sragthrloy epaishde Apsorts ts tanzes proten filem hho hydreptmhrigeractsi 1esin).

th
o 1 PP a3 O L G S QY RL lpl 3 B pinaing
agAbigiimmebiized prea pnlrd| Iﬂwawmh 1smrefemsy epilibractesithh tilitable

B 556 B RS SR L ) BRSL L SPRERLE, ot

pomprising dgarose mydelsilifiapiie Fc fbhﬁ]ﬁxigcdgbﬁtn Th O&idus eRbSdimeRts, the
sglid, hasg“ﬂMtl onal i ed wi t h. hydr ophobi c i gands)’

FHERP 5p%8h S @ﬁtglé/tcsfe% |t<bﬁecr@§¢ oF TP YeRt Rpnspecific
bdefReed thesdlumsol uti on with an ionic strength which
does not substantially elute the target protein and

10 r eXFEPYSRIROdER e, e neefeing pyafieddryanesheds of theipresbity
YveRtEbnan 3!& Wrinftduh b ?Baﬂa&éﬁu@ﬁlﬁ &@épfqab% éa?%%tapld L& 4 for

enough to desorb the target protein
MytERus giagastic, |th¢repw@p |0D¢r‘-h¢res¢sri<)n.ownlfnr ke fretccalés.

enbodj vari ous ects. of the vent i ons,
t he Fm%m"?f bedd %%erﬂfesegf RYRRBER ProYidss Bt adfsgr PYifyRg R AB
bhniding pr@eip) Iﬁéﬁfa@t}} 3h DEUAR bﬂ?ib@&% Groph 4 Ebl&&%ohﬁgﬁ:%_me protein

buffer prior to contact with e source |iqul

&l ngopraddupueiyaseat SR thereo| irfratesd eenepts) métherls of the
PRSP ﬁﬁ'eﬁmé ﬁéeé 't@fkdﬁ&eché:ﬁvgé deér% ﬂ%ﬁ@ﬁx&on Peal(! glgrl Q>

enbodi nent s, columm 1s coat
¥yt gpscigs y@gyrgiem prepagationcfas examply ureamantlbmim&amatfohc In

@Q}ﬂﬁlrs @&Bgdﬁngntgnﬁe ﬁ%ltelfﬂrrnecovered from the Fc binding agent has a level of

intron read-through variants that is at least 5 fold less than the level of intron read-

through variants in the source liquid, and in some embodiments at least 10 fold less than
the level of intron read-through variants in the source liquid. In various embodiments,
the mntron read-through variants comprise less than about 1.0%, 0.8%, 0.5%, 0.2% or

0.1% of the species of said protein in the solution containing said protein recovered from

the Fc binding agent.
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In various enbodi nents, the proteins purified by

nmet hods of the present invention can be fornulated in

a pharmaceutically acceptable carrier and used for 20
various diagnostic, therapeutic or other uses known

for such nol ecules. In varioug aspects, the present

i nvention provides nethods fof purifying an AR

bi ndi ng protein, preferably an anti-An anti body, from

a sol IitvaBiBuLHpad, Mhd1FedeRSnPinBibR pfbovidds chettdtis £ urifying an AP
read-through variants (IRT) thereof. In featu?
higgumgiproteinspatsmblibin ankieAB mté@émfrcbmv@ﬂhltlmnccmtmngﬁxd prmiem

re.l on_read-thro
T T
preamb irevention eaél uaﬂttd) beddse the Rpels af bRdlor théte 106RMbRYSlar weight
aﬁl?lmsnts IProtel rec ver ed frgn1the Fc bi nding
Varé SHYESS & %%R? BEPATsHiR SHED AL RO Y Bi§P3 aliqua dp yarious

ERBbdimSntatthé n Recb@hdl @S el MAIndihe aéeﬁyﬁé aqgvel B¢ 159/”

- throu ariants in the source |1 qul in
519??@ ﬁ’éﬁﬁ'@%ts Ahat [scah lepst f(f°¥ddp$f thansthe tewdmf IQVh momul@r
Pleighll il 4T b O e g PRl ebbddii ROMTER: 10 Al s than
WerlpeehpSlowonpleswlar weghs varfeats in blmﬁouﬂs:e(]i%udo IlB%noﬁls Eﬂrﬂ)odlments
glezio/ﬁz%olecgla}%ei)%hr Lﬁ?ant%% 8: lggs tﬁr Ldl 8§éfé‘9 ¢] ? é’rr?% 8 2% or

solution conta
Bd “%bofitle sypemg efitaid ﬁotelmm\ﬂ&r sa]luﬁbn&‘éﬂlﬁﬁﬁn?g saldPRotBin@s&Rtred from
M) rglén %%0VIdes met hods for purifying an Al)

b1 ndi ?ﬁ n, preferably an anti-A(3 anti body, from

a sol Ijiva@bussnpéak MhegedehBinPedios ':pfbvuﬂeﬁ ehekifVs FR hBRGHAY an
wei ght. variants (LMAN thereof. In featured aspects,

Wipding proteim @refpipbly an enti-APamtibedy, fom agslbdion comadmgehe
s g
arethiods dfthp peasent anviention dreyused ito tadsce thaievelis WBoeSor nidie under

Rl B R RAERE Pant T  RBroif preptelid s &4 an aribody

Ip@&tatl&n fI(nl Vdnbms;ﬁnﬁdﬂﬁﬂeﬂt&l Ehek@Mlelln r@cfovlsl‘é&/ﬁﬁﬁﬂ tﬁé:FJ: ﬁl'hdmv agent
sour.ce |iqui d

U5t S8R i e b0 s tbatls st 3 dol8 Moo taslevel of

|uﬁ&‘érm€duﬂﬁé lhandemsiagitts HAthé @k liquid, Bed ﬁl%ﬁle %m'bbﬁ_rﬂeﬂts al ftast
Jg IEM? enmbodi ments, 10 the | ow nol ecul ar wel

sg thap i leed of wader @%@ﬁdﬁb@@@d Yarizgs ig tl&%)m@c Hogid. In
Jusfsinbofiulenll B ubiZ SRR Bondt Akl Bl Rt haf ifout 20%,
REYh 0 G, Hgenl % qfrﬁhwwlcmf saidpeattis, in tHeeolpnesmmtauuno said
f Al
Eﬁﬁﬁﬂﬁggg?§§§¥%gﬁ%?e erag?%;gg gﬁ[:-%&ggaﬁplbod;, from

a sol irt amothet aspicet] thie Peestlt énvedtiorPirotiaby entB biABEAE brotein,
dISU|fIde bog&gd variants (UDB) thereof. In feéatured
é)g erably a.n anti antibody, purified according to any of the methods that comprise

at least the steps of first adsorbing the protein to an Fc binding agent, followed by

washing the Fc binding agent with a buffer solution containing a divalent cation salt to
remove one or more impurities, and subsequently recovering the protein from the Fc
binding agent. In various embodiments, the anti-Ag antibody is a humanized anti-Af

antibody selected from the group consisting of 3D6, 10D5, 12B4, 12A11, 15C11 and
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met hods of the present invention are used to reduce

the levels of one or nore under disulfide bonded
variant species in a protein preparation, such as an

anti body preparation. In various enbodinents, the
protein recovered fromthe Feybi nding agent has a

| evel of under disulfide bondéed variants that is at

least 5 fold I ess than the | evel of 20 under disulfide
BéGdeth waaividerhisodimeritd) Shestir A8 ahtibai, & a lamthnized S9HE S antibody

dj | east.. 10 han the |evel of

o SRt e Sontine a0 BBeBsadiLe | | qui .

In VB indtter SFRAJMEBRES idvRRMNSIBYie aséjJstfeig%%it?@g/g&d
15% 9

variants conprise |ess than about 20% 5%
poferminganyrofithramethedsithat comprysd a lgastdhestepsi of first@dsorbing the Ap

.ution caont.aini sal d rotein _recovered fromthe,
Piticine pifel e B BreBion, sybh A apg A pntiors. tprag Ji nding
lapar@ bl ewedByOVisERE tRIFoWindiRi BEnP /it ra%hﬁgﬂ'bolutﬁh%gﬁ'éﬁtﬁ'{%ya

f e

ﬁglﬁpti:A 3 .antibody, purified according to any of t
RIeBHanPR slt O SFBPYEGRe Opmoreimpuritipe and @psequentty regqvering the

%ﬁﬁ@ﬁ@bﬁgm&h@bﬁﬁg&gggnﬁo an Fc binding agent, followed
y washing the FC Binding agent with a buffer

sol ut fo#othsh aweeis.Ake prestntiavemionpaevidas agatification tragmfov e

- ' Ny .S U Ly r vering
PhoindBl L En b ARBER ARl NARS IR peorle e
étﬂi_niddingpto&m,_tpgdgmbiyialﬂ Anti—.’ABaafﬂtiibed)Hb ArSFcbilUNE Behe dollowed by
3P e P i S Qo SO T Gping  givalent tion Sttt
Yéhovelhe 0RO itRitifes, iltBsubilgheriy RivbRAte |
huwanizgd antH?XiB ghtibgdﬁh Zeﬁecteg froﬁ??ﬁ%nngU%ch

&A%FMg of 3D6, 10D5, 12B4, and 12A11. In another
aspec [ j I system . :
o e PRER ANk AMERLO LA G300 SR nperorming
©8epY 8w odthd ragibedsiofi thegirespt infentipn.sin vadswr dmbuglithéres, Afckit

L T Ry AT

weisthiisegprieve nfoes ehgetisgclagent Fobitdingadeuf, b @fvakal thiofBalt and

SR B ot B SRR T n s

RIGiE&Vith ihstRIRibhMToFEse BIF AT 806 Phurifyl dh @@91&1&8% pPOtBECS S.1 anti-
t he present invention provides a purificatiofn'trarh =’
dt antiyogser f or mi ng any of the methods that conprise at

| east the steps of first adsorbing the A(3 binding
protein, preferably an anti-An anti body, to an Fc

BRIEF REMPIRTION O THE DRAWINGS hi ng t he Fe bi ndi'ng

<000 0 o T PR AL A L
SEBERUE@NSDY.vERBAVES infiBody IR had Blaby b0 §BO IDNO1 and SEQ
%r}gb:ggre%}e%t%ély. Light chain complementarity determining regions (CDR), i.c.,
CDRI1, CDR2, and CDR3 are, respectively, at residue positions 24-39, 55-61, and 94-
102 (upper panel). Heavy chain complementarity determining regions (CDR), i.e.,
CDR1, CDR2, and CDR3 are, respectively, at residue positions 40-44, 50-65, and 99-
108 (lower panel). Predicted intramolecular disulfide bonds are illustrated by
connections of the cysteine residues involved. Cysteines expected to form

intermolecular disulfide bonds are underlined and the connectivity indicated. The N-
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15 The present invention also features, in various
aspects, kits for use in performng one or nore of
the net hods of the present invention. In various
enbodi nents, the kit conprises at |east one reagent
and instructions for use of the kit. For exanple, a
kit can conprise one or nore reagents such as an Fc
bi ndi ng agent, a divalent cation salt and reagents

fmkedtgll‘g&osgﬂ:ﬁmarcaﬁ%ﬁﬁs Qfte bltht eritivoap Resv9lchiih QinRAL@ i dds at
i val ent é§§38£asalt 20 along. wth instructions for

’ffé g positipms verngnel) - Tlr-eyprachctmbhw &h#ig Coepmiahliysine is
glogmlh&a@hﬂleﬂs anti body. BRI EF DESCRI PTI ON OF THE

Figure 1 shows the conplete am no acid
sequences of the humani zed 3D6 25 version 2 (hu3D6. v2)
anti Al3 anti body |light and heavy chains, SEQ ID NO
and SEQ ID NO 2, respectively. Light chain
E@Hﬁﬂbﬁ@ﬁﬂﬁkﬂﬂ?TﬂﬁﬂéﬂﬁﬂﬁEﬂgVEN@MQNs (CIFQ i.e.,

ectiv resid

p03| 1 Euﬁlﬁbdes ’é% eélhvgné% i eb(eﬁ’ﬁ}? ltﬂﬁ’h&l crs"andmg
thereny tocseatorth deﬁﬂiiheﬁﬁifftcaﬂtmﬁ Yerfie i lisbd Rdtein€ he ASfiritdR)set
hgﬁi, .qgg; CDR2, nd CDR3 are, respectively, at

iHgTRLn §be?Ib$r§u Igyease;of igferenge enly gndypot bygvay| of lieitation.
panel ). Predicted intranol ecul ar disul fide bonds are
[l lustrated b connections of the cysteine residues
kﬁﬂ%&@éb;—é¥§%éﬁﬁés expected to form internol ecul ar
di sul r ctivit

fhéjﬁegﬁﬂq%n%oﬁ f\%ﬂlﬂ'@i gtﬂgt‘]ijs ¢t gg?f}ﬂf% KB, gm%lr@ é’ﬁ%tﬁlg‘s in

i ndi cated. The on con

- pitieula Aﬁi‘b@lchmﬁ mqueh dawﬁmhlax rhhel mvenltldn Gateek thewpurification of

t o r panel
Rl ol Sord Btk B, B s e B Gl
awtibpdiesipiodsded in bel DinTitd. EDVBES@B&p‘EE_ﬂs hb ﬁéséﬁ't"ﬁwentmn provides .
| W¥O\|ﬂq§é§ or to Emrt her describing t i nventi on,
e B EURISAH AR BINdinE BFYER Sk priaies andlisgegion, sueh asem anti-
]A(Brélhb&ﬁ’f Jfl'Gllnt ISQHI%IOH]‘CUmdm I”rl% rSteib nh%ng g Ilijlgl%q'e"bde t%.goalgh

The defi'nitions set fortruﬁ reln ave een
venangsdbercef suchfas rfelmzr@mptel, intran tead dtirobgh vemignief In featu:ed aspects,

Pr ot ei |t|o s The
EIeLlHEbt ARyt il e R Rhusrne BVt Pl p o gpore inon
Mdhhnodgm@R'm‘} Gdr2htspeciedlin J3RbteinGidparatiofSr &dalld) th an antibody
ant i bod eﬁ& n pgrtlcul(ﬁ@%{;e L nventjon, features the
BUPHFI &4t 15T 1HTo8TEs VIR o AR GRtron Tsed-Ehenghivariant
Biiciels’C bk @ked iRfebhngdabll AleRHChnb GeftAB R odift Bf a process where, in
the synthesis of the AP binding protein, polypeptide chain elongation is terminated prior

to transcription of a coding region by a stop codon in the intron prior to the coding
region. The result is a variant of the protein of interest (i.e., an intron read-through
variant) with one or more incomplete or missing domains. Such introns can contain
more than one stop codon resulting in the possibility of producing several different
intron read-through variants.

The term “under disulfide bonded variant” (or “UDB”) refers to any species
where at least one disulfide bond is missing. The missing disulfide bond can be either

an interchain disulfide bond or an intrachain disulfide bond or a combination of the two.
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.15 anti bodi es), produced in cell culture. In various
aspects, the present invention-provides nethods for
purifying an A(3 binding protein that contains an Fe

regi on, such as, an anti- AR anti body, froma sol ution
containing the protein and ong or nore read-through
variants thereof, such as, for exanple, intron

read-t hrough variants. In featured aspects, nethods

of t NEheIeRS Eloly BB il sBedii® dr t‘mwdég%iest 13ferd 6 Y lishts of
of one or nore intron 20 read-through (I vari.ant

H5eH} wading ppoteipot & #ntiph e patitedy dncluding a exedeip gecies thaatonsists

' g ' T 1B "Nt ron. read-t hrough
OEi Ry B RAb b Mhin Y RPER GaIFThP Pl S5 tesrcbiters
mokeculs cot mimtueesc tieregfabl y herein and refer to the

produgt . of ,a prace ere, J.n the synthesis of the
A(3 g\grﬁbeﬂlh‘é‘ ‘E)E‘b%@uﬁjiz igﬁlcﬁlgé’ﬁb PERteiR fonnd iR Mo FHensaf i s
Sephplosvcas dardadwhidibihdsaNBCHibR ity ¢hoft TPNMY hﬁrﬁ%@@) to
Bé a sto odgn_ln the intron priof to the coding _
d{é 6?1%1°I§ T’]’ée:a'“ltl adipt Asusgd herpingthe teym PreteiprAdtenomprsses Protein
Al ] . i = vard ant it
s s Enas bk LM QL G 11
PeRrtde pentasis, evrrcambinaptiechnighes coneamsitvapamtothereof which retain the
gliﬁfﬁ tb bid@ ﬁr&eﬁ@%&%ﬁﬁw% FH&YO Bhgduci ng_sever al

erent © intron read-throug varPints. The term
" undeProthirs (Hif A dé\l,ﬁ@m phetkiv lﬁnmagnéﬁ'p (G@geﬁi&éllafo':'i)d-Pfcgéiﬁ g,sis b @ype I
[ 3 werne .at..l.east. ope djsul fide bond is
B YecBRGE Ebn biids SR e e P Run Bveretonot Buthorch.n pargpir
ig@ amtibbdies) Ab asddfberttn, BRREMOPraRin G é@@ﬁg!}s@esqiréﬂéinf(i} HRovered
ggnd or. a conbinatjign of the two. 11 The term"| ow
Tt 4y SeREsheroat Beaten G pspducedpynthepieallyde.er, &Y pemtideo
Viafthedia] 18 reborhibiBarftehBiqhell &) PhAtShits Beo wﬂﬂ:ﬁ'r?’t

ant i body, including a protein species that consis
rbipd petesavRiclke haie, Fefregien.| i ght chain, | RT speci es,

hal f -4 R - »qiarters- molecyle, or, ..
m xt u?igést%t efbe% 91‘3?;{%{)%%161 %ﬁnﬁgﬁfﬁp%%outb'ﬂylﬁlé ;c 4ty and
AP pepiidet efemsédinedcHangdablsthesdin.ai ns of St aphyl ococcus

aureag Wwhich binds with high affinity (about 10"8 Mto
hunanIgeym 4P bindengproteingiap Hsegthersin issenided to er tseprotein

R&JaBled; g [ ; es Protein

PRBl 3 el Tnalt®, R0 el S IRBRASS o) b g A0
pendide(sk dr Byinhat ippadciapie(ténding affiyity fepp. de cesmplRgSi S,

b Qﬁgpg?iﬁﬁnt techni ques, etc.), and variants thereof
SHPOSBPHE o0 AR Rindige BRI pntains 1 Feroien sehibat sy hind an Fo
bR agédtidéodediiy tlb RiRtholiE Of e ﬂlv&l’do%. a cell wall

protein fromgroup G streptococci. Protein Gis a type

L1 T:'l&t,e@@ ot émré‘hnmumhmin’h(mt@hteaﬂlﬁhgmmy hewir) Inefers
el R R0 Ok AR o PR phBlin: gl roppe consisting
ehisvrhsassasl tRodight chai@sy saiiosheine deing stabilized, for example, by
interchain disulfide bonds, which has the ability to specifically bind antigen. Both heavy
and light chains are folded into domains. The term “antibody” or “immunoglobulin”
includes monoclonal antibodies (including full length monoclonal antibodies),
polyclonal antibodies, multispecific antibodies (for example, bispecific antibodies),
chimeric antibodies, CDR-grafted antibodies, humanized antibodies, human antibodies,

and single chain antibodies (scFvs). The term “monoclonal antibody” or “monoclonal

Sthe ability . -
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.stam

froma native source thereof, Protein G produced
synthetically (e.g., by peptide 15 synthesis, by
reconbi nant techni ques, etc.), and variants thereof,
which retain the ability . to bind proteins which
have a Fc region. The terns " (3-anyloid protein",
(3-anyloid peptide", " p-anyﬂ&id", "A(3" and "Ap
peptide" are used interchangeably herein. The tern1 "An

Bty SorRRitRhM as ﬁ§ed‘lﬁf‘eﬂ1 REERILD a:pﬁli)ﬁég ﬁ%‘%‘}gﬁiﬂt}ga% L& lecu}fé that

to a roteln 20 capabl e of spec
Rly one gpeciep 0@?51 M5@slq1991mﬂ/|sxt¢wapabla Dﬂreboﬁnzmg and binding to

eC bIe i.n finit
Qgﬁﬁb“?%‘@%tapiéfea” 01980, AARKEERROLeRAbR 8 AT A Blondclonal
gmpé}' mlmmsﬁmn mlslsayplé'ﬂlyrdcsglaya asmcgle Bimtidg dpkciiaify Randamiby for
lmg ent ﬁﬁcgﬁgln to the HEHEOdS of the
TR IR E g?ré\y unoggacis; NopRBRAe Briibogdies can be

‘(hmﬁ@hziedft ey ebiangRa bbbl frkkarhsitShd.S HatdnPNEs 225,539, In
in having a basic

ant| ndi rﬁ%f
?rbzetﬁpr}g‘gpae R 2 mgeried intoadismas entipdy of consensus
ﬁﬂ%ﬂu( ﬂﬁﬁe&m sbh . a5l oA BEIHBANG i o amiocy

i zed f or exanp I nterchal n
Reorl i odulRta finity oammunwwltmecu fically bind

‘ d
ot 9% B AP B RS O R e
srrecifioite Sor 0 APCHepride ofamtnab @.ﬁiiyﬁﬁd ﬁfeeﬁ«ls&qir&&nf(ubb) '&s‘géﬂhde is

monocl onal anti bodi es), 30 polyclonal antibodie

ﬁ‘ﬁ? knaypeaiths &t aheranseeld pemt&e ieprphids isian gmuoxlmately 4kD

R o P oS AR (@D, i i B and &P

Bspbotivelg). heherit aﬁﬁ-tAB)ﬂﬁle@y’ (i8 GfratRikd to@ﬂ@orﬁﬁs%ntlbodaes having
" mpnocl onal antlbodgw "nmonocl onal 12 anti body

g speciiasity forany of Bgshiormas of AP pfmsids. Specifiqroptdhbntibodies of
ﬁlfteré’s@ tdcRREL RSB iRRed 324 D6 %Tb[??ie ﬁ%@ T?égogﬁg: ifeﬁﬁf %ﬁdand

an antigen binding site capa
bmnamzag vletslona tlmwdfl Exﬂwlargphﬁ@ﬂfamfbo@eé &t g&kribdatih 9ES.,

AR BR0 SettBor TP 6 pprrabere, SO0 SEhS Patent Rigation No

PO030I m%mcseé bl‘éb PET%@héhfuBh Nol W 9002540@3’#’@%’0&%“ A%ghca’aon
qﬁg a@ en with which it | nmunoreacts

g?ﬁ‘% dt Yd8&287> Bled Magehbd i20@3(U.SyPatent Rublisaéen No.

Q‘@Iﬂ@%m?‘}\l f QE 2B RO |P:t‘1bhéaﬁoﬁ"N% C%@&&W}’OSMI 9A5_’t)2[§§ gpghcgtlon

In one nethod t he non- human are 1 nser

Rerirk Noa HY/33fo2A, Sled Mavele H 3603 @A Priehy PhislaathunnNe

I,LNto
A Ty et R0 PETIMARGEAN W 2B PR IHIGHS. Abptfeation
PerinlNog EMB 2,855, file0 Jieel, 260H(U. ArRatenAPRbIRBAIHIN 2005 18651A1;

t f t hav bi ndi n
R e L U AR
b1/304)9850 ﬁlqdrﬂtﬁcain‘ner(IAPR)OS PR aR8PITHES05345515); the entire contents of

all of which are hereby incorporated by reference.

=
-
.—

Additional exemplary anti-AB antibodies are described in U.S. Application Serial
No. 10/226,435, filed February 26, 2001 (U.S. Patent Publication No. 2004004341 8Al;
see also PCT Publication No. WO01/062801A2), U.S. Application Serial No.
10/487,322, filed August 14, 2002 (U.S. Patent Publication No. 20040192898A1; see
also PCT Publication No. WO03/016466A2); U.S. Application Serial No. 10/476,265,
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al so known in the art as beta anyloid peptide. AP
peptide is an approximately 4 kD internal fragnment of
39-43 am no acids of APP (A(339, A(34), A(341, A(342
and A(343, respectively). The term "anti-AR anti body’
Is intended to enconpass antippdi es having 15 bi ndi ng
specificity for any of these torns of A(3 peptide.
Specific anti-A(3 antibodi es.of interest include, but

alled Apiil 46, PIC2AULS) PaBBERubliRRon N@ @6050%)80@4]8[%15&%0%

ﬁﬁg and_ _ humani zed versi ons ther eof

ficaigon Non WQ(BH188306A23; WSs ppliestion Berial No. 10@97,475 filadnApril

Qg %@r?tz Eﬁ’ gl lliagvént@?‘gﬂ%ﬁ%on Itlg &8@6@@22%%% seGé Zogé'g %u;bjﬁtlon No.

FXM@DZ/@%E}OBAZN@MWS 20pl¢atiog FeA)No. 10/505 Auplm@wdbamﬂm,

g%t eﬁ(tb éF\ﬁ,b fefi ?8‘%10%2\1 Eé@ié@%%&?ﬁ OPﬁggl&S@ﬁl@@@

PUBI0BOZ®T60A2N0. WO 2004/080419A2) U S. Application
Seri al 10/ 38 fjled March 12, 2003 (U. S.
Pat entThN? gitge g}ﬁ %R%f“e 0 (B2 RBLAPOrtigneofAn gptitdy or

R tibods/athi
Dutihasy mmi 8%1%95%*’5"??"32&3@?\3%%“5 o g R oL BotRee
sat ‘?dc,yaqr %‘H’Oﬂ% chayp BaMEES sIbe hrinpdeimttemiChr enzymatic
nggfn?ééli?‘.’ Ainfaor YBRMALEEN Aedodd Plkaly Frsements oo o be
%ﬂedé?é’ée@@@am¢@$OEXﬂﬁlﬂiﬁ’)ﬁagtﬂems et deeF 26 OFdbe, IH(5b ¥, Fabc
t f
Fokry Ml G- S8Y b BERRA R b el it SR cescribed for
|emam!pls, Hl&ppd;tlag 8%986)18(52’(016 ghtti 1D }:)Zﬂgl) m&teﬂﬁﬁxbggy k88nents may be.
al en u | catl on
i’ggdzl’%g%&'%gﬂﬂques (“Q’e‘é‘ thg & mefsgme it petlimise tip(D) an F(ab')2
\Mgﬁeﬁﬁﬁmé@by péﬂsﬁ difedd SRl ﬁfibo?’ dlé’llscuﬁ\g (11) a Fab fragment

10/4873 fI| st 14, 2002 (U. S
BIBTREd YH#“WBc g@@iﬁ@&%mfaéé )&ﬁ@@nﬁﬂﬁﬁn)aFd>ﬁagnmn

gg?%rgt;é@k% e M%\é@%é@%%@%ie&ﬁi@ﬂ%%ﬁ%ﬁ %%%6 iergitlfjn%agent
pad & Fripgmenis i The tew “apigscoiodieg &égmem’éf}:ferh &0a RGpeptide

?é%ﬂaeﬁ%ﬂag%%lﬁﬂ%@% 3 "%ﬁg}s‘\“&t B o Ilzé%%tmp(:@s with the

Pateetrantipady) fraomwhich they Weié)d)éiﬁfbd 2r3pific ﬁﬁ@e@bﬁi@ml?CT

Publ ) 2/ 07 I t
Ser all Rt Ps 514 R O RRbisg P A besvy oF Besshan
(IMI)@CptREtoempnﬁﬂg)j)epn&é lc@ps (¥0z., PRSIk 99 2; petiie l%ﬁpst%;ﬂ-zed
bllca v003/070760A2) The tern1 ant | body
I BY s

Praf‘gjﬁﬁﬁ & sheep angdiorinigachaig disulfide bpnd nDemeing axd further
QEferrddto }E%aé}léaﬁd?an@oém*vhﬁéﬂg%’ B%@@Bn ﬁlg]r{lg%\%gag( of sequence

resi dues than an intact or
AEiptEdyitien diedomping gfrearious dass themlgeint muthmsybfaa ogsthaal

AonfBZ ¥FBE SiEnificant variation within the domains of various class members in the

case of a “variable” domain, “Constant” domains on the light chain are referred to
interchangeably as “light chain constant regions”, “light chain constant domains”, “CL”
regions or “CL” domains). “Constant” domains on the heavy chain are referred to
interchangeably as “heavy chain constant regions”, “heavy chain constant domains”,
“CH” regions or “CH” domains). “Variable” domains on the light chain are referred to
interchangeably as “light chain variable regions”, “light chain variable domains”, “VL”

regions or “VL” domains). “Variable” domains on the heavy chain are referred to
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10 treatnment of an intact or conplete antibody or
anti body chain. Fragnents can al so be obtained by
reconbi nant nmeans. Exenplary fragnents include Fab,
Fab', F(ab')2, Fabc and/or Fv fragnents. Methods for
the construction of Fab frag ts are described, for
exanpl e, Huse, et al. (1989) Science 246:1275 1281).
O her antibody fragnments nmaybe: produced by

ireerbiingesdby dsn‘ﬁmwcﬁa]h Reridld rezfdal ydidigy clp.ﬂﬁ v:ﬂ%lé domagn%d
b')2 15 fragnment produced by

t £k

%Ieg?a)'%ﬁ °6f d%ﬁﬁn@ody mol ecule; (ii) a Fab fragment

gener V. ol es,..of. a

it ?g@t??ggrﬁegﬁtg &!(d‘ﬂ %llgf%r a%wr{ 4t %i‘tl %tof ag gﬁtéq,ogygga%yr

gptibogly ebaimeomain{fot breammid, |etmmhwrr1mftmm¢|fe hmaytbrm@madham&ﬁq part
t Fv fr nts. The term

e e AR A LR N,

par@g:mnttlouﬁ ofcﬂald diing oglil@baihd. rFop ex e, b@ﬁt’aﬂdhﬁhvﬂﬁ%ﬂé or light

v# en ,or con‘gtes W th the 20 intact antibody f

VY HEP VeEPRIe fomatps dndt §%@F@F@aratbrtdﬁg§nmmmglngs” or

T@DRE’émt&spdl@éﬂiarﬁond GFa@lewoliOregiog" QRUFRE” LEALAg %rareﬂl
heavy,_or |ight chai n ,, bol ypeptide conpri sing peptide

| oops Thsern confmpation” Tgfes to gheqenyienystetuteaufpgrotein or
bl 18 86h asf RF eL1ATP) heet .and/ or
n??é zgct:lh ai n hdﬁssﬁlrrlfe i de bc:;lﬁ En mc’d?ra#hgmf &“"ﬁlu ??rﬁalp or region
Ft@feé’f r B ckgmplerths phrass “hebtr(st beavy) dhnin' Cﬂﬂfombﬂxcﬁx”,refbﬁi’c@ﬂle

uence. 25 va i 0
P Sk Aty SRR SR A Mt b
corsernation’™ or amhgmdyl fragmentivenfotrgatiohl” eeters to/ME itedtiar9 Btructure of an
‘é\ﬁtﬂ&hgfa}&? i ns.of various class nenbers in the

veélr ’B:Pg domai n. "Constant" dommi ns on the

| i ght Tiehiainn*‘peeifit bininzedf iDantbbdyEhehaRER AR a}iu@édy h@li
chai nﬂ) gg}%t ant regi ons "l'i ght "chai n constant

nigy for a pg@c angigen ¢m epitepesanidn goperallgodoss nettekhibit
ehigAic A1 cbes-fe'ﬁ&n‘i‘@a‘hy efnify ehmBodiBERL rtﬁg%l{n(rgggf exhébats 10 Cross-

|nterchangeably as "heavy Chal n constan
FRIERNHY (£ SxnRip opspat crngredaptswith nonoks per&@lemswm refrots or

dRABI itbpes ¥ A abA reagﬂ?lb{} &era{lo é.}{\g nﬁh%,rapeyptg an

referred to |
pigitp Afat least 13 110 Gna. nl(xfaM; (HtiIOéOMormiﬁnﬁles greh’tlsr than 10 M,

th
E%gé\;%? ﬁl’g?.tﬁr tglfme lérj earr? g?gret %'eége&a b{qgg?sdﬁ n%egizagg gf tggse set forth
hﬁ@a\@e asveintendeairtd dblwdthiregé sopé of tho BRYSAt SBhIbrVARAR a@plErred
gmﬁ% aﬁﬁm El gtggns or "VH' domains). The t term o
regré %’ﬁﬁn \i @8“’ &+ 2 range of affinifiess forgsamplent (fto 460 M,
preferdboyly0 tbad™ M mosy¥rtRRMEY @Hal 'ﬂo d’q@ra dntiBla rv%ﬁ “Héet%’not

porti on of heavy or [|ight aln o

xl'gtlu'[ %gﬁﬁgagﬁcre*s—rgamt Bene that wilnog bppe‘eqj@hhabm,d t@an
g’?ref lli)%ges&gf chl)eécargﬁlg:"%lsﬁng ?&5 gp:r ?%ghs . [)fpt egt)?g 1 %ep%fl?)g fer
erenDite A gntibledy thet specifficght binds to AB will appreciably bind AB but will not
significantly react with non-Ap proteins or peptides (for example, non-Ap proteins or
peptides included in plaques). An antibody specific for a particular epitope will, for
example, not significantly cross-react with remote or different epitopes on the same
protein or peptide. Specific binding can be determined according to any art-recognized
means for determining such binding. Preferably, specific binding is determined

according to Scatchard analysis and/or competitive binding assays.
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~and heavy chain variabl e domains include

"“conplenentarity determ ning regions” or "CDRs"

i nterspersed anong "framework regions" or "FRs", as
defined herein. The term"conformation"” refers to the
tertiary structure of a prote%p or 10 pol ypepti de,
such as, for exanple, an antibody, antibody chain,
donaln or region thereof. For exanple t he phrase

"I i ghOtHepthah EBieLifichat “blﬁ:ﬁ@ﬁ&faﬂﬁi}dﬂﬂm Ufoﬁfllﬁ'[?%r LitolRs, an

tructure of a light (or heav

tert

%P%%rcﬁv ﬁ% §F enfibodyis UPH@“BW# toshave gaghi Qf @fe pinding sites identical. A
f o

et bl @Jimneﬁona%w@dr s & Qgi!ﬁ%ﬂ hﬁ)% ﬁ%&g&ng two

refers to the tertiar ureo
fl}f@gqapéhqavyﬁgh@hﬁm phBs ﬂtbt\htoehffeféﬁtpiandlﬁg Sltebl Bdspét@ﬁc aftibadies

h|b| ppreC|abIe
E’%Beﬁﬂgéﬁc or a par ?lﬁ:rﬁ S&H? P%% %Ef D335 gr linking of
ljéﬁélagdnbt;ts Skzefor Bﬂimpie(,fﬂohgdiwléﬁ wnad‘hhﬁﬁﬁltam Exp Immunol

0 PR3 S COSON koleiny 4 G B AR B 198 o,
does ARt arftipes Sis he@flbculd (tfchr eﬂ@rﬁpl@l é”%ﬁ?ﬁ% id féf? eﬁ{de,\é%eéﬁde

go e or distant epitopes
B‘F hyral ophRl mglerye) qon ng ﬁumﬁxgempﬁbtemn@m tfhichiat y

eitivally bRdfHcallPiflds, 10" 7, 10-8, 10-9 M or 10"10 M
Afflnltle reater than 10"7 M preferably greater

t han Tie S enitopein aptigshiedemdnindal uefsrsitnh sitddrkinaing g@f to
WARRSN %ﬁﬁmﬁ?ﬁl&lﬂxhn%@ %ﬁ%d? fo% a%h urlléﬁg g’ &Irng fkgferogd;p ec1i[1]cally

t he scope O resent- rnven

* bindeli Fjtopts ¢an|ble)fomrwd both froml Ic@rﬂ‘[gﬁidusﬁﬁmﬂo bA806 hconti guous

nitjies for npl e 106to 10-10. M  preferabl
%I’{? aeigls Jrap byﬁﬁ? 1Ay fplding odigy nyoter. dEpitapesdermer finm
aotti ghaii}anﬁhmhmdshw%'pftﬁﬂy %ﬁlﬁéﬁm:péxﬁwoﬁﬁegf&' dehSHfiiie ollv)?nts

0SS react Y is one that will not apprecia
ﬁ’ﬁ‘ﬁ‘&asc Piigpes fa%%shyurt%ﬂ?}?@ faldina aye typinalle joshen tecatraent with
aadasingabiventDr 8h epifd pf izde), o F
exanpl g an anti b%d)?et é%émgg‘gdé‘??%F CPJIE?SKP§ ‘{ SU§’ 7f 0’9,2(1%’ 11, 12,

i 14 o5 3 5 peancaasidp iy i @amltconfotﬂnamm Mﬁh@nloff ﬂﬁt&lﬂilﬁl‘){lg
tldes for. ex
kGl co‘ﬁerﬁaﬂi‘&f‘of%glt e@irﬁ:‘lnﬂ% efg) exar é( O;a?/% %‘g’?’

non- AR proteins pepti
gimenpions) nyplewimagnetianesanander tSee,Ubad?xaﬁmild; Ep@op&M&mzr{o@’; otocols

MBI B S ALY NGSRT BR Gl ToTEL
SpeCI Tni addhioﬁdw thg aﬁt&JAmﬁuﬂ&h@J d'Bs&ﬁk‘d ABGRT Stha %n&ﬂé proteins

-rec ed neans for determ ning such bi'n

gAY Y Tptershi Thg foreps gntﬂpedje iongbtein’t et tahnmlgpdy
mlo‘ﬁc adreh a8 rANAlYSLS RN
assays. 15 O herpyt han * bi s°pae1g| fi'c or t%Bt?lbunoéi %%?ﬁgfo at

leashone grwprtitods proteimpertibo o pdypeatidd. rﬁ’umn Gggenbrally Bocefmplished
Bﬂ ihad Xnéﬁeeﬂﬂg 6f %E g&% ethOrﬂl?%v SiFH% Brot em. cﬁthcaal ndi n

es identica I Specl
axm‘qog}g fiysionipgoteims Enctuidt ithei call rdrcyhbr blmamg Ipb@ﬂﬁ ohﬂyérﬁﬁo&}wo
(including the Fc region) fused to all or a portion of another soluble or cellular biological
protein, for example a receptor (cellular or solible) or portion thereof, a cytokine or
portion thereof, an enzyme or portion thereof, etc. In particular, an antibody fusion
protein of the invention that can comprise the Fe region of an antibody fused to a non-

antibody protein portion or polypeptide that is capable of binding to Ap.
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different heavy/light chain pairs and two different

bi nding sites. Bispecific antibodies 5 can be produced
by a variety of nethods including fusion of hybridonmas
or linking of Fab" fragnments. See, for exanple,

Songsi vilai & Lachmann, Cin. p. linmunol.

79: 315- 321 (1990); Kbstelny e{ al., J. linnunol. 148,
1547-1553 (1992). An "antigen" is a nolecule (for

exanplie tedn FdBitdifg a%Bﬂt YR RBS lo3EmolB&Md hd8is ca able of binding to the
ar bohydrate, qr sma nol ecul e) containin

fqg’fj’é‘rﬂf an gihedy{g&rn Ig6 ankbedy) aTFPIUde, bitriob bmyted to, a
&ﬁﬁﬁéﬂlérﬁ %Htéﬁn binr}ﬁitsrec%tb‘? ob & 5) teﬁa[? LORG I&r&eneuhsutc% ag% eig, A or

determ nant” refers oaS| on an a
Bﬁ‘?tﬁlmrﬁmh@gllla@ﬂugh affimity fanthekfadygl()mof amnngmiy bi ndi ng

frag eof I plt pes can be
forne Cr&?ﬁ)ogo%??rﬁg? 'tﬁ%q’??g r%\%‘i’ aarg antibody, in
patioda thgl([Dﬂfbﬁ'nma]meglOn 3£ ihé eintdhad0s) 8l 1glPArkibadyY Although
{hnl]f oteln I;Jggé)gesf rmed from 15

8 relBteteo dnfhorBep g sl Biabw i e wruidiy o region s

8isRanydeie aﬂﬁﬁﬁﬁlﬁfr 86 HBhVARInS ac1d‘9&ﬁfu@@§r 2R b %%%:boxyl-
for med bytertlaryfoldlng are typi cal Fost on

terainpsein IChsavu@am@r i ng sol vent s. An epi t ope

typically includes at least 3, 4, 5-6, 7, 8, 9, 10,

11 12 13 14 or 15 amno acids in a unique spati al
t gpanny pnolapget IDeimislionf det erm ning spati al

2?32?2 o{}? %ﬁﬁ%’eaﬁhfd“’ ST e et ARARE e piade featone

faegsed astece Beich lsfsougm mh@mﬁeﬁmo&maﬁeruawmes Bgcq;re;eﬁ{ S

urceflut%s i n. Mol ecy ﬁ Bi ol 0 Vol G
rr Sq 1 an,(ffbg%a}npq © AGHEORS ut*o&s,twlvep\t(s‘gstems or

aqucbtxdstpAtic SheE detred BOsKRtions. Mehe b Ridh AQ JREL E%@x

i ncl ude antj body fusion proteins. The ternms "antib

R OpIodtHonR coniping ApY Bisikgical moieghies (sasheaspretoins,
btflodids, Hofthétiel, 4nf QEHQSE Sl ndeuids gso QL és%gltﬁ su hgltds etc.)

ant i body fused to at 25 | east one n-ant|
st gvien pargieulaig matient Wade a ppidab Spulr%% lgwiveafhidiggical ongm may begm

%&%ﬁggﬁ 013 %{rot g&%mﬁ\ c}%%%’ alsg f:on tglé ﬁ{ﬁalt%@)%olggﬂf P3sd d & earlier

qugxa@nn ptppﬁt scings 80ﬂ|\celnt,lpiec1phﬂ1me,leb(trﬁcﬁ1©ﬁ$)bm{ thbilikeli Eﬂamples of

nt i bod C the Fc re
PR i g 3B Vel ot MG apicasty 1 e
pmhﬁqaham bpiarions emhbdumem’s Eieprese in@hAPINGIude, 'HRE KB NOY limited
gq(”:ell ar _or_ so ﬁbl e)..or portjon thereof, a cytokine
PFP&F?“% g ddtioreagtores hormegenized ealk suspensinm mbasma,
phﬁnaﬁactmgtah@mlm an anti body fusion protein of the

i nventjon that can conprlse the Fe region of an
ant i boRR/ e sigkeet Bibstanpgsn or Fatgetmeiping on télrgqt apxtibod}é rref@rs herein

ROY BEDS Hre gl@ﬁl.ted 'PSSe if @ﬁ? é}?}te%s ? n gﬁtﬁo @ éhetshrgtbeipgnﬁed

term"Fe binding a ers
Gramethé soupde ligjuintli Fig tirgettshistance may be present in the source liquid as a

suspension or in solution.

The term “impurities” refers to materials in the source liquid that are different
from the target substance(s) and are desirably excluded from the final target substance
product(s). Typical impurities include nucleic acids, proteins (including intron-read-
through species, low molecular weight species and under disulfide bonded species),

peptides, endotoxins, viruses and small molecules.
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Fc region of an antibody (e.g., an 1gG antibody)
including, but not [imted to, a conplenent protein,
an Fc receptor or a bacterial-derived protein, such as
Protein A or Protein G that has high afflnlty for"
the Fc region of an antibody. 175 The term"Fe region
refers to a Ctermnal region'of an I1gG anti body, in
particular, the Cterm nal region of the heavy :
chai nts teﬂﬁ “Wpﬁdﬁcﬁ’an@ﬁﬁéﬁﬁfaxsueé‘#myﬁ bkl ﬂetﬁact or dlmﬁmsh
&gundarl es of the Fc region of gG heavy ¢
PYOROFHQHR Iﬂgﬁfapﬁuﬂﬂ‘cpfpt@@ @fribg m:j/elttgopl caI |y dgf2 |6 nteg ?ﬁ
spann LA FesS l%(s
cgr bogge%-e E{l er % %8%%1?{% E‘i@?t% > l?esa\f‘i/fe%ﬁ%P compjexes W Which
elogapreehiRehiches ngE'HE:I thid the d8sirtd §rétein B AR 8on. In

' h rs.to a liquid containin
o Voton BRURY ot BeFip i, efEutibn fostusbgesBaies aregrapesr han
phout 15@&kDf r om ot her substances al so present. Source
i qui can,, for mpl ¢, be aqueous sol utions,
org anir[ili © ey VIQth%lVé’? rre1ghy spegiss aﬁﬁFé%)@sﬂr@tF@a,rfoce?@mpiﬁe nt
&egﬁdﬁlﬁﬁ pRAuc) WHidhdiFe a HdfcRRHHERN WRLA gsleﬁ rtﬁan%é §lired

onpl ex. m xtures or solutions containi
B’I'O(t.ﬂl%@f tha nvegioac dn s cespiadlan autipdpitfor mampleaaﬁ i[gﬁ)ﬁhtﬁﬁdy, such

Hé%‘réﬁ&[l@ﬁpmams éggﬁé@ﬁ%}, ab&fﬁ%@)kﬁm ecul es (such as

sugars, |ipids, and even particul ate
mat t eAs usaliberin ﬂteyptrc%sbhéphase’aefdmua|adloﬂfaqb¢dh|s @gkré@dvith which

t
2 e e s A BuER B Bt e ning seemsem

.adhee?arSuuteble mlds;mparmate@m BicRIES, bati&B ndSlime nglass silica (¢ g,

like. EX Y
Eg)l eCI ta’lfﬁ%gl?“fiffade tgﬁ%y“o%’ggﬂcgﬁ%nr@%\}%%ﬁ:u@e o ang)gngggiscellulose
enghmb pm@ﬁmsay&m@qioeyab@linhee Mﬁl&bﬁ?&#ﬁﬁeﬁ%

i ments the present | nvention i not

&ﬂv}ﬁy gzeng BOPOAYI%?IF fushas &g s&amRle Ambefliteih raflm (ovmmetcmlly
AR GRMH Rén &qll:ias @]ﬁ\%ﬁ%@ﬁ%@ Nppifhéd r tp 'I?]ﬁ waledaﬂ}daée. can be

fractlons and m | e’term
qdafrg@gn}p@fdb@mupsmf résimgrogmimonhit debcmiged af effielts, 1bleéﬁh£hge

Al 3 ndi n roteins, e.
% o GorBiS rfingy The OISR Y, 1 Bablh Bihfialen ealign =
dqs@gmlguou'ﬂphaaea)f glstrewplaﬂichan o armmbbﬁnm thlél%fif THe s%ﬁcg phase can
in solution.
B e sf BbihoR SpuelBE St le Gomermastiin ot mebiameseide. In

Vargpus MbMem,&hedsoﬁiﬁ@hﬁatls a g&yxﬁgliﬂ(}lﬁiglg C(li ?{1 g%?sr? gaxﬂcle 0

d
Betf 0t S bafeiman B ki Phast vy e peted vt chast (nch as
T o e nRic o iR ndb S AR refl o ihiiieg kg ot phase.
4p&eibudingglid phase nerdomly pagecspa nlcbadsts}pﬂcaneass)omated ligand that

will permit Fc binding agent to adhere to the surface of the solid phase. Preferred solid
phase materials will be physically and chemically resilient to the conditions employed in
the purification process including pumping and cross-flow filtration, and temperatures,
pH, and other aspects of the liquids employed.

"Affinity ligand" refers to a moiety that binds selectively or preferentially to a
component of the source liquid through a specific interaction with a binding site of the
component. In the present invention, the affinity ligand (e.g., an Fc binding agent) is
typically immobilized to a solid phase such as a resin. Examples of affinity ligands that
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enEodinents the solid
-l

pepti des, endotoxins,.viruses and small nolecules. 17

The term "by-product” includes undesired products,

whi ch detract, or dimnish the proportion of

therapeutic protein of the invention. The term "high

nol ecul ar wei ght speci es” ref%rs to protein conpl exes

whi ch have a nol ecul ar meigﬂt which is greater than

the desired protein of the invention. In 5 the case

ofn terboand toraelyesin RppEKRTBde @Rorhst ' R §

ag%e%gt es are gr eglt)er mn about g%%%wk%%% séeﬂtfg[?trkﬁe Process
o Y/ PHSFIE dtyeationBriyfe, butase netdimitedfteRrotein Ay Ryvtein(s, anfl direir

| ®hi diatk I t ' e a.ml ecul ar
T Thich SHGAN DL to PR ER ol MBS Brfng iy
Hendpta whd spportireaterialeare fvet fmawn irbthel purificatios k8P e. g2 the

t . degradat i.on pro ts.are less
e i S\t AP B b rRioR Uil Semraehs Serie)
pmagéamejtsei&@cr(ﬁdtmr),_dﬂrmnm?mxgu&ﬁﬁny cmbn}{&tcté@et@ﬂgj Hé}bext@Schott,
U ange i acts during purification or to

\i/\\ﬁ#%libg eﬁﬁ%ﬁaflﬁﬁgbgfgent can adhere. Suitable solid
phase"Afihity tlabatoRfdphy fasind Ut "z&ﬁllﬁtﬁ@éin'l‘ e &4, éh?chéago graphy

| ass, silica (e.g., silica gel), polysacchari

eél.“gtﬁa}t CEmPUtS; s';lée]é‘%ah%sa er S¥hstratocyitls affinity digangia bowel tait surfaces.
cel | utigsexch QhERM "S- S acryl am de,.
nethylnetﬁ%%%?late,t%%ﬁ?%g%§£?§rgﬁg?a%ngﬁ%Fbé ?%H%FSdhd
sgpertyewhish sigcevelsnthohouns liggride thatwer b ipbefind dr@Spdtive charge,
LEORRRE & j . ohm & Haas .Chem cal . ,
O S B o B P A e 3B s Soluson wite

P o)

==

- whjcdhesign Exabangetysinis dohacgd.oups of . resins comonl y

descri S af;inLt,, i on exchange and ion capture

r esi nséa%gﬁ gxcs]? orEd eﬁﬂ%§§e@g‘i’l apion e?‘%?“é@(?ﬁ’ﬁl"éﬂl gpvalently bound

pegalifelg itrgu 1ehdiTind #1idf il SEORlBHGHToPAREE o yith cations in

di c%gteggagthclesh or a conbi nation thereof. “The

& SIS Wieh ihe 1hgin &y copiapistisAdyidpwaiisty efipstiomenchatgemesins

anRdnean idBe 60NRF 8&SIPN, ehddd whle: ' yaL L aus
R Rt whEACRTRY SRRl o] grofBl S;

FyMioesulanats. o emmercialiy avrilable cotion exebangrossitis imside, CMC-

tQRucke) g % C it h. 2, reagent . (such as
e s R R S
avrable fiom Rfarhegialr i ti es to the solid phase. 25 An Fe

bi ndi : ' 2 0 nly. possess a.chem stry or

an ase e olcafblddaies” it © o S5 EARR St v AUy bound

Ropefinielyt chargeh gromps, Guéted qauteinasmho ERApS Q’t&r&na!aﬁﬁf available
.efgﬂ%%g sol.id quﬁgﬁgaﬂ rials wll be physically

ana- c’hemg_g arty pelidq °f l?“’ﬁeTM&?d RéiFobephadesTbyed Fas Q

Bepthapse™Mf(theditied wPbEAE e A bl Py %H’%aﬁrlﬂgciﬂ.

cross;flow filtration and tenperatures, pH, and

ot herA54554 bemeiny fhegtern {chagivogis Sgglbuefﬁysem. a salt which comprises one or

more ionic components that are low in the lyotropic series that are able to penetrate

protein hydration shells and bind directly to their surfaces. This disrupts cohydrative

association, favoring protein solubilization. Examples of chaotropic salts include, but
are not limited to, halide salts of the Group II elements (e.g., calcium chloride,
magnesium chloride, barium chloride, calcium bromide, magnesium bromide, barium

bromide, calcium iodide, magnesium iodide, barium iodide).
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30 "Affinity ligand" refers to a noiety that binds

sel ectively or preferentially to a conponent of the
source liquid through a specific interaction with a

bi nding site of the conponent. In the present
invention, the affinity ligand (e.g., an Fc binding
agent) is typically imobilized to a solid phase such
as a resin. Exanples of affinity ligands that 18 can

be boBxdmbles bheithlfs divaRHRR!
;ﬁtngf@: by res) 05 e ke fat RicRl At e nog imitgto, salts of
n G cmskﬁa with thieeyanase (3G tpeﬂ:hIo@ate (C10y),
I?ﬁ@et €
STy AT, Sna BB D R BB of e of
bi ndi Agcetai inogdimenityy &I@dkvaﬂcmt sa)tidnd;aB U@ﬂplﬁées Hﬂh@feh@éaﬁon (eg.,

24 b ficatio .g., the
IEAGT AL WA T KTl ocaipin sl Braie i T rouitdmocesse
AD?DM@%IIN(G?E aet Caa). Afpgy Itlﬁ&tﬁhal&ﬁrchﬁ&} salt wadH ktep, the target protein

I : 1997; d Aff
g‘%@!ﬁg tgf)%é% }5")8@?{0%@8 {sp}a%nx Mar ggl Deklker yI\Iew

Yor k: Al%ffer” i biibBfahoe WHER THLA
ff| ni %%?lr esin" refers tomglc%?%%é%rgghﬂm %creaf’eﬁ the amount

ﬁ(fld Ehp3l hatsmyst sppdded ftheatiee writ chalbge mafte Mbltllffered solution
aéﬁdtsﬂtﬂaﬁgéslugﬁﬁ @? é&?&gﬂgn b8td doR- ﬁzﬁ% %g%axe coc:ﬂ)gﬂatgs (Buffered

exchange chroma phy resin
Selugens Torusg vty hl@logqu p@&gbnts arevgenez’allyac@able‘oﬂhﬁﬂﬂdmdng a constant

t. at i ve char ge,
S AR BB BH o e A S o

asegraibetonnt phyisipingidahpH” ifbreitd 08 pAl dffaanhaleh biddg (1 O 38.0r
i.s, contacted, "Cation exchan%e I‘eSI ns'

r4dytiopal irvdfer

ﬁﬁmlﬂ‘ag:atslmcﬂﬂlde biltareged Ilhﬁtg@fwérgaﬁi%%@’tﬁo?&nicrkﬂﬁs ags &{aﬁoases
tions f%feégséchange with cations in a solutron

PRORlapy R husedn pyfcatenel bl%lomcaﬂen@vlamﬂﬁt(y obromsam i on

encldtaRgrinlcadd ths zwitk ” r f or
t@gq%e wherein the gggllglgg 6&b§l}%\tgﬁgée§e§g %?0 & }?1966)

FRYTHPE64 ?ﬂ%ﬁp%ﬁrdtléawac(dﬁ@rﬂdetwdsﬁnaymn 242 Exemplary .

%%*f%’i eI ab0ma b 385 RS Mo, nEP P avorse.
E‘?%ml I y 20 avai | abl e from Phar naci a) .

h
ré\Ql B8 KR bt i - B Robiorami el binding

gragenissolié phdve as bqﬂnafoe louding B IOuRE BHRY coftHR il @l deY
&a?ﬂee u@ﬁ;'g%n gégg e_resins include DEAE

@ %I ul 05e™d rgég‘ﬁ @%th%ﬁ@nﬂégmn@lly has a pH in the

Segh &0 M § fohaBoit&! tTRE "o " OE

avail abl e from Pcl)wa:r naci a) Ii‘&ig g{,&fg&ugsgi gir:{é&ﬁ uy{oﬁdﬂieé??ﬁce

BHASPTEBIng thadb bindeearecinge. g asttAB amttlbohly Qﬁdﬁhﬁplﬁ@@s 816 the

96lid PHRSS0 WAREIHE P o
I yotﬂﬁgpl Vaer i Be %‘Eﬁﬂ?ﬁﬁgta%e& Bl 1%@&8@&#&% éhe equilibration and
loading buffers are the same. The "elution buffer” is used to elute the AB binding

protein from the immobilized Fc binding agent. Preferably the elution buffer has a low
pH and thereby disrupts interactions between the Fc binding agent and the protein of
interest. Preferably, the low pH elution buffer has a pH in the range from about 2 to
about 5, most preferably in the range from about 3 to about 4. Examples of buffers that
will control the pH within this range include glycine, phosphate, acetate, citrate and

ammonium buffers, as well as combinations of these. The preferred such buffers are



10

)

20

25

30

Fiafockyes Bt sy iRt A gromite dttaciaimo

protein hydration shells and bind directly to their
surfaces. This disrupts cohydrative association,
favoring protein solubilization. Exanples of
chaotropic salts include, but are not limted to,
hal i de salts of the Goup Il ements (e.g., calcium
chl oride, 30 nmagnesi um chl oride, barium chloride,
cal ci um brom de, magnesi um broni de, barium brom de,
cizhieiatidradetedt teffersTRGIREHre et P SUdiEn ciiafe! &%&&ﬂ'a@&?}te&ﬁ&ers
%n‘gllues of suitable djvalent cations salts inc
°r SlEon RRfars #e cerjemplated inqluding high pH buffezfe.g1, tiosekaving a
bto SufRa
D s mere) B e oo L BHRRE b eclumilibn seh apgac
fBF%lHﬁHwetherO}emaﬁmtemhbu nations thereof. In certain
enbodigrat " catian sa onprises. a
di val ent @tmd’ Yo ‘%SYl%luﬁn% ARYPF, Bepeat gfﬁ e&ﬁ gréfea% togheliquid used
Proafry aweyl ingihaiies ﬁpmahs &hbma{ogaphlﬁﬁsmno WARK\ERSUMIBKE target

S Cl2. After the
gIb\Q/tgﬁ%n tﬁ %rgt%f o I\/g ﬁflc@( l?eepemﬂﬁ:a %ﬁs&l@@fealbr 6€eMith the
aicogseite vastliquids }&fvfrﬂgﬂ/hf}yn ﬁéfﬁ&scﬁﬁlﬂﬁgbﬂ %ﬁ&dcﬁwtf‘ solvent

buffer" is a substance Its ‘presence 171

CPeeRTAgA #W@gg%wtdrﬁéoca% o remope a@‘mlgéwpea ok mhpuritiesithat
R 9bn-BFecAdRY adsOcifRY $8th WY éhr&gé)[g%%[’)}y}t . A buffered

solution 10 resists changes In p € action of its
aci d- Batondianjdigat duerpdieemeters iBudih r thel liquid et isansd to

algéocﬁ&qhg\‘ta}%}:t thﬁ aﬁgé ﬁ‘%ﬂ% eca‘Ge :&té%rar R ene al1{%§;&%€ ashed

mai ntal N ng a const an
with one erghoreyeash tiyeidp HTbé eluhm B«phdu hdt@f(b d1§obidat’é it tarket substance

l. e. ol ogi cal pH
B QO i sl By, TGk B DS areavel faoafy inghe
dbolmltograldl)y arf memﬁy Wﬁigﬁbﬂ@ﬂlﬁe@ﬂﬂn&ﬁ tﬁ@alfssﬁgé g%ds-or
itional buffer 15 co)lgtgonent s inclu

& tagent Febstaabe fom the
elebsistogiphPRSAS "EluEsS Bﬂiﬂdﬂ{o‘hs bféfér?{ 3%&,%55 éﬂ)ﬁ&ltloﬂs s imposed on the

purification of biological nolecu
AEeh Stbstaage-baynd Garematagraphy resisy ﬁh@nﬁxs@omte ﬂ@angét sBbsthree Srom

0 e as d
%g%g@;ﬂgla glr%\%g s‘?Iigﬁéh) Qﬂegﬁﬁ?fs ﬁg}g%{ a%s 7ougg

ehremptography tesitfvethsan ehutiondiguisior chman ibofferlto mdd&@le dueh TES,
ME@C JBbLEES, HEPES, MOPS, MOPSO, 20 TRICINE and BI CI NE.
eqwllbratlon buffer”™ herein is a buffer used to.

pr epal@eaning lmidiion d¢laag1mglﬁﬁgen“efer§lmr¢1ﬂ toPtHE §i§uid Mat RAksBd to

he so |ICUId contai ni ng the target
Rl P B o Biant Foebater B oot §.ghopatenian procees. The
clsatingliquidumdy caain aldgteRast, 8 virtd-
about qntlo a}t,)out : Ttl’?i;g% tI Ogdl niéﬁ%%\iaﬁ%grég'éﬁgsrfegﬁ%g high

%%’@8“%380%%(&&% én%@asf Bayedughier o lgwerapH dian itiregliquis uséBduring
ﬁﬁgﬁ??%‘ugg Qgﬁtbs{)&: 18 pgrpo%‘ifs ko dcdn@RidaRAY cnr&Asto graphy resin to
render it ready for reuse. Typ1cal cleaning liquids are well-known in the
chromatography art.

"Storage liquid" or "storage buffer" refers herein to the liquid in which the
chromatography resin is suspended between uses. Storage liquids, in addition to

buffering ions, may also contain microbicides or other preservatives. Such storage

liquids are well known in the chromatography art.
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solid phase to which the Fc binding agent is

i mobi lized. Oten, the equilibration and | oading
buffers are the sanme. The "elution buffer” is used to
elute the A(3 binding protein fromthe i mmobilized Fc
bi ndi ng agent. Preferably the elution buffer has a | ow
pH and thereby disrupts interdctions between the Fc

bi ndi ng agent and the protein of 30 interest.

Pr ef erdakipus dsp6otd, Qv grbbedl itd LDink e

range from absgut 2 tﬁg aboutrﬁg?@ér%gtgg%rg@%srafggﬁfl%g eAB

bading pireteim profseablygan mtiah® entibbdy,Frampsescoliqhid téBprising the
3l .‘l)A Sont rol the €H Wi tbhi n.this range include

é’ Ve AR Otlsi B S Fa P uniE by ydsorbmg the protel fp anfgkipdingegent,

tiolfvestl by washingthe Fa Sikidip gatwiens beffersBRE6n colMinine a divalent

preferyed such buffers are 20 citrate and acet at e

BRI 0 15BOYe pRcArdnorp IPusibies. il entisequeatly recovating e protein
FQ8 @t €c binlifn@lagent. Shi ki fi .
conte n’pf at ed D_iagf:nlt u (%l%ﬁeh}i%gﬂl’ilﬁ%@? %%e?’;sel ?élﬁ%eg Bgt are not dimited to,
REQisiR and BspeisfG.9 or nore) or buffers conprising a

conpo itlon such as z (2 .MV r. ..
COTPOURE Al RS LA S0 08 ML 2T L8
brsihs, b ifdrioular asti-Apechtibediey. FEx%Hp_lﬁﬁx%‘iﬁJ&ﬁB:?{n%cés@estiﬁ@ude an
Isr&gld used t%carr)f away. inpurities fromthe .
eHrRshegrRiasmphy sspn Theatfipity shrpmatosiantly sthe candregpentinuous,
ABSARBGR; oM oBnbilhR [NelTe gapl.oyed
sequent | aily, og_g. , %m'g?shbt%{\ﬁg& égﬁg&gﬁé?‘gﬁn ?gs?ﬁr g‘?lﬁmd’gymp
KaR PRPriPERA 25 divcoplinuoneBrosess suelsas) Fyr ezamplict batdht process.

' : at I G designed to di ssociate
o 2 e e g mionB P Mkorb g ey
nesovery ot fargsh bomypamd doiednathndbilizet ligareh @SB es 2R MYs for the

eSiNe L ution 1iquid” or."elution buffer” ref .
R periBe Bt et comanad ieqresebsreauires

tizer giizationhe ba aggofriatly EdletiehTigmal(0.g!, 86 B AR SoBntPhhigh will
bt has been washed wth one or nore wash Ii quids. The
[t 14r8et ermRpuad fesg. + Btih & awibody)eeentrally withetdissodiaionmonstant -

W i I O by g .eHJﬁt T S| Typjical elutio )

| qu?%ilgge gf’éwm_“él P %ﬁ%ﬂi}ﬁwﬁl Nt e‘%ﬁ‘g%h‘#%&r%"%gf%rb‘#}°nér fihe ligand

angengmally emebilizeghera bredadomt patdus netrid whiah iy b irete form of a
[l iy l 0as...or ot her substances that

Solbrl tiché GGl 2080RI ey

pronote Wﬁet substance fromthe
chr omét wefemphlyindieg agent fstrotbingtl Profdh Al bR thd Bf Rpidn bP
rocess .candigions,i nposed. on the target., . )
BB oo S FraEe BT S By e ohatbich birdepalidinds
twith High gfhitswaimn (G Ig®ihd I4E, sHWaIR Q6ia I@ﬁt}!zﬂ,rxgéibgmd
un

h as the cqontacting of the target substance-b
380t o BSH I Foge sty 4n human Fah TEYiqIBARmAEE as el

Qb o NgBYf Aein 4f8niy AEHASHSIRENA iR AA Y@ matrix so that these
regions are free to bind. One molecule of immobilized protein A can bind at least two
molecules of IgG. Native and recombinant versions of protein A share similar
specificity for the Fc region of IgG. Recombinant protein A (rProtein A) can be
engineered to include, for example, a C-terminal cysteine, and can be immobilized via

thioetser coupling to a solid phase matrix. Such coupling results in enhanced binding
capacity of the protein A.
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"Cleaning liquid" or "cleaning buffer” refers herein
to the liquid that is used to wash the chronmatography
resin after the conpletion of the purification
process. The cleaning liquid may contain a detergent,
a virus-inactivating agent, %%arelatively hi gh 25
concentrations of salts, and y have a hi gher or

| oner pH than the |iquids used during the

|tour i fAL altejntmivp bﬁﬁ&fg&gexyﬂiﬁ:x@t&ms grétsip:@isdﬁ%@ﬁgf R bfding
cnor ra resi.n 0 render | reaady or

Wﬂﬁ&’éﬁ a%{}%‘iy%gﬁ h‘&‘%’a}&%ﬁdgﬁ, &f7crnd dgGs, A el RvdanseilgGt and IgGs.

Rioteaat " | b " StORag
PO Yo efate AR BP furplefic an@nond 6296 Grgnd Tecs.

buffer" refers herein to t

Refosbinaatprashy C(@setainGs canisyragibected bt dwdetn thesiteimin-binding

[ QLU oy L . bufferi L Qns,. nmay.
SRR 0 e it Sl R ANk id B & on e e bt o
st or afyealterhatiya bitslingy apentis ProleiOArG.i Protdie AN senEhagaapY
s | [ ts,. t.h invention .
Al el KRS p BT ol o
@r &fien ghrleyfusion prijductAbdretod irbANOnpAhEYEnR Vb ERadMAY Ef]otein
rising the  protein and one or nore inpurities by
S48 Bomsiinny SerES ipliog fAmes EWEotsin i PRty Proten G. Protein
A Isaioes Y ayabicis PR&uCR, Bt BllcRfisdbRthe Maldbe rdbdlE e

sol ytion containing a divalent 5 cation sa
BioteibA s inpurities, and subsequently recovering

t he ' : t Jadi ent.. it abl C
bi na v Lt Qe O R oty Bl
Pirification of peinglopaberanenoClonalfigG pntisdits whovesubtlagtes have not been

. f ificat] f A(3_bindin
AEBHAS IRARRESE fbid o tC RN St Boeeeienn ey Bigein
31;«]@ albo ?Iﬁﬁé erI] v] ﬂfﬁsmiﬁﬂ} Bﬁﬂf%q@@s?ﬁrticﬁ%@fs?ﬁmlé fblg] pun'filcation of
cnronat o a . . . I Ni cnronmat ogr a ste
SRR T R BRes Ut TotciBiRes. VB HOR! BlsHBieneR Foom I, IeM
ot HurifeGenexX AL, (s&ee.@féﬂdEHnsaY(QBQPMLPBfO%HYLa%tﬁg%.)

can be perforned as a di'scont i nuous process, such
@&Vl@%bwﬁp@?sea%@pw mngelenals canjfare mstropgeafnitt oythephy
HEmEREPRESE ki i | QD, ande,.
subsequent gfgg%%é€$ﬁ%fb§&#g¥§g?g%%hg%u §° FFoRlgRon e al
(LPR®0/. Bickeham. gahdt323HUB . or ocess al l ows for the 15

hi ghl N efficient. i.f.ication of the. .

e gor SEREH nalionh bRl BT ohERE st G PP

whshad with prdoyalénatation sake keintidnte rdm@entipleicd. In fetiddiA0k B
ent ) whi wil.l . bind the target conpound (e.g.

B S P lagisgBle i piaHced 4 BOL AT OFBinant

ativel pedpression tdvknslagigecaabe Hindvell Qsih€a Bivalth dafion salt wash step.

pern1-t|n$pr covery under mild conditions. The |igand

i's geh¥8 gdeSg FhiRsdiresenidavesHon caaaptionlyiaclwismurifoatmnrsicps

s Eduenfay tRffimtyt dhPorhRb Py 28d divalent cation wash step. Subsequent

purification steps can include an ion exchange chromatography step and/or a

hydrophobic interaction chromatography (HIC) step. Subsequent chromato graphy steps
can be continuous, discontinuous (e.g., such as a batch process), or a combination of
both. Ion exchange chromatography separates molecules based on differences between
the overall charge of the proteins. The target protein must have a charge opposite that of
the functional group attached to the resin in order to bind. For example, antibodies,

which generally have an overall positive charge, will bind well to cation exchangers,
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20 col umm packi ng or batchw se adsorption nedium A
preferred binding agent is Protein A Protein A binds
the Fc region of inmunogl obulins. Protein A consists
of six regions, five of which bind 1gG It binds wth
high affinity to human 19gQ, £3gGZ and g4, as well as
nmouse 1 g&Ra, g&b and 19gG3.“"Protein A binds with
noderate affinity to human IgD, 1gM IgA and |IgE as

\m&h @htafenopatiety diafded fbftioRal afdup Bé’cahée&ﬁﬁ ShterBERInGS fhnic,
is imobilized to a natrix so that these regions

QF@H?&IB%“ fake plage wndsh lovhignis conditions. |Hlwisiis Bciwe@by)meremsmo
fheCidhic Rir&ibittdo tr&RS thd¥Bnic TRBEHAE S w cﬂagg’nﬁ]hl}a |I-i/of {f0d protein.

reconbi nant versi ons of gr oteln A share
éﬁ'&f?qs i exghange chiematagrapby rddivs of thegBargResfpudibingfotisolate them,

PSRl ) Sl ni B SR AR Rl o
pmwns | Hsmdphoba; gfsﬁn;ts ok ai&tlﬁefenﬂﬁhw{d Hl:lj'ﬁrdpﬁléla g&ﬁ}pg 6n BRASRimn.
[l X. S e ance i nd
gg‘%am ?pq’t ﬁ ar?lr%tfl |’?1%}f S“?Qger%ww’gll hipd 1o dhe %“IEW nﬁhqﬁlc step

agaoves, for éXanipli, hosBeel Piepived mySaritie CJDIfJAQmH etfhel1
h high affinity pirices RaECT I gG Egha‘éalow

bi ndi
é‘liPES“IP elgégprxﬂé‘llqt-r%léteﬁwﬁ@ﬂ Jarthenirifigaion StePs gansnciud}: virus
g@g WeﬁtaQ uﬁ‘lfaﬁltﬁh&}{ aﬁcﬂgr d'féﬁm'&mln%% aa%ﬁegmggfherem

I g&x2, . Reconbi nant prot
(rPr oi[IéY‘WG)lS @abpde@eréﬁghqﬁcerﬁ@@nwontammowmes an antibody or an

m&%&ﬂ tF”‘!réglthg'll n con %lﬁn@g gésll'—t\é%%%gﬁ%%ﬁo‘rcg&%ﬁ%

' ,hmdgng agenta fThe gseoofiilok blgffeagcduﬂlon ®nt%lirﬁﬁgéa divAles caftbr0da®ith wash

i nee rotein that conbi nes
ﬁéwec%é bﬁ@%?%%‘%ng prsg%/l g,rgag JFmBBaﬁ Rt %FQ?F@F% suchasfoppxsmple
@adtthrough varipatsentl dariseint f&g@d%@htaﬁlﬁfgrﬂcrﬁﬁn{s RBhuding LMW and
fn@%ﬁ)at ho en%t?’ﬁf orm o{ Bacillus, Protein G cont ai ns

Rege GOl At TEeTest (rd-Phe assch sukstance ip fhe sprrsmliquid).

Pr ot eThe faethBEOé RhéprbntinGertfon¥8in
Pr ot e] neA but. ot h%rr vvlnsé1 has nt epgged‘fﬂté|°g§‘%g{%‘g§%‘?‘8%saph‘°

SFPargH0B SisPHaN if Addition ENEOEIPASEYIS dyinrys filtration Stepsfomseparating

:;?8?? fl?i}gcg%@gz%%ﬁ% ¢ ‘Bi'?ertar'g?ttﬂ @t%%nyr m)tngbl %ﬁgga[ ﬁo&rce liquid.

ant i b&ai Qmmpteoﬂle semrbc:h@ﬁd;nmyiba‘ﬁﬁeﬂ’e@tceb@ﬁiged deseriged.
gMand (to a

to. | E
pRReBR o By arfey e it e iaPoniseines o e tiuid
aiith th@Ecsblnﬂlg@ag@bCF@&iaﬁple, Wil re€mhiidny teBHifiRB R0t RS ganbe
gurl ficatio dﬁn%use monocl onal anti bodi es from I gG

S S L e Ly qrseiptpd directly to grecbulture
Iiﬁwdilﬁhe Eﬁ{ebﬂfbt%intiy oﬁuceﬁ%ﬁﬁae@lhﬂaﬂy e ﬁﬁlate(d]egﬁg Lit e lost

ech. Lab 7, | ndi vi dual” su asses 0
ﬁ%‘ H¥sd Fasmegs, wam/ wmoved fefexample buqeyuffmgaubﬂner

ultrafiltration. Where the protein is secreted into the medium, the recombinant host cells
can be separated from the cell culture medium, for example, by tangential flow filtration.
In various embodiments, the source liquid containing the target protein is
contacted with an Fc binding agent (preferably immobilized on a solid phase and
equilibrated with a suitable buffer) such that the target protein adsorbs to the Fc binding
agent (e.g., an immobilized Fc binding agent). The source liquid is contacted with the
Fc binding agent (e.g., an immobilized Fc binding agent) in a loading buffer which may

be the same as the equilibration buffer. As the impurity-containing source liquid flows
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chinmeric Protein A/Gthan to either Protein A or
Protein G (See e.g., Eliasson et al. 20 (1988) J.

Bi ol . Chem 263, 4323-4327.) In the present invention,
the i mmobilized Fc binding agent (e.g., Protein A) is
washed with a divalent cation salt solution to renove
inpurities. In particular, i t?has been discovered
that undesirable inpurities produced as a result of

fecuiihaiia phmt hb e Yet PXAEIR IS4 RBHLEC RNOFOBINES g%BLy aﬁ%
repoved usin gl val ent cation salt wash step

TELHS A8 °bFR B“sfé%?thoﬁtrﬁ?g PEQtERS. ddsreghe tacﬁﬁéptoyem is produced
af f t.
chphf{)eﬁa&tﬁ%@%g glf)!;c(‘cgltln fiR a §ess %H{I?e?ﬂﬁ%lgﬁ#sg {léwethrouglll D i

soispeciically to thasplid phase. Oh mepssenﬁm&mmmd tidFcaiindifagent is

PRI AERCR AR AR LR 0l ol SLSMARLE75. o
stitablreesuidjbrapiny befferp incluziafobexaa iy, BISIHERES] e&C AFsHyoRb5cal
as a pr Qcess), oOfr a conblnatlon of

kiAo S B OB PubF EDRy et ABL0.S mM and

nhﬂwcwxbmmtwgsemxﬁm do &iNer NGRS e té‘iﬁ% s1&1B§1c91Vs%fta' '
char r ot ei ns. The tar et yeln nmust have a

CPr4e %at’BB?){f ot} HM NG, @QI%PH @‘ﬁm 5.¢08up attached

to t hehd &%id hhd%

anti bodi es, P l fg‘ég?}tgfgmga%e 5 eé aﬁebg%%eglblead od a{nde for

EREpbilizingthe Fcﬂ:mfhngmgem tlo vereusembestintratsgthe soluﬂﬁl is eduteiwith
n Yio | onal .aro Becau

B A B bRl e B ShRipcp o B Sotumn.

imvasious ewmbodiments,dlonti binding agdﬂt nstHrotmm As 'aﬁdnrnqvmtehyA

Shigl stren tht pthelonlc
Sﬁ@ea?"gct. oﬁtlgl (ng %‘ﬁ iR eFFéafy ralAé{l@ﬁ
WBhescieaces) i0an exadipianer SEKIERIREh s'?\pd'b}'urﬁ@fok 8% iBhd ﬁstured
ch%@ggﬁ of proteins to isolate them 5 hydrophobic

BSn chr omat ography uses the hydrophobic
pr opeThé BSbifling apant isth& WisAsd WHM draRbRp! \Nﬁstg{?%ffbﬁ cgﬂtammg a
the protein bi nd to hydrophilic groups on the colu
PHaleRLEoR fit g 5%%ve@rate1@r\@n@¢tﬁp¢oses boed ’fsttheasm(ljldlphaste or Fe
WirdingiBd of [eIPy
exan‘pgbilég hﬁ&gglé} g%egghﬁcwﬁﬁdﬁ ﬁaggh CE G agﬁk}ﬁm on salt
ﬁ%?tem¢agﬁelaﬁtﬁ 3 gnifieanit @u;lulllIIiIOf um:leglk'dblemr@dnﬁés rSpkéifiedlly, it has

PO et e B RS P il el s ano

dndﬁndhmxtfai‘elbeﬁdesltveﬁsms afan@SCAD BebolP R B3 rembTediRfrgQUvalent
enbodi rent s, the Fc regi on contai rotein is an
SAITPEORY AT MAreouT HbER MeePB G RSN halsp nan beresoved

fsig g d‘i\*h?ént Bitiod Salt Rad) HGaki RS %Hltogalm%rltstthg df%glentbéaﬂgﬁ 88 in

agent, The use of the buffer solution containi
&hWSh selugen ¢apfpinsg chaetwopigsall. Exmmpleofsuitatle gha@gepnb salts

Bhch oot 08 60 1o TN AL Bl (BRI iG% B AFc,{ o

exanpl e, 15 rea fough varian
Swrsnesun eljofidee(@fgfiit)s Whileh sidglagiviaMV @iridh salt can be present in the

wash solution, in various embodiments, two or more divalent cation salts can be used.

In various embodiments, wash solutions in addition to the divalent cation salt
containing wash solution are used to remove impurities. For example, in various
embodiments a 20 to 50 mM Tris, 0.75 to 2.0 M NaCl, PH 5.0-9.0 solution, and/or a 10
mM Tris, pH 7.5 solution are used to wash the Fc binding agent prior to, after, or both
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UDB species), of the protein of interest (e.g., the
target substance in the source liquid). The nethods

of the present invention conprise one or nore

chr omat ogr aphi ¢ separation steps and in addition can
conpri se one or nore filtrath%n steps for separating

an A(3 binding protein ("the Target protein") from
inmpurities in a source liquid. 20 For exanple, the

€iuF ©emi hfiet] Wadkp Hesbihdih {
g’t her W se pr oéggggsed to érgér}cgegltggi}t(wﬁ#gggﬂo y rtcosmmmtﬁlg wash
SHEL ke before contacting the source liquid wth the
Fe bi SE8HY, :
Fochny o mud AR, (N ETeR col 284 FRRFICR R 29 .
icanaentsativa bﬁmeas Ahaut Q{ﬁd‘dand aihrous EJS )] t@ﬁi pHI buﬁ@iekl)éolhﬁérphavmg a

r ot ei r oduced
ﬁ’pﬁn I ac e%ﬁ? “?Eléo PE ? @GE Rrefery Blalp L indhg 19Bge feyg @bout 7
2<5ahnat 8. Smeerﬂegl Sﬁd:eﬁttﬁ@ﬁEﬂittﬁe d&aRnlRtbE 5'&?13’1§?lgludéC Blit are not

?lﬁja b Ot’0 e&% ? § T\i ‘{%? 3;& g‘f’r?gfetbh‘gfle’tﬁrég{ 'ilbql*FfPrU?I;ﬁ)lég {1]10111\(/1\2 Dt are not

lietedts, Tas br fetke Kiffeksin a%ﬂceheaﬁcﬁ%ﬁ%% %6 A the cell
cul ture medi um for exanpl e, by tangentia ow

£i |t r Beleyying thevashipg sigr(sk fisdenzatamotein is hesovaerd frem Ithdqﬁu d
Gaidir gk g Thidgs ﬁ&fxﬂﬂr cﬁ'{l&te& 'uﬁn%ﬁ rs&%i ae‘“iﬁt?on bugite]i' O’ﬁ%ﬁ%@%t

blndlng agent (preferab I'Zed on & %
BFRiein oAty ek axbplast hecklwted fIOJa thagcthatmh esibgifif ﬁﬁt)orﬁbiﬁ'fér hi\%ﬁg a low

PR SARL ALY Ml 4 SR e 2T o

'Qﬁq9humﬂ§500ntacted mﬁth the FC bi ndi ng agent (e.g.,

whi ch P %F%Wereér?ab be foamulageg in a
phamammﬁbally)&cﬁeptﬁb@d éhh‘ﬂikﬁ aﬁ@%e@%rl Vgl aib bR gh%rapeu‘uc or other

thr oI|d phase the target protein
%Fg%H‘Féuﬁh%oﬁelﬁﬁndlng agent and various ot her

an i iz Fe b|n n a | oadi ng buffer
”ﬂbean soé:n Gﬂi’

. I NPUT fri VagiSud SkisddiAchtd) 9sd eh‘ft@él {aré% Plofid!

tar?et protein is produced in a recoﬁ%?naﬁ?lh%g?sumeamim
@dqifonapurgfication Hiensediesthe Be bindingiagpntchtanesgraphy step. For

Ly, to t i
ShRHAIE it Bl B S 08 BB bR it 8 i g mions
sx¢hangeeihromigto graghyt frdior gridHah gy dﬁcbrﬁa[to@’d;ﬁlfﬁhycﬁ@ﬁhoﬁi% iReraBlbn

Slsricarabty UiCh Avan B oot e, soniy

PEPES{ogeipby (incltdiphimmobiligidandtal 2RISR RRShy), Bk exclus1on
exan tration in the range between abdut
PR B () o mpivi b greginiane, pnc provygtation, reverse

h k
A T T AR AR i

%&? 3tign. pﬁa‘?@“’?%e%t?‘@fré?lﬁ% e F&rbl%@w zgset (heorgatperSsintsaapas e)
psiRAke@ 'b?f glﬁ‘ﬁﬁlbﬂ lafchfa.ﬁ)&'e chgﬂlﬂir%%réﬂ § atl-ﬁ sl:e %9%{92{? od

agent . vari ous embo e co
Wnbﬁdlmgntﬁ éhg@ﬁpmatgg@ph)asefglaymﬁrthér foli@vm@r ARl filtkation step,

Bf GG R ﬁlﬁﬁ&‘aﬁbx‘{ st%gj,h e('i grr}ncl:g'o 131 ctorl]l’cean"i:lr(l)ant trH]tratlon step. In

various embodiments, these additional purification steps may be conducted prior to the

Fc binding agent chromatography step.
In various embodiments, methods for purification of an AB binding protein,
preferably an anti-Ap antibody, begin with adsorhing the target protein to an Fc binding

agent comprising Protein A immobilized on a solid phase, followed by washing the Fc
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In various enbodi nents, the Fe binding agent is
Protein A\ The rnp Protein A SepharoseTM Fast Fl ow
(FF) columm, commercially available from Anersham 15
Bi osci ences, is an exanple of a suitable Protein A
colum for use in the featur% nmet hodol ogi es. The Fc
bi ndi ng agent is then washed Wwth a buffered wash
solution containing a divalent cation salt to renove

pihding Iaglen‘t' afitharfufEpamitRe chfbRthd @dlbm@nt%%drﬂsgﬁ RE RGOk 85& or

bi nding .agent, |n particular, it has been di scovere
Rt lmthrEtl??s andyubspauenfly|reaqyering the Aroiein froptheBmteis Adp produce

£ 8kt ERBRYBoR Signi ficant ampbunt of undesirable
impuritiés. Specifically, it has been discovered that
i nt r ol vasies enpirodingdnts, theiparifisationgwooesd @atias Wik sghjbcting the

A b 0B 1D g b o er s 5, o g Apepionchange
weaini Wlt‘h thefitst elusi. poM}Iuelothef mﬂ‘mﬂﬁbs &Rbib th HHRtr&din) SvHilEER) target
gﬁp doe OtS%ﬁCrsg F}% usi ng the dival ent cation

& fOt F9500 4p s ey Eh the Freet Proten gan ke eeRvered fiognthe
Het thrcﬁthED 1dQudkRsdacdialelichtQsb ot OBt PSS @n l?aaﬁﬁ)én:'tsgﬁi Cagjon

t. Exanples of suitable chaotropic s
arige SRR IQETERY SEPP e her sprapTines Bshong We aica & ymee resin with

b
ety ot Sl RS SH MDA Al e

Phieh &ould then brecomppingd vsigh tbc pesand elnentaoblo wﬂteﬁtﬁhody,rtn@ fifst
I goly salis can.be u
EEhe Db Tk o Hob o wiffahd Slbrr & ehnet Bir S atifes iy Dot e
@ntxbatl:emsod)m allowingpdrty 1marmtms nd Aowithiguigsptically fiRWeabe
Vi u For exanple, in various

d‘%agrr‘éln?%%%% 5’%%“??@/? is, 0.75t0 2.0 MNad, pH
5 0- 9InGrafiohs dohsydim éfs) ﬂ&rpuﬂﬁae&on%c&é contimids %mﬁ subjecting the
solqg on arg_ %ﬁa to_ wash the Fc bi ndi ng agent Hlor

gecond eluent po Ry 28s01ing he target prejeiafe @hyd:rmmcngteﬁemn

: Eﬁsﬁhctb B0 a 88IRTbhadd Rldctidalist \Atna R ardpAbbiQ 'ﬁgﬁﬂ%jé Wgﬁ—ﬂﬁ n' ng

solution. In various enbodi nents

BT aR oA St bt thsh bolationeii anioriaomh which

E%Itstﬁ{tgf%r? g havi 1% ey Bie Mg wg? ! ?R‘P‘#{eﬁ}i g%cg geangz.h;?g%&rogq gyp"’aﬂy
Biegan guthmbjlfbr erﬁtlaraa!ujnyc srepgth ilow b]lit&lgh wm&br’tﬂéﬁlaﬁé@%teﬁ
%g?ﬁg% holg{?c &l Et?cgrbr%%om Co(ligt th,g%l Ie ulre]{sltrﬁ%z)]e eegge{u\égllgetﬁf second

gluent Ipfbalnda}@iﬁcoh‘tacﬁd wtithlthec TIQIEdT@0 irf Qlch b Wa§ YIRS et protein
limted to, Tris or acetate

R P s o nt fhe - Brpeh trecsprateim st e dgn paalng

t he viashtiog Ghie@d{Bonts, tﬁé@mhﬁéﬂﬁh RicRisGhdludes o{if&%@r@%‘i{&aﬁom
fron@he Fe 10 blndlngaent IS IS norma

EYFTRRIE-1R T%H%V[?Wﬂf&ﬁﬂséomqmlﬂrﬁ@rané bufferrthe s‘bh@on @&oufeining the

target protein, and to remove microbial contaminants.

In various embodiments, the present invention provides methods for the
purification of an AP binding protein, preferably an anti-Ap antibody, from a source
liquid comprising the protein and one or more impurities where the impurities comprise
one or more IRT variants. In one embodiment, the methods provide for about a 2 to
about a 20 fold reduction in IRT variant levels from those in the source liquid.
Preferably, IRT variant levels are reduced by at least 5 fold, and more preferably IRT

variant levels are reduced by at least 10 fold. For example, in a source liquid (starting



10

15

20

25

30

| esting Sad

protein can, for exanple, be eluted fromthe col um
using an elution buffer having a low pH e.g., in the
range from about 2 to about 6.5, and preferably in the
range fromabout .2.5 to about 3.5. In various

enbodi nents, the target prot e_j[7n thus recovered can be
formulated in a 15 pharnmacedtically acceptabl e
carrier and-used for various diagnostic, therapeutic

sammle)tewingabex 3k3%6 IR baatibody6/arismd @6 BlpeSentddd of 8thiRPScies in the
enbo LQ@S#@ the el uted target Broteln preparation can
B%’I%%Eﬂ PiB SREPodY AT SPrstessan b redueed malaonea teitloant 0.5 %.
ihearfo@s Brhbekinenta IR Mtvafi b QPR QLSRN ef b ¢ Ress FERE 1.%, less &han
xanpl exeqplary further purification steps iefu e,

g@% é‘isg thap 0-3 Tordessethan &3 Ya s than®. 2% g dess than 0.1 %.
. i { , .
ﬁ%&%&,&g %{ﬁcﬁ@o&x‘ ot sgﬁ&gg ir:}gl%g tf(%g.ﬁeg]gr% 2 {q?]gtl,% protein, IRT

dr op eraction ( _ )1
MgrAnEeyarsduéerdo:d bes dirmt 10%/ Rghtian 0834, )ess Shan @S YoNieks/than 0.3 %,

g I.ngl udiong inmmobilized netal affinity
TRt SR 20 3y Ll 0 b P Brentedi it iy teseeps
dgmwodni um sul phate precipitation, ethanol
precipitation, reverse phase HPLC (RP-HPLC),
chr ot GPERLERIASImENts, therresepbiny gsion groyides methofinfor thend
&iificdBioh bf 4" A8 bRBing lprot¥al ﬁr@fé?abwmpgfﬁ@@ Euﬁboé\ggr €a sonrce
i ndi ng agent chromat ography step is ol 1o y an
Lawid ROBRBTARG e Prtiein red oupraaphre smphriiektivBers thegimplities comprise

A s SR LI B 5 AP O AR L 221

abaut af2D Kfald atductivcin AM W vasitiidevesd @gim tidRelinahsRourRigald.

t i filtration step. In varjious enbodi nents,
PRACBL RN hanl Btor? o 2ecbPenprloudret 10 ol Borriovesily
PMWivatiant idvels 230refeeelibpdi Resta0 sl FM'&H&PE% | Mrcé?jaﬁ)id
In various enbodi ments, nethods for purification of "an

"R H %ﬁYlBs ahayt 3-55p EMOY aptigodyivanants (an¢ Berasttagsadyqtal -
B;%ie_@ inMhe BO@Q@I%‘EH)'TM WI. Vehtib 8PP aRf s%%&ésrha%% ?e'giu!:: {4 to about 0.3
bi ndi ng__agent conprising Protern A inmo T 1zed on &
o1hoyt hhds gln VRB Py disyentsa M W yatisng specied 6re reduned tug less than

5 M LD D P

cation sa
8B e Gurterably, in drepreificatipntdie spurog Hiuid foraia griRrdNo8 o€ b Brofein,

AR R Fedhil il B 1 O T B 08 Yoot o s o

§315je glessithap (.18, abd/br lesstthal 08P asRORrcchR @bl 911 SHEGEARIRe
chr omat égraphy by contacting an ani on exchangé resin

0
TR TS 1 i st el uent pool such that inpurities adsorb
to thm \Fa@iSﬁﬁemMﬁrhﬁltsI,tﬁ%ﬁr@sreﬁﬁhvenﬁﬁﬁbﬁ}vmegﬁgﬁoﬁlsoforthg

e

adsorb to the resin. Thus, the target protern can
pusidsptirpaf auARpindmg protein, preferably an anti-AP antibody, from a source

liquid comprising the protein and one or more impurities where the impurities comprise
one or more UDB variants. In one embodiment, the methods provide for about a 2 to
about a 20 fold reduction in UDB variant levels from those in the source liquid.
Preferably, UDB variant levels are reduced by at least 5 fold, and more preferably UDB
variant levels are reduced by at least 10 fold.

For example, in a source liquid (starting sample) having about 20% UDB
antibody variants (as a percentage of total species in the source liquid) UDB antibody

variant species can be reduced to about 10% to about 2%. In various embodiments,
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flow through to produce a second eluent pool. In

vari ous enbodi nents, the anion exchange

chr omat ogr aphy step further conprises washing the

ani on exchange resin with 10 a buffered wash sol ution
to recover at least a portiogmof t he adsorbed target
protein, which would then be“conbined with the second
el uent pool. Alternatively, the first eluent pool nay

U@B:miaﬁtcﬁpedeslhlré fedtided t&1ERMAIRNGE tHaﬁ%% 1eds FHE 10, Tess
,antibody adsorbs, allow ng any

ﬁﬁ%a/‘i’ ?‘1‘3% ap 8/°f ProES Aol Yo h Predesebliprin theypurificationed alsgurce liquid

RASHRY (6pRdfon OF Hbfo@egn t[ﬁ’!ﬁ% 3OS (2! d%ss té%n 20% Ness than

vari ous enbodi nents, purttication
L%t esstban 1%, Hess tisné6s, ilosg than %, seteemﬁa:el%ei@b pRfBhtageof total

gﬂegep;h@gmrr@l ;dhe target protein to a hydrophobic
I'nt er acti on In (e.g., a solid phaseflvvctlonallzed

with Msd,rfopmmmb ixi agmud:e)h,qui&a(sthrtiﬁg shriigle) WA RPBeR 305% UDB
mtb%ractlo resme%\éﬁc ?&gffered wash solution wth

Hb0AY, Varianis (a5 R ReesRiAgs AT tofd sRecles in W paurer-iquad) YDRB putibedy
vdreant spegies capbe riubed RRAEOWBCPAbLRD), 5 Qe th 3% e&%gélﬁieﬂts
wl caII .20 using an elution buffer with an 10

Se%ﬁ%{?&lﬁce@do dessshap & %eleGSethge@ 81@: bb‘fenhan @ 6 (%nless
thae 013y fl@ﬁh@akﬁl b o) el
pool . Alter nat({:%/éﬁ%ﬂ/?xﬁ%ésgﬂ&)(ﬁg % ePrgfg% poo ﬁ%gon ofa

sQ¥Rtediquishionthe preparation of aprbieim UDB mhtsarm;ludehad 1ésB€han 1
t/oa[&ggﬁlaﬁ)b@to [ 0 0, HECQVEr

Iow t hr oug/ﬁ ths gﬁ%gltebs %?bgeégﬁ&ggea/"’tlﬁﬁs (H]g‘h cg?deSSﬂF*ﬁ‘Ol
%aﬁslacmsceemcﬁtmhtpsmei mghgsourdeiligaidi. on process i ncl udes
one or nore filtration 25 steps, for exanple, to
renmove viruses, concentrate and buffer the sol ution

: mm:wtduhﬁror dselif HarBtaid, Méﬂ%to?ghré ? me)r?ﬁosn

m crobial contam nants. I'n various enb
pr esehie 4B b@ﬁiﬂg@mtﬁﬂ%wgd agi-fiftantitsiidsoto be Ipanﬁed accordm0 to the

f t bl
BN oR 8 L Qg B Bt A Golfun i’ Shibaretell”
establighatin the aamd umadaldrar fommplémmthéﬂceé‘chﬂlalﬁése(sﬁdh%s

it Speonm e 30, one or nore |RT variants.
%eﬁgé“q{é‘r’%%‘bt RHBRESS ﬁ@emeﬁwg%&w ceelbfnaﬁoraﬁﬁafseaecbmaee@ or -
mbypbe isala®d Foot sh mdg@fou@gburda of R pY@Einanf varue leﬁbé&fﬁ@?ns the
1]IE\QP&|nth{f,'eosour eI| Preferably, IRT variant
8% %y é&’ﬁ?&éﬁ °Pé1a9§41 %lyfrsenaratignop monaslonal antibody,
Preebebmbht)antiol ,é/é]:ﬁm@ﬁé al al.l.east
10 _f Id For egg]kr}g |nt§8§(’)§r cegfﬁ&ﬂ%ﬁgﬁgd é’r g 127

aproslu@%uqfemmmebowembe@ﬁmc(mova In
@cﬁéﬁe%ﬁﬁc?agﬁenﬁ’sf e APDinGRE Blofdin bah BNIS n B Fhsion S Thnad <

anti body varrant 'speci &§ can

ccunxa'bemn tibody Fc region firsedtosa }ﬁﬁ“ﬁ@ﬂd:ﬁ'ﬁ%ﬁét@m dr BEIyEé}J’tid@ 'Eﬁat is

610 e? ar.e reggcgd to; less than 1 % | ess
P8BS o Prpperatipnaicantipody fasion proteinsds alshdasciihed
ﬁéuha;ngymf_ less than 0.1 %

3:

Polvclonal Antibodies

Polyclonal antibodies can be prepared by immunizing a suitable subject with an
immunogen. The antibody titer in the immunized subject can be monitored over time by

standard techniques, such as with an enzyme linked immunosorbent assay (ELISA)
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5 Preferably, in the purification of a source liquid

for the preparation of a protein, IRT variants are
reduced to: less than 1 % less than 0.8 % |ess than

0.5 % less than 0.3 % less than 0.2 % and/or |ess
than 0.1 % as a percentage of_total species in the

source |liquid. In various endodi nments, the present

i nvention provides nmethods for the 10 purification of

anind RnbiohitzADaRECikeh. 1PEGE lectESai -

ant iébody, frofﬂ_%g sogrce %F%E’. é%I&%??El})%egcﬁ%%guﬁe&agwstthe
AH8etSRUEScanbs isolaipg dom the snamtred] ¢for meripipfrdnt thedlood) and

' L.ants. .l.n opne, enbodi nent,
ey R oMU s Bpogh 4 o ppiraphy
rtealfeiniterantihod i easpintIsGefradtionS A0 ah bfa6Kdtdtihb Bfter

-1 OH] Preferably, LMVvariant | evels are )
I 4t i€ HoR o S lach o e highest gativods-
Iphadtviag celisteah by ebtsined fomekiia@ibcbihdalsed RASLpaldm ﬁ?c!cgjonal
FRLn Sk | e dd: By Source I |qtgl| d_ (starting sanple _
Ravi n Sigpdazd teeh Waﬁﬁ‘fﬂi‘% §h§&1§i40afrﬁtschpme griginally described
DA SEEMUoin7) 995) NGRPEDSR4091437) PocB AU oy U )1 o MY

?nti bodi/ vari ant species can be réduced 1o abo
Bruput276038-49; Braynad ai. oii88® b Bidi. rthetns 253:40R0V83; Vah et al.
PG BRocaN S LA GRE Q76108834 N Y0 ! ha .
g. 8% [ess than o%g&é%’a %Géz??tﬁrl}’a%ﬁ&(%‘ G @32) i"ﬁﬁcﬁ’f‘@
(?4?25%-&513 rEor Ewprepacation Of chithei6 pdlyebm attibpdics ket Beechier ef al,
R I, b source liquid for the preparation of
a %r%{téé?ﬁk%i%\%ari ants are reduced to: less than 1
% less than 0.8 % less than 0.5 % less than 0.3 %
MewchbhdnnGbddiésy and/or |ess than 0.1 %as a
percen&tgagﬁ%of t ot aLl sgeci es in the source liquid. In
var i oftdY BhHs Ba Kl knewa proteselsised foy Axsinedmphasyies esd

il tnofialized 0611 Lk cabbdapplifd ﬁﬁﬂAegﬂants? gg%péaapjﬁggmgoc ona

an anti - ma sou

protein, preferabl
PP%lﬂdM (ReBript $xemmple, Bnoalfiest eh (l9TRNNemE: 266:55052 Gefter et al.

[ id EbIES ML I REL 4 .QfpyIS€..  pne or nore
DR ESR R e LRG) TUEY B Hlege Bt opanet
Maroglgrnlingbadigsocitedisapra). aMatkofer, thefosdinenily sitllédwbiRB will

] hose in the s ce .liquid.
eV R R L s e B TR T
Tybighldy, ﬂarimnim:abcen?mé eﬁlfﬂbfagnpugB B 104ad %emﬁl_ej BVigfivedafdn the
I at |.eas . r exanple, in a source
lsiﬁgﬁlﬁlgl%ing?{%{lr stplc%as ag&p%‘oygygﬁ%qsngoglm & gugippkybridomas can be
anitle by fyging dyrptivicftes BEmA QIS BRMAMISOith & ﬁﬁm&&g%ss in
t he Souréfedholzl gw d) UDB anti body variant speci€s can

BEPFEHRR YN Fesmbiny entigncity aapmimortaligedimonsacdlblire. Preferred
SRR lifes 22SmotddB el AR IHRER sheduced to:..
Less, than 20% I ess t})r%g{n 15%1§'l esgg%ﬁ%ngﬁlﬁgoo ?“Zf%"se medium
containing hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a
number of myeloma cell lines can be used as a fusion partner according to standard

techniques, for example, the P3-NS1/1-Agd-1, P3-x63-Ag8.653 or Sp2/0-Agl4

e

myeloma lines. These myeloma lines are available from ATCC., Typically, HAT-
sensitive mouse myeloma cells are fused to mouse splenocytes using polyethylene
glycol ("PEG"). Hybridoma cells resulting from the fusion are then selected using HAT
medium, which kills unfused and unproductively fused myeloma cells (unfused

splenocytes die after several days because they are not transformed). Hybridoma cells
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than 5% less than 2% or less than 1% Preferably, in
the purification of a source liquid for the
preparation of a protein, UDB variants are reduced to:
| ess than 20% less than 15% I|ess than 10% |ess
than 5% less than 2% or less than 1 %as a
percentage of total 5 specie Oin the source l'iquid.
Al so, for exanple, in a source liquid (starting

PRy aﬂﬂﬂbdl@la@btﬁi%dﬁofst% 1RBaticHYré BN MR d éc?e@ S a

gﬁﬂcent age of tota ecies in the source 1 DB
dgpgpultyrg P?%?mat@bﬁe*gt wiibedigs that hind|a taogkt tantlab cnsmg @ s@ndard

Bp1eaPpausy 0.5 % In various enmbodinents, UDB variant

speci es are reduced to: less than 1 % |less than 0.8%
|l ess than 0.5 % less 10 than 0.3 % less than 0.2 %

and/, gnaln gnnbogan 0.1 % Preferably, in the
source liquid for the preparation

of a Altehativeto mam@mmmn@r@nb&ﬁuséafénh@hydrﬁ%ﬁmé Qan 1
s.than 0.5 % | ess than 0.3 %

Poa R pPtReaY o4 o0 b ATed BL0ReR, by ereerpsregombinant
PefisiRatoHd) emhund A6 WIlinIBAFY @0r LHRANPIE af MY b?)ﬁy gﬁ:&g 'df.izpla}%brary)

A8, Bi ndi ng Proteins for use in thé Purl

WER RS get@P’flgﬁﬁléo thepebirtisodate mraunyephylin dibray pewbers that bmd the

& Lol ar.di n
T B e nE g (bl R PSR
egnmercialiy nmlgbbifqmmamplarﬂ@ Ebalrﬂnacmﬁt@biburﬁzheﬂhdg@ Aszhsody
[ I hn|
?s&enﬁ@ta'l&%ﬁlhg ﬁb%@gr?tl at“e?ﬁnﬁtﬁﬁ%% H pt | ég%g ﬁ’é‘g?’%
Crtalog N BH0MEIR). oAddifiortalip s ampleh f MeB6]s andreadBntEBattiBGarly
nous, sour.ce of the_protein. In

f d
s R LT R R
ﬁxam:thlﬁe, Iaidﬁéﬂey&l Q]r@|Pai%ﬂﬁN(b GD2 30408 PRAR dr 9P PCH Interna’uonal
gnt? C on(r}\aj ‘?563&2 %){ a reconbi nant anti body
Lﬁéﬁ“? % V3619 Davven fi “Ze%cﬁmtﬁlﬁé‘@gﬂabﬁubacatwm WO
vademt&e&t&'ﬂ'meﬁteHéﬁoﬁﬁ@ ?ﬁc%qUﬁW@ B2/9 7 nMaH@ de? al.

are described further bel ow. her “ée
Plé Imrrngtionsl Replispidandley WQ92HE67% B{ﬂlthligcad yl. POTIIﬁBmatlonal

Fgﬂ%@%&ohr MB/%?ZSS@%&%&&?% l %&}T‘IB %/ 181@1 E’ﬁlg_llcgﬁchl I%o e\g’O

ez;(gmmeegmarg.enqa thImemano%ahbmimmmfN@fwa mzlk())b@@ty Ladner et al.
t

DO Pl e b ickTon S Sy OERRE et Hsar Saiollaimlony

aﬂéﬁamﬁ Hyyr Ieﬁ'ﬂ'i'];(ﬂQﬁ)r}QmﬁA&ﬁb&ﬁ?Ir)])ﬁrt'zadg@dlsmln?gzg-gls@&szl £1989)

SRR T GRUGCHaR: el o) Edi a2 Bt e

6l9oh) JaMow szl are: mw&: Clarigsb8 @ bNTYODINLDS @%2 @§zf ?ﬁ’s Gram et
é&lﬁ usi ng i nmobi | i zed t ar get” antig

rotf H@férﬁf% oaly Utd 188 3a7@358); Geoaé e tdg(&?ﬂ?is)t t he
Bio/Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc. Acid Res. 19:4133-4137;

Barbas et al. (1991) Proc. Natl. Acad. Sci. USA 88:7978-7982; and McCafferty et al.
Nature (1990) 348:552-554.

Chimeric and Humanized Antibodies

Additionally, recombinant antibodies, such as chimeric and humanized

monoclonal antibodies, comprising both human and non-human portions, which can be
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target antigen can be isolated fromthe mammal (for
exanple, fromthe blood) and further purified by well
known t echni ques, such as protein A Sepharose

chromat ography to obtain the antibody, for exanple,
IgG fraction. At an appropr|§fe time after 5

i mruni zation, for exanple, when the anti-antigen
antibody titers are highest, antibody- producing cells
aale henhhdiaredcdriinad mN A whhe gﬁesaﬁg wiHBBAKE Scopk SPAES
monocl onal  antibodi es by standard techniques, such as
& #RMr i doma technlque originally described by

Kohl cc " - 7 sSee
alos oemEli?%\%ﬁ Mél%ﬁzg ( 1981%_&13{3\!"?H o no: Az%g 7 gbiél y( %e?ers to an
Brawpoglebudin or anthedy that inBludes at Greemne mﬁmamsar)m&ﬁunogmum or

Buipobd e (3, o T8 50 BT iy ] hogm pgpanize

mamumgwamatchm” af“hofuanized entivpoliy elatal e anttivaei-e8, see
Buech U,S. .Patent .No. 6,420, 113. Monogcl ona
AR B o%??bé1 mi]@i"tﬁﬁ]i’? 100 PT { BrEnaRAsy I%E‘I“POBE‘?WH 54‘6&‘%‘6@[ )Srefers to an

iERUnéNEbullid Dt Agibod IS iileS 9 1RAFor HeEW)d'htaﬁ‘xl i'eé ti&Y) having a
lin can be. plied for ‘the pur pose of eratf’ng a

sRep th %wﬁﬁéﬂfyvi@él@ framagwazlk mgmn@ub@nu@y fiom agfuman

Cel | gﬂmwﬁbgg;ggi pra; i %g?%& ﬁ%aﬁ%m? E rﬁ]éﬁ’r{%ﬁ) (For
exaraie.< jpest on e preferahlly e CORs| méretrdferblyshree CDRY)

SR P06 RS e

' mﬂt@dmngs Cllor atasrplagvatﬂleebt bee craweti regmﬂ' yipotadi therebi) én the case

cel | ne exa oma cell |ine)
PR R el Fra bl AR B i O paca shary). i tero
r y{mhﬁmﬁt\@ﬁablé:ﬂfgloﬁx 5P beamp R M hitBar iR OIS Rinil ?egmn or
made fu5|n Jyrrp%c ytes.froma nouse i mmuni zed Wth
an™ ‘?-H%i‘} 2y vapalie Fee bretern . ib‘faéé’@mreglmfén&m@ndes a
%ﬁibl@ﬁmhém{(tr%érgﬁl@sﬁﬁ%@ B & hibch 8 mnkth %%Bpﬁ]ﬁgor a?lﬁbc{dy and

immortal cell |1 nes are nmbuse nyel oma cel I nes
SPBPISEWERIfR Astermining regioas (REIRY mibstrntiallsi fvmg non-human

%]Bm%raﬁ;gowpterl n and thym dine ("HAT

medi u nunber of mnyeloma cell |ines can
be us@he alsra@ ﬁut@twnalﬂbaﬁom&rhumm%mmmoaaﬂafody or

P RRA M TR p PR g b e FmGiosiopadi o

Hy@b@mrhnmqumefwuambaﬁoﬂ plupoeses Ah&fegiohysRhresihtl 1¥ast WO%,

g QT%%{; § é&’@ g‘? eﬁ‘étypgy\] &%é%tg]&?‘;tg@{#%heng%gg framework or
Ickytistand ﬁﬁ&m@l}ﬂeﬁcd ﬁﬁ(WVﬁJg NQr ExaApid, lﬁ?r cBH.s%Mﬂv@&ﬁstrgGg&nhé

sel ect ed usi ng HAT  nmedi um whi ch Ki unf use

GBS é?q“%wu‘?%s@wnmgén@w sgbgtingriops, bpelemuations, and the like.
IRk SRR o 'c@ns@tfvﬁﬁ&e 531 Mﬁﬁﬁns%ﬁ&nm%@&ﬁﬁcé ﬁ%ytltﬁtlons

not transforned) ona ce
germline substitutions, backrnutatlons and the like, is often referred to as “optimization”

of a humanized antibody or chain. The phrase “substantially from a non-human
immunoglobulin or antibody” or “substantially non-human” means having an
immunoglobulin or antibody sequence at least 80-95%, preferably at least 90-95%,
more preferably, 96%, 97%, 98%, or 99% identical to that of a non-human organism, for

example, a non-human mammal.
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30 producing a nonocl onal antibody of the invention
are detected by screening the hybridoma culture
supernatants for anti bodies that bind a target antigen
using a standard ELI SA assay. 5 Reconbi nant

Anti bodies Alternative to pre?arlng nonocl ona
ant i body-secreting hybri donmas; nmonocl onal anti body
can be identified and isol ated by screening a

r ecorCordely. alh msions oo rasidnes oﬁwnmglhxzbdl itmuhd glxrbahy of f or

S B N 3 b s b o, o
subm.ayy ientia © thtedrrdsporaidghegidfs drabd@ies 8N Mmorkhitie

gener a and screeni ng phage display libraries
hfé“?“e com é’u& ISSAUSDES EB? ETIOf BTSSR S egioR eor “corresponding

redidueltaertra tde epivhl op ackiduRda 4 & cAK sk aci BYSHERD
9400-01; and the Stratagene SﬁfZAFBL?'M tﬁ%éeg&e%ge

V{g]?%*b?cak}m?é ¢ sarge;(i.&), GRPINECntPRIGEIDR a5 2 ettt (Drcmsatﬂlle;qn a first amino
26XATRLaStRE sé@{elik%d%hémﬂhe&f&gﬁ&‘ée%o%’ﬁeg lé'es""Ir %gw?lbloadgg,ned

amenabl e for use in generating an reenl
1o COBIPAYISIn AYEROSSS. can be found in, 15 for exarrpl e,

Ladn a 2 123,409 et al,
poT 1as SrmapEnierie iR iRl il & Hofipapdeadstiasoyam
optimglly aljpngd, |sn@leasrta/tth@mgraﬂmmm ait ]BEMINQ‘ usie de%it Li ¥rdights,
PCT | VO
g%'?%gl?gs‘igo-%g rokﬁe%ueacen {dgxrét?t%,t | %é‘f’"iyrﬁ ?ﬁ%}- I&?{Qpequenee identity,
i bietaatilpat it mm)%éq:feﬁa@meﬁnﬁ ichdrb gﬂzféﬁbl?:aat 1e5’s@§o 90%

L nter t nal Publ i cta on WD 93/0
Sgyuen > &V AP PEFLe @hldl at lf&fﬁ%r%%seqmczmegmyom@pn

nione p&fdalﬂif affkast §%9% séc[ﬂeﬁéé’lﬁéﬂtﬁf@ﬂ mgﬂég{b& %ﬂrnﬁg % sedlience

2/.09690; Ladner et al. nt er nati ona

ity reye o g dermp @ebﬁé,ar@nal igentity”r9@m} 113k t¥dTpatjpeptidgy
s9qu1e§<7€9 ‘;&%%gtm% gﬁ sugﬂ' gsgi;) thgl F¥ Anté%g géﬁ@éTFIT usmor

donmas use et at.
dg lt BWB’CIEQ@,lsha@rﬂlt i%ﬂt&@e@%ﬁ seghencé 12881y, ﬁkﬁﬂbjy at least 90-95%

thxg&gegsgrglg% aﬁ%ﬁ% 43 S%I b?y a&llea(sf(l%f %qump llﬁ,(:'l:;}tfty or more (for

e3BADIE YR eGe adentity a2 maat). Fol &9ddncEeOGparl¥sh, typitifdne
%ﬁje %ﬁ g% 76-3580: Garrad_ et at. %

PRSP SGy oeessadenra fo W éﬁséﬁﬁﬂaeqﬁe%@reapmpqr@g%en
hing aceR@fmpari$bnd:
R e [y

{lceaqoordl%qslﬂr%de(smg@(} iBuReBa; SEMEeqBRce algorithm

Freco n‘g ?Iﬁgﬁ?%afn%j Ia%ggglagg »%g%%eﬁggicg %ﬁﬁ%ﬁhﬁ glg n%tlhﬁ{}ﬂ%‘fa%cél&tes
theEReRbiarensn idepdyiferthe tesirasiescaty) rhlative toulxarefeaeide sequence,
bERA o R RBLE FdSrant P GHS2N PE

Optimal alignment of sequences for comparison can be conducted, for example,
by the local homology algorithm of Smith & Waterman, 4dv. Appl. Math. 2:482 (1981),
by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443
(1970), by the search for similarity method of Pearson & Lipman, Proc. Nat’l. Acad. Sci.
US4 85:2444 (1988), by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, W), or by visual inspection (see

generally Ausubel et al., Current Protocols in Molecular Biology). One example of
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31 nmade using standard reconbi nant DNA t echni ques,
are within the scope of the invention. The term
“humani zed i mmunogl obul i n" or "humani zed anti body"
refers to an inununoglobulin or antibody that

i ncl udes at | east one hunanlégf i mmunogl obulin or 5
anti body chain (i. e., one humani zed |ight or
heavy chain). The term "humani zed i mmunogl obul in

alpetithin 4t i hﬁﬁaﬁi%ﬁﬁt@ﬂiﬂl@ﬁc&h%qﬁem@ '1de§1t1ty d sequence

ain "humani zed

SHTHRBT B LA 405 i feserted i Alisehul e a1 Mo, Bl
RMEeAboRU IShAware f&"ﬁe‘rﬁﬁ'ﬂ%ﬁg %Sr’l“ érlaly%es is %a%lrcgr ?vga?.%ﬁ through

heavy chai'n, respective aving a- var
m%ﬁ atjopal | Geettes fox Biete¢tmblogy Infameation Kpubdigiyaiacessible through the

by e R ) Sl PG, Peglchraeran
p@BRsters(chobe used doptrformathe $egasice Qﬂﬁpﬁﬁ&l AUhBd A @bbMiZenO

§Q§%ﬁrnwe refer bk t hr ee substantially from
SRntel AR AR B e PRI Scif SGNenssodhe BRAG TP araimem wies as
detammsordmgmt(mtof B g e@cﬁ&t:{tfoﬁ r(E)%&iamo b ﬁljaéth%W@J&%nng

const regi on or pOI‘tI on_t hereof Int

Mgt G seqtismkoth Henjlrodle Prasnder ricad o%. dA%t 81096 (1988D. of

h u
 eorsisbm S LIS 9y g

P@ sehstitugipns. Hen nwmpses of ﬂ%Mghamm ac&l’slsaliﬂtlaltfoﬁgastGnéervatlve
v i ncl udes arl bIe
e BN Py B8 0
sﬁﬂﬂmg) lﬁb\utﬂﬁh akar Vﬁé.ribm,h)br@roap(ﬂl (netﬂ:mbhyﬂfepl?ﬁé tifly/chains): cys, - -
et ni.n rom a
hﬁ%%‘ﬂi’ﬂl aﬁ ‘gﬁ i’ﬁﬁfg Sl?arg ﬁ?f?%ﬁ% asig Sl‘i’lﬁéh%lm) ‘a8, gin,

mulys,taag; Graug y (feﬁﬂﬁés&nﬂ&)dﬁ&ﬁg iR BAEH A | ro; and Group VI
substantially hunman" neans ghat

TR aine ﬁ’ﬁﬁn%‘gqsﬁwa‘l“ferﬁ%?tlmtm insoby smeons

HefieeN@RInd QkidS RIRSEINT I Iash UKBR §§1§Se sruﬁgcit?tfbni Q&{s? ﬁlt

IIeast 80- 90% 90-95% or 95- 9996| entit

Thargieg mewier afyepe qf thesetclassen dorcamémbermfondthar
constpﬂg Sedi
conser vat ﬁ% hgﬁl g%??fﬁ?ﬁ%ogﬁ%@cog %Isl,tébr? g e B ?&EE#& gl an
affimity thatis voithin a érstariof fheees folus tok fiwe bhthst ofmas:domfsf}ﬁhﬂmg fion-
] cti O 1
ﬁ%%gl%?%h% sy RS Exlllie AR n e Bhio B o hag  imding affiniy
gBHail Mnhumam&tllahulbomsivﬂl ha‘zéq‘ﬁihc&hdr effinity 8P4k 1&43@3 ke, 4x

8 e err d 0 t|n1zat|on of a humani zé
éﬁt .% d‘;‘ c?{ah 1\3 g%leb“lgwsglpaﬁ pichio) “lireqt @ptigen
bindinigl Whan it Icﬁﬂifdﬁ@@bl@&ﬂintaﬁt @fmadEloBREY or &fibody (or antigen binding
".subst [ 1y ngn-human" neans “havi n 3

R JFEi50) # P RIROIBIIOp oS Bz At a s mBGH 50
BX2h2¢, AbbdkrAltati 2§ &lsadTo ggbﬁa_ntlally affect the ability of a heavy or light

chain to direct antigen binding if it affects (for example, decreases) the binding affinity
of an intact immunoglobulin or antibody (or antigen binding fragment thereof)
comprising said chain by at least an order of magnitude compared to that of the antibody
(or antigen binding fragment thereof) comprising an equivalent chain lacking said
mutation. A mutation “does not substantially affect (for example, decrease) the ability
of a chain to direct antigen binding” if it affects (for example, decreases) the binding

affinity of an intact immunoglobulin or antibody (or antigen binding fragment thereof)



- 10

15

20

25

30

nore preferably, 96% 97% 98% or 99%identical to
that of a non-human organism for exanple, a

non- human mamral . 32 Accordingly, all regions or
resi dues of a humani zed i nrnunogl obul i n or anti body,
or of a humani zed i munogl obul i n or anti body chai n,
except the CDRs, are substan%4al|y identical to the
correspondi ng regi ons or residues of one or nore

I’cl&xfnpﬁ@ng Sid@ i BYRHNS kz@%&‘ lof o %H'E'ée 3F gl%r othggt &f%leoadlélbody (or

'correspondi ng region" or "correspon
ABRgsdIRdingf peEpnbeisel) comprsieg mnecallmucmmmﬂg ed thutation.

oqut v e EBEA Aok SEEHBo R elethie ob irmimsaulin
anam@odwmsemanm tegini dm\&efﬁme alcfm sfddd&%B faﬁ@@hsgercaﬁstﬁﬁd
ences are o al 1 gne or co arl son
TGRSR 35 Safe Eﬁ%%c linajélﬁ?glt)'?}ﬂmﬁeaﬁgpbpﬁlat can be
b b, et |
o ae b @lewﬁﬂfé Bein i, Ol TR el i mens

éul%h as&%ﬁtﬁgﬁ%g 3%, dihe feams 'euarw%@mqmgig@hndenrhmmzed

tfodiakre Yoy
o e ot abl a?te%liﬁ??% o R AR RERbliab or pitotics, o

cdringft-yAlhough h%m@@dgmunsglqh\dms er mdfbbthei ¥re c&iﬁﬁﬁhc 1n their

w &1 f uence enti t
s &{r?glr gé S%Ue éi?% e{gﬁ)?@é’: ?1 L TOTE {%élg?% SRR 8 Profgin; ﬁhﬁ] 1nclude
additienab featungs (ee(a\mplabip ré@r%sicempﬂmﬁgddlﬁxr CoRMebitiNes@hd acceptor

nti al |dent|t means t hat two
mf“%‘é%ﬁ? %dﬁe@);rgﬁ lljen L 4 CHIRATG i ymaely %Wsa‘?ﬁa%@ﬂlesswﬁﬂed
aerelny t he prograns GAP or BESTFIT using default gap
| east 80-90% sequence |dent|ty

h
\Sf Ie? e&‘édgl "\?mg‘{n%l agél W%Z@mn%@aal@nebomm be yxodamd by

-pRbAbRERIBNA béc}‘)mghes' 188%h i? élé’a.geﬂ)y @ﬂﬁﬁ)lé gs%gt ﬁtf%o%r (}escrlb ed in

&8 exa | e @6se uence identity or
8 Pti‘%hAP RliggliQeNe POHES2H0226818kics caalt BurdBean

aateﬁf@pﬁeaﬁmsl%%@ﬁ%m R b i e R

conpar ed usi ng a sequenc

- Mostisoned ak @ﬂ@peqmd@t@eq.ppimaml m‘36494m§6ﬁbetgét er 4. PCT

, ted, i
e O O 80 ST Py P o e as 867
gebkilly esi/ghabpcin Pitent Ammﬁmﬂﬁm%ét&t@&t@| (?95!8 :SE'@“?“ e {1

uence_ identi or e es
SR FOMOR il o OB Psog RO gk Seic 56 Sagt 344325t o ol
HASE. mmum 1395g N85 2] Stk LAHIATYPH FFHE WaHS %cag%él Bty
%hg{]gfé;ér %ruasequences for conmpari son can
g 1shyrgra gt alnffi987) Cag. RasedT:9%9al 006pWisbd gyal. (1985) Nature
al@MG-A@ﬂhﬁ SHI & 7, 61 988§ ?U\f’&?ﬁaﬁ% InsﬁrﬁBllS%m%P Mottian, S.

1981 y the honol og nnen
a8 ngﬁi?”@ 3RQHSON 1207; CMgt al. 89&6) BszcMaues 4:214; Winter U.S.

Patent 5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyan ef al. (1988)
Science 239:1534; and Beidler ef al. (1988) J. Immunol. 141:4053-4060.

Human Antibodies from Transgenic Animals and Phage Display

Alternatively, it is now possible to produce transgenic animals (for example,
mice) that are capable, upon immunization, of producing a full repertoire of human
antibodies in the absence of endogenous immunoglobulin production. For example, it

has been described that the homozygous deletion of the antibody heavy-chain joining
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(1970), by the search for simlarity nmethod of Pearson
& Lipman, Proc..Nat'l. Acad. Sci. 30 USA 85: 2444
(1988), by conputerized inplenentations of these
al gorithms (GAP, BESTFIT, FASTA, and TFASTA in the
W sconsin Genetics Software D,gckage Geneti cs
Conmputer G oup, 575 Science Madi son, W), or by
visual inspection (see generally Ausubel et a
o hinQRERheFiciald Mg
ﬁg{ §M)§F gori t hrﬁiﬂtcI%ﬂlfili(ti i S gﬁ%lt%g . ﬂchQQéé £ @L%mlﬁeﬁe%%mon of
5@@6@%18 g%téaqéya pwdpetiont iTransten df the umarc germsfim Mﬁmbglobﬁlm

T IR

Bma@tlm:rr@amtngsﬁeanm yemwpld, 3. SlIb:kdnCNMs BY130| 580 €114,598; and
%9? the National Center for Blotechnofog
grmation (publicly accessible through the 5

Nat | onaly Hufah iahtiiodtes @fn ketbé HerNeBrokMraENGp1SF wﬁgés

d égr am paraneters can %e use
(ot cE ol oh oL et LT Bkough, I:Mctlolanok,elﬂz 51.
PIT @OB1)RI ChifRAc BOSARE a Héﬁo%egeg:g J‘&tﬁﬁé&j 3 e”" Play

t.he BLASTP program uses as ts a mord
Wpraries (Byeckigs ete/aVliSo Ratem)Na6,420,113)nd t he BLOSLI\/BZ
scoring matrix (see Heni koff & Heni koff, Proc. Natl.
Acad SC| USA 89: 10915 (1989)) 10 Preferably,

B¢CH bod Anaibodh Canjegatet | dentical differ by

cons . ons. For. purposes

consegygl o A0 IeLd SR e Tor puoses

last $eo ddferméeplmpem uch asteHod b cafbe c&ﬁbé@ﬁ&ﬁ'fﬁllg le‘ﬁgﬁ antibodies
Sl dechal n

f . (hyd hob
: ;O%B%gyt zic’gg:feg S (8)5 anm%lg %qup’é %15&%&‘8aq%|blo{liﬁ@u tMethods for makmo

b immnt b&iil kSl
@;ﬁgc A SlI e o ot ﬁzlisepa:rﬁ)’ﬁadmoc’r%ﬁ ﬂroﬁiik{/xozl%gtﬂgleg%

antibodies 1§bq;$ed glg;thqa,cgexgrgsglon af o 1mrmupoldb(ﬂme]$eadjn d&un_
ligHt bHaR BARIwhERI 't}ﬂa old ?Mﬁé&'ﬁ%ﬂer&t é%ec%c&?zggl‘}s??g 6 eal

(aromatic Side chains
Naiyes BOUI 0139 (19870)- \/léecamqwthetrmdomsorbﬁm/eenma:morgmbulm

servat. ve
%Bgt%? q u‘i’htt g%sﬂsa {oﬁ‘r%% T u? e @B?‘fﬁ ?SEBIOQUWFD%% méthare of
differentadibed amelesulés(sesy WiR OBOBSIY and AOTRGHckE S LEI BB 1

nogl obul i ns or antibodi es bind antigen
(I RLE89 o7

finity that is within a factor of three,

f our , Bigpecific ‘aﬁ:ﬂmﬁleﬁ h18d inOludd d¥6ssGRAKIIRS PRAGbOGju! %ﬁ:ﬁ”ﬁz}]nnboddes For

mani zed r.exanple, if the non
4P Soly of 8 &Bﬂfﬁaﬂﬁ © BERPSARIgAIE o e GOl (o idnihe oferto
1amm dradheepaytdali] Hbtﬂtbﬁor@uéitd’ﬂhl&ﬁhe@frfa& Bé Pn!déjlfsn‘%an&r EAStnicht

A, S ek e et ot mer et i

dbscmted]glU SFan Not 4,679)988( SlonpP@ih ARmibRE FGhosk. ﬂ%ﬂggtmcﬁeé n
or a %¥H%or en_binding 25 fragnent thereof) a
spe c %I“B%éf thg anfbogy crm hegomitested, oheminally or
g‘ﬂ::lbt&talllw’to (afpéijload such as a reactive, detectable, or functional moiety, for

example, an immunotoxin to produce an antibody conjugate. Such payloads include, for

example, immunotoxins, chemotherapeutics, and radioisotopes, all of which are well-

known in the art.

Antibody Fusion Proteins




10

15

20

30

exanpl e, a backnmutation) is said to substantially
affect the ability of a heavy or light <chainto
direct antigen binding if it affects (for exanple,
decreases) the binding affinity of an intact
I mmunogl obulin or antibody (o antigen bi ndi ng
fragment thereof) conprisin %sai d chain by at | east
an order of magnitude conpared to that of the antibody
30 (oAnaAP bigeng bidielh Revihg ATFERELihRAS ﬁse%fl), ﬂfAeQHP{nhﬁﬁl B9 &N,
qui val ent chai n | acki ng sai d “nut at
%%%@rﬁt@tn thatisentains ablensy ﬂarﬁce;mmo(nquuan e:mmib' dused ecd ﬁc&lﬁﬁbtxbody

I&)Hﬁmﬁpf %&gpye 1%% thgtxlgﬁ,%} gwle 03& ré%gé% a,E] | gg g?lglgg %Pon prcl)tfem is
af@ted ithiay isahpabie 6 Hivdihg AR GGt Rz{%lﬁclrelaféﬁ f@ﬂgtlbgéjﬁ%h(a% se
é’ih%’egﬁbl ndi ng fragnment thereof) 34 conprising saigo

TRSRRtOT Th&éta%‘i‘ thgflikelvaAntibhdefusiopprdteins (abso refemed to in

| q{eﬂ“@,@%ﬁ&%&e{ﬂ r 12 R 80 Bh ) U e fageg%ngnt t her eof )

conprising an equi val'ent chai n USHE Sfpn
Terempimanh DN Ajteabpiques andhavgbesnidesonibedin thar Jfze¢lfor éﬁn@%U

I bl
PareNG THBREL S, b fo SRR R Padinengits.
Baheetgﬂcons42&,éBOwélHyr@rpoaesﬂcond species. Chineric

i mmunogl obul i ns or anti bodi es can be constructed, for
exanpl e by genetic engi neering, from i nmunogl obulin

@enelm s belonging to different species. The
terns g[g,nl zed i nmunogl obul i n" or "humani zed
ant i bS‘&‘?Pr theptibodigse r?%ntéﬁmﬁ%!;@h@hiaweﬁﬂy of antibodies

tFarmie DRSNS mﬁé&ésbﬂgﬂaﬁ%u a@?&lzl%%é&t ]B%a&F é)g tzglggnng AB

Al t hough humant zed i nmruno |ns or an
BFRti%€ric in their 10 construction (|. ., conprise

prot th
o) obfe AP AR AP] <ACAR RGP S BeD APk Mg
troerphangeably bosinto {éﬂthj asmﬂiue@y RIS Bﬁc%r m&re Hﬁ?ﬁﬁg b
0

resi dueszS not fo in chimeric i munogl obul i ns

APEeps drtsaningits g ‘thﬁélalan prayleidprecgiron probsimEARR), AP grotein, or

BotHR Fi &6l bt a:bﬁe AP

reconbi namﬁghnn?%ug?ggnomaﬁ?g tgﬁr?chﬁﬁB %ut are

B%'é‘?fﬁhllé fqya{l mthirethh m@eﬁﬁo ﬂdﬁg M/illglﬂébéilsgfggggoﬁﬁlaémst for

L Lote ©N 9] 7on ira
A A A b A o e

Eta:nr@mg:ﬂmthe qu kel bDthe APPPA (R I

& 2) % ue E rop n Pat er?tnlw&pffnfcatl onél%fﬁ%gqccessmn

§ ; é‘f‘mg feso ﬁi"@ﬂﬁ%?f %%Whm}@rq Gamendnkigwn texist
e e 163095 dnyin€ hcid lpolgisépﬁde E@shgtﬁd H;H{m% ? %12 (g%z) Nathre

%%g et .al ., European tent Ap
Wrwhieh is degjgeatedss) thy tnermal] @:PPOhE 75 D ddinolscid pelypeptide

atscribei Yy Ponkr ‘E:l i) Nahre: 39: 344

L| u et Q?I i} %&@ . flmm%c}l%ls%@ﬁa%%%n 6@88)
Hpturg 3{-9@852)8 Pownd the770-aninadeid polypeptiad described by Kitaguchi ez. al.

(1988) Nature 331:530-532. As aresuli of proteolytic processing of APP by different

secretase enzymes iz vivo or in situ, AP is found in both a “short form”, 40 amino acids
in length, and a “long form”, ranging from 42-43 amino acids in length. The short form,
Ao, consists of residues 672-711 of APP. The long form, for example, AP, or APss,
consists of residues 672-713 or 672-714, respectively. Part of the hydrophobic domain

of APP is found at the carboxy end of AB, and may account for the ability of AB to
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84:214-218; N shinura et al. (1987) Canc. Res.

47:999- 1005; Wod et al. (1985) Nature 314:446-449;

and Shaw et al. (1988) J. Natl. Cancer Inst.

80: 1553-1559); Morrison, S. 25 L. (1985) Science
229:.1202-1207; O et al. (193@) Bi oTechni ques 4: 214,
Wnter U S. Patent 5,225,539, Jones et al. (1986)

Nat ure 321:552-525; Verhoeyan et al. (1988) Sci ence

A38e | 8h
e et R S b brp AR, found i, o
Aptified Somytle Podyr nidi dﬂiuaynS&dNthﬂﬂmeMelfyn eyda:tnp]eS:efewapmal

P R R AR AT R0 54 B g

pisodiersi ng a full repertoire of human antibodies in
t he aggence %g endogenous | mrunog] obul i n producti on.

For exan{srBs “h-amyloukprgieth, dhamylonkreptife “f-mayloid”, “AB” and
h T al €. €X4d] <}
ABDEERYS qugcﬂn'té?&taﬂéﬁ b ?é}% R L e ;’i‘ 19 AB30, A0,

joining 35 region ri|c anad

ARAANA P4 Emd AS) istas~4-hD£mrqnhaitfﬁgmBim d¥i30i4@rantio acids of APP.
Transfer of the human

T Bt RO TFagHos §eind ot AQE o ABEhecgeistinf renues
Byt ans oA B AS%U[!)’[H%S {dandab ?ﬁ}ﬂﬁgg HGhikiaP #8k %&@%E‘e cleavF%e of APP

anti bodi es upon antigen enge. 3ee,
@ndssyntiyetie ﬁﬁpq%%ha‘@lgl@@ SESOT e§sentidll 508 saramebqBence as the cleavage

4 badi e al so.be deri'ved
B A o M BB BB Yo
Bl linds| @Hbody ﬂ?uﬁs 3@1 ev( r@é‘-s)era dBdekeor&pirdl fluid)y Fomample an AP
Bi o :.5b81- 597 (1991 ﬁﬁ Chi neric pol ycl onal

& {)%%ed’ive remARR-expressing sells swelias Chinessihamsteriovant GGHO) cells
|sta9%ﬁfahﬁ§ctéc3%ﬁﬁ hlpet &t L & des%f'ﬂ%ndt £ gg)gﬂ}ﬁp&ég@n Wit ?i%?all J(E’éOZ)

i specific Antibodi ées an nj uga
Bfa@ﬁ éa(ﬁlﬁal 1P, 5S38AT39b ddi AB pleBarAhier) carte chrlt/d:cb@m‘ha a§sué B&rces using

bi ndi | two diff t
AR08 bR ABS b Hickr 6 izl Ty oo et L85 Proc.
Nt budasdii balioas! 550y, ARihdeeely, Aﬁgaﬁms §m1(tfe%&ntﬁésé‘im'u§mg

for making

5% 2 bISpeCIfIC anti bodi es)
ﬁ?lﬁéé MhIc8 a5 elbbravastodhese Péh&mrtu e, Her example, Fields ez az
Byagkdd Iﬁé‘ﬁﬁhespAqgléé?’ts 'G?ﬁhe d. Cthde, WeR % Be s g(?fl e York, NY,

anti bodi és 1 s based f%e coekpression
i1 AP mog)- oﬂmqemqp@éwan hesymthdsizgh nsmg]ﬁ]e rupamiated Marhifield

it 3B LSE 0 SR S By o £

ﬁ?anmhems;musngrside@hammmjmgi ahinb iatids big @examngle] dn0Abplied

ins hese Jhybri.do dr o s produce a
R AR sV Bete BB 4B Lo oPsaspisraiamme son be
@ﬁlﬁbasm‘éﬂuﬂﬁé a8n Eﬂmﬁlﬂfkcbrﬂblﬁéﬂmﬁk&ihnﬁﬁlesa@or eEMBR, 4
polynucleotide encoding the peptide or fusion peptide can be synthesized or molecularly

cloned and inserted in a suitable expression vector for the transfection and heterologous
expressionlby a suitable host cell. AP peptide also refers to related AP sequences that
results from mutations in the AP region of the normal gene.

Exemplary epitopes or antigenic determinants to which an AS antibody binds can
be found within the human amyloid precursor protein (APP), but are preferably found
within the AP peptide of APP. Exemplary epitopes or antigenic determinants within AL

are Jocated within the N-terminus, central region, or C-terminus of AB. An “N-terminal
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10: 3655- 3659 (1991)). Bispecific antibodies al so

i ncl ude cross-1inked or "heteroconjugate" anti bodies.

For exanple, one of the antibodies in the

het er oconj ugate can be coupled to avidin, the other to

biotin or other payl oad. Heteroconjugate antibodies

may be made using any conveni ¢ht 25 cross- i nking

nethods Sui tabl e cross-1inking agents are well known
b2 i9dr epitd

D il opit ﬁ%%a?n%a&% tParkl it r’ﬂ?hﬁé“g the N-

teaminyk qfibs AB HeptlglﬁetEmmptdnyeN—tenﬁﬁdl epRoPes ifchfe 26 duB®W¥thin

bec t em_cally or genetically, to a
91° EON riJé’h"g 3 1% ffﬁ{ﬁeﬁfvé’IY@%r&l@aﬂsé 3,dr4, ﬂuﬁwétﬁ, bi7ap-6, 2-

| f7f03 6lof, X uce, an
P o O A Bl crt Pl R b AP B0 13 ana

endeatpesidues Fhli9d A Add}tlmﬁ@xahbhf}amem epif®Ps include residues

di - k t he
SR BBERe BuonR ok & & S e rechpritr iy 0 o7 10 of
Aﬁél efCenkralépitgpEN ale@plt6iths P arftfrehis %gtehﬁln&ﬂf ng(%{ﬁ[ﬁﬁl rgﬁdues

an be a fusion protein that contalns at
E)G?tF‘il Hitprtheeengak Qr@@idxpoﬁl%\@d theoA @paptire. aBtenipaty central epltopes

RERIEidALs ALY RERL ffis1B%s dr e BRADNS, BL B 0809425 %1506,

a solu I on protel

&@t@ablﬂe}ioﬂ 8-BB il 2P AN C()théﬁﬁxeﬁi?l%ry‘: &nﬂé%lerﬁfétgpg;g mclude residues

ct 5 st
EY?J‘ ahﬁr?oiw&fst lréz‘*l 2? rl%?@?t il %@éyl §2s |18131p}96323|19§3( al 1924 of
ABf eCrigehihQ | lz-;ﬁt Ak L%e e péz;n;l%%ﬁ{s%?e l%c 81' mclqldmg the

f usi on protelns ust ng

Feemribisrd e zﬂNpqrtrde bid fpoide ARilubevEniR a@mochefde @5&@%3 1, or
r .exanple U S. Patent No. 5,116

a fo
%}122 i’ép en T“{Hun% CHIOPCEpge eIU-OBeS @éﬂ%&ﬁuwter@r@sts Camﬁnsmg
Alidudd 1Scated 0
okdubs e tne uersin By b3 % Aol RBe i avek?
Hrizearids 3OrdR /T 3GA2 PHas. udédlaomé px@mmargfc-mﬂhmbl@»uteﬁes of or
a [ i cul ar,
IR A M ORI i G B RN ol e, 15 The

t er ms Whanhamantibbdydis'said' 't(ahmd toAfrBepdtop¢ Wil 'speRibd rédidues Ach as
to refer to an

A O bR el F HALEE ke o Uit opactomids coniang

e @efwdesil@les e, 3—3119 RS IS
pr oitjel n (eAPP) (ZAng?ot ei {#g%%xg% a?mgoc{s oes not

%%F%Sé%‘é@%tﬁct@ﬁ@rwg@iﬂl@ velthireARi3HAaNS doaenevias/ siﬁgmsinwotablun
A8t o Hefetion within AB 3-7 necessarily significantly affect binding affinity.

O

In various embodiments, an AP antibody is end-specific. As used herein, the term “end-
specific” refers to an antibody which specifically binds to the N-terminal or C-terminal
residues of an AP peptide but that does not recognize the same residues when present in
a longer AP species comprising the residues or in APP. In various embodiments, an AB
antibody is “C-terminus-specific.” As used herein, the term “C terminus-specific”
means that the antibody specifically recognizes a free C-terminus of an AP peptide.
Examples of C terminus-specific AP antibodies include those that: recognize an Ap

peptide ending at residue 40 but do not recognize an AR peptide ending at residue 41,
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preferably found within the A(3 peptide of APP.

Mul tiple isoforns of APP exist, for 20 exanple APPGY9',
APP751 and APP770. Am no acids within APP are assigned
nunbers according to the sequence of the APP770

I soform (see for exanple, GenBank Accession No.
P05067). Exanpl es of specifi c39 sotypes of APP whi ch
are currently known to exist in humans are the 695

4, mel/@rci3 grePednyReptA e
(1987) Nat Ure . 325: 7%%@32%%%& r%dul%gg’é‘ﬁg? e‘g TEoepipRan AP

"RFBRGfgrdngpiresidpe 46,9, @quié3a¢£¢ d pol ypeptl de 25
d | 9 1; 525-527
(Tosn)™ Shk bR, 6 0B aplot ot b2 S asilpode vt thoror
ama 110Bé aﬁﬁ@dam varizat therepf) Ibyme:mbuhd%ﬁ@%%ggﬁ%%gn l@yAgé Patent
e e
ie:li)g p?%"PQL‘?%‘/‘?{S%?g‘?%c‘L}éa { REblisRioPNo (RPOADINTaT Bt
e taﬂéPﬁBﬂt B
l}p%ﬁml s/ T a3 P tnd Mol 90l "
8‘%@6 Qoéﬁ)épﬁ?% dssantien of ADA @n@éolas antibollies gamrnlso be

B Aehe St Sl el LA BhA

Watenal Patent Pupligagign dpo W3/ 0883 (522 Addjticras1ee k’ritib@ﬂi)és are

RRsdrived intth g ]!“a\fg{t %%Bﬁpitl‘g ‘ft]%”ﬂ /203 Oéﬁ;ﬁtaé]g E?tlexfsnﬁ{éongggpplpyn@? No.

car boxy end acc
RERES 456é@g BE@ a mommldnabaﬂuaodw(mAb)ttm spefRealy bﬁlh&o an N-

| | cap be f und in, or uri
e g s e R B i Bt e omiissiguenti: By
@g@pptsen,dé)ﬂéhs mﬁmmthht spéd1ﬁl¢a(ﬂy binrd§ kgl Ngerﬁﬁﬁah efﬁ%pg%cated in

dlfw dual s a [ n ividyal s suffering from
r RsFically, mesiuesst-frs A'qell laeptadicing the 3D6

melbna'l tib 4 9D
pmi An Oﬁﬁ(m 6.322R) WHEdep P%lhegr@g%é? Aglh Licart Type Culture

m &3 gétlde are used inte erel
oo REC ABT2EsaAN 80108 F88, onakiBiG, 2008) B treeRd0f the
ad f . 39-
arinocact o P RSBkl ovs
Fregpeigea) afitpdy (RB44 10mvlsa2ﬂd wht d¢pdsitaiwits the A:Ifco: 88 AGHES

O e B oL B PR B e e ppecion 5120

synt hEtcmplwmanngbamnbrghdshee thesEhating 855 Siripid Lﬂﬁmg&ﬁzed
% hﬁﬁg Snce as cl.eava products. Al3 pépti

deveh PVee Y?Il?ﬁfeafe%la?ia% agifl seigpessset forgh anSEQED H0:3

- of SEQdB NO:Gahd a huﬂﬁaizedl[eaﬁodﬁmfdoﬁipg@mgfv%a ?é(x%%h%mg%ra%ld

b F Al
s o R APBLNE i B RO6 cothensectiplarp smiant 3D6
A e

‘Rend & umanizgd hngyEBﬁn &fdého A S%Eﬁ.lence set forth as
IQ(t)lgon can be derived fromtissue sources using
nethods previously described (see, for exanple,
JohnsB¥enpbay vetiana 1 0D5 @dt8®dies aiage having, for example, a humanized

light chain comprising variable region amino acid sequences set forth as SEQ ID NO:9
or SEQ ID NO:11 and a humanized heavy chain comprising variable region amino acid
sequences set forth as SEQ ID NO:10 or SEQ ID NO:12. Other exemplary variant 10D5
antibodies are those having, for example, a humanized light chain amino acid sequence
set forth as SEQ ID NO:13 and a humanized heavy chain amino acid sequence set forth
as SEQ ID NO:14. Such variant antibodies are further described in WO02/088307A2.



10

15

20

25

30

Natl. Acad. Sci. USA 94:1550). Alternatively, A(3
pepti des can be synthesized using nethods which are
wel | known to those in the art. See, for exanple,
Fields et al., Synthetic Peptides: A User's Quide,
ed. Gant, WH. Freenan & Covm New Yor k, NY, 20 1992,
p 77). Hence, peptides can be synthesized using the
automated Merrifield techniques of solid phase

synt hasinsthet émibddi@end; MRy A4 RRALBA LAY of \/ﬁ\f‘cﬁf thereof,
F- moc chem st ry usi na4 si de chain ot ec

&ﬁ&‘??ﬁnl?félnély o atepplubdicaiias No. 280408887624 anBllntsmmamsPatent
@@%daﬁ@n N¥! Whﬁg’@%ﬁ SMQd quﬂ dﬁo tﬁgf%P?chg ag%:huﬁe
usi n

nt hesi ze

anti gens can 'Ieé
tERFRbemeRe IODNAd hhimareg-amytoid pepdndp,l Sp¢01ﬁc321§ residues 3-7.

ol yn n eptid o.r si on pepti de
cl?any E%n@ﬁ%:kem ze %lrlagn%oglgﬁ?%?% T NP %gélﬂflé%}zed
lhghfaphsml(mdfghecmp men@nsmg V&iﬁbgrreéleﬁ aﬁlhﬁ)befc[@dﬁﬁﬁc%%s' sefforth as

I n a suitabl e host cel
RERUDA 8 LB TP g s Bimatiedh Secy Sermememsingariobi

regsor| dnsing S bETIERIeh 8 Forti ks 7S RO:£Y) 'qu ¥ NDR o@%@b

%ﬁ?i Exenpl ary epitopes or antigenic ermnants t
% an A0 anti body binds can 30 be found within the

humanmayey btk eﬁﬁemm TRt
%Peferabl y found within th éﬁdgglﬁﬁﬁf).adle 13%{3 dy or a variant

éﬁ?&aaflsscgbﬂ BPES. Eﬁterléﬁtlblg:@mrcNdelOQﬁmméﬁlm mz $.IPatent

Ao LSSy B I

| 945&9895:%% aach Ilépmamxplal Pmemﬁbpgﬁmbﬁ sdﬁﬁle{dmcgnyshosmAsgm
termnus o t he
2571 53 S Baboris R Hpd T an sPriopGappicocated in the fuman 6.

. amslomﬂmtld\t bﬁnciﬁcaﬂm rB@d@@ BdsS Alcéllplu%r prgdu]e%:g%e ’P2]1§11 Igo%oclonal '

rably fromresidues 1-3
315505 b denghi Pl il o ASihon Bessinoen b B0 samdendte et e
Bmdipaaeﬁeaﬁ& add hAAldep RIS BT S780d S5 end at residues
(3. Additional exenplary N-term nal epitopes

i ncI ugéenﬁg%w daaat 12441 amfibogdies are thosg hafing)f&, examplechimamanized |
ﬁgﬁt ,chfin cgmpﬁsclgén ’%hr% g?.ltl B‘l\b];égmg osicg&l ee%{‘l%’ﬁé Eet%?rth ascgEQ1 83

epi t Gpes™ are epi
aet: {2@@3@ achwmeﬂrhmobam GOppIiSngYariabRire 655 amind Geiti 86quences

B lufloc 1% PRI, 30 B GoPA el in o bl il PR SEQ

$£20 00 it s o S A
oAl s s P o a5 S s Nk, sl MiOdeszo

NQ: m , SEQrIDINOSE|, SEQIH gf@i% 1%@2? Nt%%%%EC%: trgga rﬁgﬁ&?‘éb

é&%@ﬁééﬁgi&% %ééﬁl c determnants are |ocated within
or | nﬁ’ll }léﬁjhﬂb@nefr BﬁbO(QH‘ Eﬁﬂ' fﬂe%ﬁb gnﬂ'] e%?(%ecﬁﬁlégﬁ(z]&rawant

i ncl ude residues within am no
Hieraph ap fespribedanad Ratent Applicatipreo. Hy 3056390 tang Bierndtional

ABHH GG Ro I BAIB05A8860. GRERE b § A% at specifically binds to an N-

terminal epitope located in the human S-amyloid peptide, specifically, residues 3-7. A

cell line producing the antibody 6C6 was deposited on November 1, 2005, with the

ATCC under the terms of the Budapest Treaty and assigned accession number PTA-
7200.
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15 residues located wthin the Ctermnus of 'the A(3
peptide (for exanple, within about am no acids 30-40
or 30-42 of A(3. Additional exenplary C-termnal
epitopes or antigenic determ nants include residues
33-40 or 33-42 of Af3. Wien ap antibody is said to
bind to an epitope within specified residues, such as
AD 3-7, what is nmeant is that the antibody
Speci i yeehdoyheb eMBSdiinentAhR AhHRER rha b T Pith aszc{%s%‘rﬁ')%d in
épe i fied residues E(il.e. AD 3-7 in this an exanple).
ot R 215Rt ARRUCBIRMNG JA S0 P9 Ard bnsesnationgl Apphicaton Naver y
TERO8 [ - . e am no
D S a o A PSS o B N Fn 2 o

loseted tnethe hymayi Grainfiodkpeptie, apéodficallly) rediumg 2af.fi nity. In

vari [ n.AD antj body is, end-: cifjc., .
ho. oy RRi: SEBhame R el ditha AT S BfesdsSeped i
Hif. inmﬁyAmﬁcaﬂtoxﬂﬁ@quiOS,aD? sndinkds AlsatioﬁaIt_ 1ib%do%rwe'r.]nal or

- esi dues of an peptide_but that
ROLEDsBha0. ofnd 52 ehE tebinsealiibds o v Broise pitope 2
loongen BEhaRAcH ahyRAIRIiE!, BiedRANN Rl 2T 1N APP.

In various enbodi nents, an Al3 antibody is

" C t ePoh TiRrs prgsluging the antibediesdTB ansi A3, havingthe &y HGC @cession

h@hBErOBBA SRS bhd BT A-79BORSp okl | \D%g rﬂgéds}?é’ddéﬁfb%cgmm 13, 2005

specifically recognizes a free C nus o
pldst thederms X, thehuslgpest Tr@atyer mi nus- speci fi c AD

ti ' ' . . recqani n 30 .
oot | g eE kil oISl e Wl qay AR BT Rl 8P variant
thare08 ap desciibled ig rdi.BgPant Applicition Kb, 1 3_9%4,98%23@ gﬂéﬁgﬁ«ﬂﬁl

| Zz€ an N a resi Que . l.!t 0

PR a0 PR S S Sl o Bantzed dmeibatisnohata 1,
Rbcbgatze B3ta Shgloid > @800 d iRl i .
na ggi’z a %aDG gr‘ﬁ i%ggseor ,va?iisfant ? rg%#g%ef%{ﬁ%_awlg@ﬁ%égemal
Silops 2%9"6 1o s e Syt pentidarsrecificalipi tesiduasd 9-22. A cell line

RactihPed 1501 Umonodtéae Mitibad WAL &Rkt
00301%5496A1, U S Patent Jgub% ?%%%ﬁ*%ﬁlk@?e ATCC on December

3326 ey theterms|of therBuslapesh Bteayand ks dpbsit manted RTAGT270.

W02/ L% eJe Pat ent . Publ.icatiqgn No...
V004! 3 oﬁlgmﬁg%é‘g%“?%??%r?ggﬁdéﬁaygb&a 36 ERRDE i (T in
tah PatesPublicatiopiVd 2005024%¥24A10) and Inerdatitesl Patkht@udlication No.

i iQn W02/.0 06 and . .
PROERosP R 88 TP el oo b pembemisasiesated mte
Butdint f-emgloi Bi¥ptiae ispdvifibialiy, radi@uet Q6995 & dQMe pFodlkiSe the 266
Pat erit Li ?{%\tl on No. 11/303,478 and | nternati onal
REPPS %”ci‘ii Pilfhofl as feeoplisd s iiiBe A4 COombuE20 2A0ndeoitg ferms of
artBudestyt Tred9)and hat deppeGiieAPTX-dlbsds to an N
term pnal epitope located in the human 9-anyl oi d

pept | BRIy VAR 266 gntibpdiss arg skose havingyor examplayd mmmnized
LORRhAIS cSmPdin b hefib oY aRb ol NI &5 .
O Rk oBupHing elanRREEb kbl Lol e Aol i ST Nows
epREQ 1D MYP:#4 and ebimanized 3ed’y chaipaiotnptising variabthre pibg aih® acid
Sidlences set forth as SEQ ID NO:43 or SEQ ID NO:45. Other exemplary variant 266

antibodies are those having, for example, a humanized light chain amino acid sequence

set forth as SEQ ID NO:46 and a humanized heavy chain amino acid sequence set forth
as SEQ ID NO:47. Such variant antibodies are further described in U.S. Patent
Publication No. 20050249725A1, and International Patent Publication No.
WO001/62801A2.
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. ApphciizeNoh @ATYUSITMI3 1

15 nonocl onal anti body (RB96 3D6.32.2.4) was deposited
wWth the American Type Culture Collection (ATCO),
Manassas, VA 20108, USA on April 8, 2003 under the
terms of the Budapest Treaty and has deposit nunber
PTA-5130. A cell line produci&g the I OD5 nonocl onal
anti body (RB44 10135.19.2 1) s deposited with the
ATCC on April 8, 2003 under the terns of the Budapest
Tr eat bt R TA: nplary .
var i axrlllt1 %%ggtg%te?%ggiﬁ%%t’ar e ?Eggeéﬁg%%%%??%bur%ég&’é)ﬁﬁlvé?mt
therpofren dossrbed ingHd-S cltwtént Apphgatios Nog1 1/305,2991 aad fterinational

' i d. t ” l.D .NO_3 . SEQ .
PR s B i P oS a5 i mproving
Capiitibl™e 2Bdgs o mAhatapetficlly Sas &% emtaRipith R loBat@PinIhS

D NO,4 o cg}il’iegl D NO. 6. O her exerrgl ary variant 3D6
W?Ib@a%@l tifle, sReefEally-ngsidyes A923anpl e, a humani zed

| i ght moRRhdbtiRFeMBodRich:, HE AHENGE n23 b%@atlcfzoaﬁagbo@ﬁ ori-varlall
gl\g.{e&%?g a hunani_zed heavy chai'n am no aci d séduence

ficERed Bpd.P Patgnt PpisadiapNar 11/30589%rand T@OFational
§%ﬁ@@ﬂﬁi iANGo. IBeEE G b AL 7 e .. a.h nized .
| i ght chgﬁﬁ A Apri si ﬁgs”%@aﬁ‘@éﬁ e |}§§ﬁb§’ﬁ%eﬁ Sor {56 dn fiproving
Segutprted C2ds a gyt thatspecik@ily BinOtOa centralSh@opelobdied ihkhe
: M Y ~o] in5i Ng vari abl e region
g‘?nﬂﬁ%ﬁ ac %%%ggﬁﬁa%%%ﬁgggﬁ%gﬁE—%s SEQ I D NO 10 or
SEQ | I yeQurkher @mnbedimentptip laatiyodyatidyaseta SCBmtbER), bPP Firfst
re hogeS IPIEV .n&[1 f e £ %2 | e, a hunmani zed |ight chain
T Efrlaip be e o saemmonel o
NYGY isatih b HRE HRBERIBES indb b entral
as.. SEQ | D.NQ, 14. Su&h variant, anti bodi es are further

G 58t i e EaBwipidpentige, specifendyesidussti6dilment |
t he agkl RRYprof¥ing ShuntibdfteH 1 l?@ﬁ'Xn@%G%?JHe@{éf)osite%n-
bed in U ubl'I'catt on .

t hereof, as descri | S. Patent

- Douanbrs 27 E WAL with thel AR Hader reatbrnmant dhret Budppest Treatyiand were

20

25

30

SR AR i T MOAPSAL

binds to an N termnal e
0- any Aotilbdirs thadt descifeplie bihd taCityrmitad spictipesiodatdd inFuman -
[y .variant 12B4 anti bodi es .are, t hose having,

SR, Bd 30 B P P R e Rt e s 969.23,
?sdqzsmmsaidngummaahi No.reTH66180 Adkitled ‘&ﬂbﬁbcﬁﬁﬂl%gg&ﬁr FPL2B

ort S EQ LD ,NO 15 or SEQ ID NO 17 and a
RS e AR SRR EHieE PRI RS S0adiesies st ighopresent
niViefifonazh Yo SR60 &) GaSxaRble] Bikfreas aSFRN|. B MF 16 -ds
I\% %ﬁ or SEQ 1D NO 19. b;o Iy get anot her errb'oglsﬁjgn@fg? 9%
{49940 Rerdedl (R$-SH804):202818 (2902 D Ferikoveski et ay 4F. iBiott Chem.
bhenerfs748se ?ﬁﬁ)@ | G&fled & alJ( Son. RAE & b |
20050118651A1, LPS. Pat ent ( bha. S ﬁrb&&)))’ Bard
et al. (Nat. Med. 6(8):916-9 (2000)), and in International Patent Application No.
WO03015691 A2 entitled “Effecting rapid improvement of cognition in a subject having
Alzheimer's disease, Down's syndrome, cerebral amyloid angiopathy, or mild cognitive
impairment, comprises administering anti-A beta antibody”. Further description of
antibody fragments for use in the present invention can be found in, for example, Bales
et al. (Abstract P4-396, page S587, presented at Poster Session P4: Therapeutics and
Therapeutic Strategies-Therapeutic Strategies, Amyloid-Based) and Zameer et al.
(Abstract P4-420, page S593, presented at Poster Session P4: Therapeutics and

Therapeutic Strategies-Therapeutic Strategies, Amyloid-Based).
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Application Serial No. 11/303,478, Internationa

Pat ent Publication No. WO04/108895A2, and
International Patent Application Serial No.

PCT/ USO5/ 45614. 12A11 is a mAb that specifically
binds to an N-term nal epitopg |ocated in the human f
15 anyl oid peptide, specifically, residues 3-7. A cel

l ine producing the 12A11. nonocl onal antibody was
depos PEEbPdigstipr ushén T pEsem iMensorbrny BSrecddbRatinder t he

: u Treaty.and has deposit nunber
SRiBicOly bifucel PARS DL, G2 bl rikd e pe e b asopdsiant
kel buityre frocese nsing) for exanthisIem edis, kirghts sl IBBR.cgg cglls, NSO

=S the. variabl e region amno acid sequen
? égg?{h@g\gjﬁ ‘%Eb°ﬁ’|5¥ %‘5‘”&(& oblasis. ar BHEensils.cbh addisoy, antibodies with
oomqr m ¥ @ty tha Rétein RO ' I.d. sequences et .
Cor i e Sre o Rn R e Bt B g BB TR ERs 4B Septige
) CREie?Rlafeégcg thepresqn) 28entioEQI DpR4, enfbio@indat NG 2¥body is 2
BlrthdiZedMe | 0, .SEQ ID
NO. 31, SEclgaf%S Eg . 332& %"@53%&%%%%%“8“&%@%@ Moy
frscifiqeilz he homanize f'g' A8 pel\lﬁbiﬂ?DB abﬁbsci’éizr,i? %@%&%ﬂ%&ﬁcm{/
. . . L 40, or ! i 1 41. "I n ye
?ﬁgtu%ﬁ% Ngﬁ_b%eglglm%g%ﬁ,op%’ﬁgr RATPFotRIRafdEesidies g, located 1>1/1 the
blmlmb@@yxyloliﬂf l-a(t) val-¥2péptide }ﬁgjélg@% 8133& %ﬁﬁ%iiﬁ)ﬁ%"% éﬁ) rS
C : d 1.catl.on . Vo, J an nternatl on
%%%ﬂ% éﬁ%‘ﬁ“%?ﬁeﬁé?%gbéﬁkﬁmdﬁ disewe).s a mAb t hat
speci An exdnt hofsnik&d i JyMet:Y i | ed .
'p?%h Eﬂégawnar?s amy! oi d rﬁﬁeitpgg, spégfgihﬁ:l%%ﬁ‘ﬁ?gﬁévefS]‘Onz
@g dﬂ%e complatefmipq.pqid psqnencey ofdhe h36 2Hshaumtd Heg)chains
ict48 $rofefRe HIN.E 05. with the ATCC
g?ggr the. tern %‘qgfhﬁgp %ﬁgg‘g%%e%p?ﬁglgte%p%ﬁsdo%&Yo@WéﬂShown

BLE | §where sapsidipnarempDered starting wiet theNet, Be¥ninus of light and . -

- TELT RIS i B e KRR AR Tl S ehsos

rgprectiveler Heetlao aminoApil fesidid @Bod¥a by FRGHSA5.4BR60
L@ 1 A8t sy 1%%i fi tﬁal |y binds to an k?t er mgﬁgﬁ seql?e'ﬁ@e’
epi t'ope AP v Elﬁﬁﬁe"f?@‘éfﬁﬂncﬂfmlééﬂ andewithout
wishiog o babdupd ta B8ipdtRe12 théerydis/presBhn19 294 ing i
}%gpeggi n&& t h@ gpt i body nmy blg a 3A3§ant‘|£1%gg§]/me%mtraceuular

QEEFPH BY CHR ceflular prstgassst Thgsplors; thei GRONgermiiius3AHeA8D6v2
leeadly ¢hadireis opdidra0R GIAFP |GG i@ 1vsink S05/.45860. . 3A3
is a H%NJ t aggt specj ficall. éb_Hih“%ln 2 -"ts‘é‘e%‘éc S g observed
BETPBPEa BE lastaidsrivoskantibedies @d sloys mit dpreeploiisiBact their
faf@ionf(Hes (1955 8 ronr. 4 708 ' produci ng the
ant i bodi es (2_H35 an dh(;1 gﬁé N gTh éVY%i5[951‘9?42%5&%5%@@%@426%0%
translationally modified by addition of N-linked glycans to the Fc portion of heavy
chain, which is known to contain a single N-glycosylation consensus site. The N-
glycosylation site displays three major complex biantennary neutral oligosaccharide
structures commonly observed at the analogous N-glycosylation site of mammalian IgG
proteins.

Another exemplary humanized anti Ap peptide antibody is humanized 3D6

version 1 (hu3D6v1) having the sequence set forth in Figure 1 but foraD-> Y
substitution at position 1 of the light chain, a S=> A substitution at position 75 of the

heavy chain (position 74 by Kabat numbering), a T-> S substitution at position 78 of the
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10 nunbers PTA-7267 and PTA-7269 respectively, were
deposited on Decenber 13, 2005 wunder the terns of the
Budapest Treaty. In yet another enbodi nent, the

anti body. may be a 15Cl1 anti body or variant thereof,
as described in a U S. Patent plication No.

11/ 304,986 and I nternati onal Apat ent Appl i cation No.
hPCT/USO?%ﬁ5515 entitled "Humani zed Anti bodies that 15
BR¥ SR hoslon {7 mynkiabat qupberingcand 216 R1L subisttutiomipositiat 93
oS Bédviy GRdih YpdRitd 3919 K%b&t%%{b@hngc)ep! tope located in

t he human O-anyl oi d peptide, spetifically, residues
19-22. A cell line producing the 15Cl1 nonocl ona

anti ' i.f h.the AT on.Decenber 13,
2005 o e RE b ot Or b0 Bre e BRic 9 Bgonegorived
bywppef the fullgmg Bﬂ'a?p’léy The Enamplgs gﬁ@ﬂaﬁg bgmgg,if gﬁg&aﬁm and

ti-body,.may be a 266 anti body as described in 20
oty At BicE

i cati on No. 20050249725A1, and
I nt e_rnati onal Patent Publication No. W01/ 62801A2.

mAb that specifically binds to a central
E%gﬁ@&?@i ocated in the human 0-anyl oid peptide,
specTHd feRbwitie ckfshiAUES - . J_1ine producing
the 266 rm_nggl f_ﬁ% an?#%gag;f/br\}\g%&g!é% sdlr?oésﬁgoc\’ﬂ%('h t he
Exerepdesgie pignided gsing yovdiffensatranting trenosomd antibodicB\Stagpsiate
sit number PTA-6123. 25 Exenpl ary
exefifils Ao e R e SR codrnlion R astioat enamphty

regnovelnani zed |ight chain conprising variable region
amno acid sequences set forth as. SEQ ID NGO 42 or SEQ
I D NO 44 and a hunmari zed heavy chain conprising:

‘Masriabldnd M&kpdn am no acid sequences set forth as SEQ

IDNg 43 or SEQ I D NO 45. Qther exenplary variant 266
© ant i B&EREL; BearachHend therressgt inventionmpidys, unfeshothemiged -
indiceted, cohvnBofdl R aniahd .forth as .SE

s, oo g s O SAEOE Sl B bl e Buimaob s
teghnolagy iypnungloggieyppdirlNOr. 4.7 ImiSundgletadin asthnalogy) hediseS dard

| ' .S Patent. Puplication No.
BB s SURPERER e L, Stromdl Rl med Mmn Moo
Claging: Q¢ld Sp6as H:mz; Létdratony ng (msy;tpaﬁibaagbmgme%ﬂﬁg pltc,]lc&fcols
' a.2B [ or variant thereof,
ORI BIEURART B S Ol e 2L D6 Ratody
Edginesfibg:30 Praatichl WpheacaPrened ApBasaeRbeiRP] dos ald :
hf%b%@?%gh 890, ent o A 6 Antibodi Aapldoh Al Qltell: e,
fi4 -ahpratorydManual; Harlgwie? eh43.S Side dirésscRubl y
(1b99gSurkent Rr36dtld A MARIIL BSo ' S
-%ﬁrtél oi d E)epti de, specifi é%%ﬁ@?@%gé@g&%?ﬁ]&ﬂﬁyﬂqyn& Sons
(1§ ; H5EHE L e FiStin %’éwg,ontaﬁ\éwm iPbdusy/. Gham. T 1207LC212 (2001);
Kidphl PRI GonherBiali#dl a8 Emerging Lab-on-a-Chip Applications; In:
Proceedings of the uTAS 2001 Symposium, Ramsey, JM. & van den Berg, A., 7-10
(2001); and Mhatre et al., Strategies for locating disulfide bonds in a monoclonal

antibody via mass spectrometry, Rapid Commun.Mass Spectrom, 13 (24) 2503-2510
(1999).

Production of Tareer Antibody

The target antibody can be produced, e.g., using a recombinant mammalian cell

line grown in suspension culture. Conditioned medium containing the antibody of
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t hereof, as described in a U S. Patent Application No.

11/ 305,899 and International Patent Application No.

PCT/ US05/ 45860 entitled "Aj 3 Anti bodies for Use in
mproving Cognition". | .C2 is a mAb that

specifically binds to a centr epitope located in the

10 human (3-anyl oi d pepti de, gpeci fically, residues

16-23. In yet another enbodi ment, the anti body may be
dntorest ig B@nelﬁjfd%ﬂp agroductiat bismehctod, hﬁfe&éﬁ‘ulﬁn@%r&’cﬁ%%b?ﬁg hidr¥ested

t. 11/ 304, 986
qﬁ? Slraﬁg%ﬁ?g“&% I g°?i’f‘5tgglﬂ'%)‘?aé‘8? StemsuRy as, ﬁ@mm%/enﬁﬁw(

gﬁa.smﬁammﬁm@dw.a nSMeskdn & ﬂ%w ent r al
i t ope | ocat ed Pn t he t?un{a%%ﬁ%l aﬁgé o¥8a F%‘@‘andozz pm
gﬁ % cally, residues 16-21: 15. CeII I|nes produci ng
the anti bodies 2B1, 1C2 and 93 were deposited on
verrber 1 2005. with the ATCC under the terms of the
= i Traxgatingpody wer e assi gned accessi on nunbers
PTA- 7202purRAioh:? 20 sk espect i vel
A% ]30d|%s t hat s&gm ?et ﬁ’c a}?{a{"?‘ﬁ X?IEPlfﬁeﬁé‘Frem (AAB or
Ec ng’s@latmf sendere Pﬁthh tﬁr@mhalecuﬂayxh ot Bifinfp %:hrlgﬂﬁto%’é%y
[ ut are no Im
T‘Hls cdﬁglgtsb?%%bﬁ\le?rp A S?C rhabog rf%st@kgv PFﬁgillé AtSerlarose™ Fast Flow,
81 fﬂebSei@oPm@mAt Tescresidsriien|voishdd a8 GéscHRdYordch @fhne be experiments

SREGE biodudi @ g‘ted@mﬁéﬂgf{eﬂ%ﬂg%%wyel urther description

anti bodies for use I'n i nventi on can be
found in, for exanple, Bussiere et al., (Am J.

Hg&mg,, A gg,)ﬂ: 7-95 (2004)) Bard et al. (PNAS
(1?.121)1 3)%1,565%250&%0 et al. (J Bi ol .
Chem YT seI P14
Bt il 92020480 (2000)) 1éséfurol Bltcthe “‘%ﬁg{wﬂ%
o( %’ b")“}‘ pies| ﬁtzérﬁxahlmom &hrdagt @graphy
K381-HPALC) oas N@:d to m&ﬁﬂ;&tﬁgﬂeﬁ@exﬁ% otfhﬁ:q%méfl{ }%ﬁ{e\lﬂ %bonomenc

ovenment of_cognition T a ec
e PG R B iR g ey meiesmior wokhHBMAY) sysien ¢
BRSO RGPyt TRALLEIY . SOTRLLSCS, o

anti - A beta anti

rin
@gg%:}:il’lﬁ’flg%B@fded SHPBhensgies H@mpiﬁss Tﬁ@Tev&ls 6f HOP il he test
BaIe fou for exanple, Bales
30 et méelrz? Hé(&%gftléa}g nﬁ%ﬂ%@@? E“gﬁ‘sggg%‘iﬂ"sﬁﬁbé@éﬁ%a@&EblSA).

Poster Session P4: Therapeutics and Therapeutic
St rat e<I31| es- Ther apeut| c Strategies, Anyloid-Based) and
agsays: IRT &AUE ract P4 420, page S593, presented

E& PSQ§ hs eutlcs and Therapeutic
Stvreat etéjlﬁese%ﬁer peuji}Z egl es, Anyl oi d-Based). 43

Ant i ﬁamlﬁé}?bﬁ W.tseomdmdehlas ﬂﬂl@w@nmmmﬁg%du%% B agh le
&/ﬁsgﬁ% Nty or . synt él cal |y produced. For exanpier
VX ' dredd Wlaﬂmmmmmﬁaﬁ de])TT

tati
Ay’ gllelwgsr pHgﬁE%ﬁeélG lz{',fin&g)ealtlsﬁﬁt r@&ﬂ%&mﬂg&% ﬁle presénce of 5.5 mM

10Ioacet1c acid. Following reduction and a]kylatlon all samples were quenched with 5

plof I M DTT. The limit of quantification for this assay is 0.5%. Approximately 40 ng

of each reduced, alkylated sample was injected onto 2 POROS R1/H RP-HPLC column
and run for 70 min under the following conditions:

Column: Poros R1/H RP-HPLC
Column Temp: 50 °C;
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cells, VERO cells, chick enbryo fibroblasts, or BHK
cells. In addition, antibodies with 5 m nor

nodi fications that retain the primary functiona
property of binding A(3 peptide are contenplated by
the present invention. In a g%rticular enbodi nent, the
antibody is a humani zed anti “A(3 peptide 3D6 anti body
that selectively binds AO peptide. Mire specifically,
t he HJobild Piase ANO.1%ATDepl) tewadl anti body i s designed
to specjficall bind to an, NH2-term nal epitope, for
exan‘gﬁ@%"fle‘aﬁba‘ﬁ%ﬁé{bi% T (wuein S wacetogiirteed in the 10
humaneBwaa! 0H im0 or 1-42 peptide found in plaque
deposits in the brain (for exanple, in patients

suf f elPeteRiion; BMnm zhei ner' s di sease). An exenpl ary

huma '&?ﬁmﬁp | peptide antibody is humani zed 3D6
versﬂ%n (ngéég?. The conpl ete am no aci d sequences
of t HejdeB&%6 T2iplicaghéf 40nek deAVY chains predicted from

t he DNA sequences of the correspondi ng expression
vectors are shown 15 in Figure 1 (where the residues
PhegradiRamned wikadstistd MTABIIENE NH2-termi nus of i ght
and heavy chains as residue nunber 1) and in SEQ ID
NO | and SEQ ID NO 2, respectively. The |last am no

aci d 1 esi dpgeneorptb iAo IRPUPLEGA RN Sequence,

Lys449, has not been observed in ure, secreted
form of N3DGrAdiemdTino t hput o4 ghi ngl to be,lpound fo
any part jresar—theory—is—presuymabl yl removed duri hg

i ntracel [ul ar ZBJprocess ng b?SCHO cel | ul a® prot egses.
Theref or ¢, The GOOFFTern nus g, t e i3D6v2yteav
chain isjoptionally G Y448. term nal ?ysine
processi ig has ©Bden obsefved 60n recpbnbi nasd and

pl asma- dgrtved-antiboties—and_goes—rpt—appgar—t-o

i npact their ?i%Z?ion (Harrrgg(1995 J. Cﬁronato;L

A. 705:129-134). Puritfre 3DoVZ TS post -

translationally nodified by addition of N Iinked

P EEHL G Bdnglysisi on of heavy 25 chain, which is
kno tad ingle l.yc | ati.on_consensu
R T .
t i denatyiing) BEG assay invelves akeagtritiyampie edigtuieds final concentrations

AR B B bS8
ARe18ewere el ARY- TR0 infifcteSRhile tﬁ(x%xégelﬁiﬁhgﬁj frvBRidnb 88Yihis

is humani zed 3D6 30 version 1 (hu3 aving the
3aY évve eomfes Frp pmployef Pjafjowe bradketing offURB [pvels. ¥hternal

sdbrshdek Wk L %Eﬁg the light chain, a S- A
S u%gtdlet utﬂlhgé}v g[%d lg%g }e%!ﬂg %f of 't ﬁ%ed %égwq% hai n
osition 74 by Kabat nunbering), a T- S substitution

(p y g
at pogition 78 of, the 44 .heavy chain (position 77 by
Kabat éhrl? %golgf WY Asseop -onﬁwg%fkﬁ ?‘ﬁi%l on at position
93

Column: Tosoh BioSep G3000 SWxl

Column Temp: Ambient

Mobile Phase: 3 M Guanidine HCl, 25 mM NaPQy,, pH 6.8

Gradient: Isocratic

Flow rate: 0.5 mL/min
Detection: 280 nm



of the heavy chain (position 89 by Kabat nunbering),
Vari ous aspects and enbodi nents of the present
invention are further described 5 by way of the
foll ow ng Exanpl es. The Exanples are offered by way of
illustration and not by way l'imtation. EXAMPLES
The follomﬁng exanpl es are oft'ered for illustrative
purpg&g- ﬁ¥ 10 Exanpl es are provided using two

di ff 0 miggtesonocl onal anti bodi es. Si x separate

expeqﬁgaQ&sT ﬁm&%& d@sd gach representing a

conbi nat1 on o ant’l inmpurity renoval.
Materials and Methods 15 1In general; the practice of
the present invention enploys, unl ess ot herw se

d nt i hni s of chem stry,
E)ﬂQM@E - CpftBaidih of W f—%&@%ﬁdﬂﬂ&@hnol ogy,

|nnunology (espeC|aIIy, e.g.; inmmunogl obulin
and standard  techniques in

chnol o _
eﬁ'éc?xiag'ﬁ% imRure soleam coptaping "Bﬁh@?—é@l@nonéplonslcahtim&yAAB

vwda pufifiecshy MabB6
La%or at oryy PrlgsgIIL ?ﬂf%gr&ahm@??%%m’éﬁ’g‘[ @gla}% wash with a

“Fﬂﬁlbb'bf&slcgntmcmmh, Mg}, 2l af pBp AR Yco1.510,
Paul , S., Humana Pr (1996); Antibody Engineering: A
Practical Approach (Practical Approach Series, 169),

Tioe cultrire panfainifg the mdmdcloﬁal a&xﬁ?&ﬁrl)was@ghgb@ﬂﬂ safll sbale uSl%%’l rmp
ow et a . Press

S b S TGS B4 e 0Bi<iaipai CFiot By AJCEA FPLC

cl%bbﬁﬁtl%kapﬁ? shem. PRI i LGy, %te%ﬁ%eplgaﬂns&%) F%ﬁg@gggr%}) hy

Protein Sizing on a croc

Sthfoéiesi@FQ iy expRimentk; tharfalipvieg cammuoﬁavﬁﬁeﬁséd AH%65tcA e
Lications; In: Proceedings
of the ?‘Tdkg%gﬁ%%@sf&o%‘ tﬁ&??sey J.M & van den

Berg, A, 7-10 (2001); and Miatre et al., Strategies

ul fi e bonds in a nonocl onal- anti body
Cf?l a rr‘gglgﬁsprg Jri ‘F%pl d Commun. Mass Spectrom 13

CXpM)lOI%ﬂBW&EIeLQSO(cﬁﬂQQ) 30 Production of Tar'et
T?(Q et _anti body can be produced, e.g.,
?Pa‘ﬁ%m?l AP &1 (5 colume phowes) i n

FBJdBpQOSﬁMFrrﬁUHMﬁMNSéI s ontaining the
V‘{a;qngl body.of 45 interes |sqggglg¥£glsje¥ ﬁ a production

! ea¥itipble (Ppe Tatle 2) exceny fmﬁhtwmayhdamohem est ed
Wash 2 - 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)

Wash 3 - 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)
Elution ~ 50 mM Glycine, 75 mM NaCl, PH 3.1 (6 column volumes)
Strip 1 ~20 mM Sodium Citrate, pH 2.7 (5 column volumes)

Strip 2 — 6 M Guanidine HCI (2 column volumes)

Strip wash — 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Storage — 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

Eam&l.

The rmp Protein A Sepahrose™ FF column runs were equilibrated with 5 colurmn
volumes of 20 mM Tris, 150 mM NaCl, pH 7.5. The column was loaded at

approximately 10 mg product/mL resin. Loading was followed by a 1 column volume
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and clarified with any appropriate clarification step
such as, for exanple, either mcrofiltration and 0. 22
gmfiltration or centrifugation, or pad filtration and
0.22 gm filtration. 5 Purification of Target Antibody
The purification of the targef, nonocl onal antibodies
exenplified herein (AAB or All) consists of capture
of the target nolecule on protein A affinity
dhstowith egnhkn’a‘gton bﬁlffdr ancRE1EAA YoRined bf WhSR IRABhNAN Wash 1
Eq@aP TM Fast, \¥ Protei n A Sephar oseTM Fast

Totash arg gy %‘F tTapiedy WashA wastnclndediin all sunslereept for run

was Wagh amd@&fdwea sf ,mgpm,g@
kr? pr oduct el ut eggan‘%[teste %or mpu?ﬁ-{ypﬁﬁgag?l’%”and
gt whygpesaflgeaM Anisi Hodll ReUkpHE(. PiirsordBlogal antibody was

t | RT, 15

O e R O oM BRE B P e oo

msag thes ineutralizedivel 81 axitiy2 I\/I]S"stfpﬂ 8Bl Ghe ‘dﬁgltng§ﬁlgrettﬁen stripped,
n e o0 noneri c r |

G s M R eV —

pidectpoals fiomi thie tvafiduviinsS DEGINBSum cBRRAL Md J&Qmﬁggﬁltﬁ&&vashes

arried out to determne the r trve

5%&%@%#50 nd MY Preies- Bonded (UDB) species in
sanples. The levels of HCP in the test 20 sanples were
eEerm ned usi hg an Enzyme-Li nked i nmunosor bant assay
gpleZaAJRT %‘FaIIM&' YaluenfeKarious¥Wash UBBffetever sed- Phase

HPLC ( AAB | RTAnal ysis) The RP-HPLC was conducted as

llows Disulfide reduction of each sanple 25 was

pBradr fred by i ncubat iCendition40 C for 60 mne % IRT
presengce of 2.5 mM DIT. Al kylation was per ormsd by

i nduba[]onmole(Nor\U@mn)en'perature In the pre

. 5. %.5
Ancot Enl!nmnnn reducti on land

;IWigyI a p‘%ﬁo%‘fl?nescgﬁfﬂlégiﬁre guenched wi tih 54 7 01 12M

5% lApproxi nately 4 r'educe

DTT s gy =
3 & mNI Mids, ?bNﬂ gﬁés{u'npéhlpﬁ %8#75 §| ky at éd

sarfpl e5Q/a§\4|Tm]Se%$ M:lMagn&smm Criotite, BH 15 RP- HPL@scol Im 1 3

2 0—arrd ot eer—t-he fnllnmnn conditions:
Colsf]lnnSb%}M&ceﬁF/ﬁo% @%ﬁ@}ﬂﬁldm%“so C0946 | 08

Mol | ef5Plad arif; 4.0 M SbdiinA ChWnéak, pin; ¥at er 4.4 2.5
7 {50 mM Tris, 2.0 M Calcium Chloride, pE 7.5 1.8 1.4
8 |50 mM Tris, 2.5 M Calcium Chloride, pH 7.5 0.8 0.8

The results showed that the magnesium chloride and calcium chloride washes reduced

levels of IRT and LMW species, whereas the sodium chloride and propylene glycol
washes did not reduce IRT or LMW species.

EXAMPLE 2: Protein A Chromatography with CaCl, wash for IRT removal

In this example, a larger scale antibody purification was carried out using Protein A

chromatography with a CaCl, wash to remove IRT species.
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Mobi | e Phase B: 0.1% TFA (wv) in 95% acetonitrile;
Flow rate: 1.0 nL/mn Detection: 217 nm5 Run Tine: 70
mnutes Injection: Triplicate of 40 g each The

gradient times were as listed in TABLE 1. 10 Table 1
Gradient tinmes for RP-HPLC nethod Gadient Time %A %
B 0-1955 2 70 30 54 60 4% 55.1-70 95 5 dSEC HPLC
(AAB UDB Anal ysis) Denaturing SEC HPLC vvas conduct ed

e S
T S e L sy

abpeleg! Protgich Relnmni(® sl cpBnested10@ I\glhppredt-hmmm 450n, 3

s, at a e
sanpl es \%? JE at @ qgf)b?\é# or wﬁﬁerﬁ’ﬁ{fglgn 'S|d85°HP§$Pf§°W-
ﬁm@menﬂws+mncmﬁdschhl S assay, tvvlo colntrolI St are I

a of UDB | evels. Interna
%je@iea%%%(%’w a{ —O]I\/gg\kfﬂgi?‘fdg% “d?ﬁ’?evel s of UDB were used
Eguilibration 1 s- 202GMChis) 150 QY KpOI, §HASS %oﬁxﬁ‘ﬁﬂ&lﬁrﬁ&? uWer e

?&%"'M@I&ﬂ %&W&ﬁﬂé"h 3 Ose%&mﬂ(@gwg%la 25 m\/|

$Hnf t
L"i’iﬁaﬁ’?n Dot bens ond a0k BTV PR phEnb bl A o °

WasB2tt PraMrEsip Lo NeTH 7.6 19 cejpms v&wtmal_E 1:
Soasnarl apNPTrid s BB ot 1,975 biflmh GRYEY 1 LNES

exanpl e, an i npure sol ut’i'on 28 al ni ng sQantl-A(:%
ﬂiﬁ@@l—oﬂ)ahl\/faﬁb’pbm WBNaCl, pH 3.1 (6 column volumes)

Strip 1 — 50 mM Glycine, 0.5 M NaCl, pH 2.7 (5 column volumes)
Strip 2 — 6 M Guanidine HCI (2 column volumes).
Strip wash ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)

Storage — 16% Ethanol (5 column volumes)

Run temperature: 2-8°C

The MabSelect Protein A column was equilibrate& with 5 column volumes of 20 mM
Tﬁé, 150 mM NaCl, pH 7.5. The columns were then loaded at approximately 10 mg
product/mL resin. This was followed by a 2 column volume flush with equilibration
buffer and 5 column volumes of wash 1 solution. This wash 1 solution consisted of 50
mM Tris, 2.0 M CaCl,, pH 7.5 for run 1, while it was left out entirely for run 2. Wash 1
was then followed by 5 column volumes of 50 mM Tris, 1.0 M NaCl,pH 7.5 and 5
column volumes of 10 mM Tris, 75 mM NaCl, pH 7.5. The monoclonal antibody was
eluted from the MabSelect Protein A column with 50 mM Glycine, 25 mM NaCl, pH
3.1. The product pool was then neutralized to 7.8-8.2 with 2 M Tris pH 8.5. The

columns were then stripped, washed and stored. The results are shown in Table 3.

Table 3: % IRT levels in pilot-scale runs with and without calcium chloride wash

Run # Wash 1 Buffer % IRT
1 50 mM Tris, 2 M CaCl,, pH 7.5 0.8
2 Control (None) 1.9
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was purified by adsorption onto a Protein A colum
followed by a first wash with a wash buffer

contai ning either CaCl2i Myd 2, NaC or propyl ene

gl ycol. 10 The cul ture containing the nonocl ona

anti body was purified at small, scale using an rnp
Protein A SepharoseTM FF col (8.9 nL) connected to
a CE Healthcare AKTA FPLC chronat ography system For
all the rnp Protein A SepharoseTM FF chromat ogr aphy

the foll ow ng
RS AEh R 5?1‘8%(&6%8’@‘9&59% ghigride Washysmened IRT fin the
ipnetiuet mhohl experinental descriptions). Colum

dimensions - 1.0 cmx 11.4 cm Operational flow rate -
150 cm hr Equilibration 1 - 20 MM Tris, 150 nM Nad ,

BXAMBLES: qJNAmem\aoA]unes) 20 Flush - 20 M Tris, 150
nM NaCl , pH colum volune) Wash | - Variable

( See Table 2) except for run #1, which had no wash 1

Bhahs &amp?eothg%ﬂ_w ocf ‘a éﬁqﬁ;r%mg.?%n hRﬂéleﬁ %ﬁﬂglﬁggp a(p,reparation

vol unes)

eemtalmmg\ﬁhﬁ AABsn)onOE]oualuannbodySﬁ)asreMﬁny@l ne, 75 nM Nad ,
pH 3.1 (6 colum volunmes) 25 Strip 1- 20 nM Sodium
Ctrate, pH 2.7 (5 colum volunes) Strip 2 -

Gha nlllldlrﬂeodﬂﬁlung ﬂleﬁmimtihnasmhtsiml)wﬁbﬁhﬁelcdf\ﬁ all s%@ M&
Mdf%@eé%o%tﬁ%ﬁ %‘g% mnﬁ‘} ?ﬂnaﬁ%% tganﬁﬁ/%eﬁgimwm FPLgC
8hromh® gtaphy EYsthe The"ll’n%@ WS%QMSEE&& ?érgcgnmﬁa/gga?smggbe? blow.

equilibrated with 5 colum vol unes o
nM NaCl, pH 7.5. The colum was | oaded at

&Enmﬁ&hﬁ@ﬁﬁ&ﬁ_ﬁplagxgmquct/nL resin. Loading was
followed by a 1 colum volunme 48 flush wth

Operationsd Hev a#te b3PP em/land 5 col urm vol umes of wash 1

Al n st ed are outlined in
Bl 1 220 ¥ e s o 555 Fmescbeps 1or
Flugh ~ 20 mM\Esis, mom Namjpmed (DMolﬁmﬁQbM%s)Vol umes of 20
and 7 columm vol unes of
%45% %r i'S, m&@gﬂ Rﬁ-ﬁ? (8 colyma vatwmss) (cR@aB 2 and 3 only)
a\mshbe@pnmsrrﬁ ebMBﬁcf &:Hm;tsec ) M4 3 oni
y)
a5 %0 ikt THe PEGM NaCL oY 5 (T7hc%111'52111(0381\;)%esEgR

Elution — 50 mM Glycine, 75 mM NaCl, pH 3.0 (6 column volumes)
Strip — 50 mM Glycine, 0.5 M NaCl, PH 2.7 (5 column volumes)
Strip wash ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Storage — 16% Ethanol (5 column volumes)

Run temperature: 18-24°C

The MabSelect Protein A column runs were equilibrated with 5 column volumes of 20
mM Tris, 150 mM NaCl, pH 7.5. The columns were then loaded at a load of
approximately 40 mg product/mL resin. This was followed by a 2 colummn volume flush
with equilibration buffer. For runs 2 and 3, this step was followed by 5 column volumes
of Wash 1 solution. Forruns 1 and 3, 5 column volumes of Wash 2 solution was used.
All 3 runs employed 7 column volumes of Wash 3 solution. The monoclonal antibody

was eluted off the MabSelect Protein A column with 50 mM Glycine, 75 mM NaCl, pH
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was then neutralized to 7.9-8.1 with 2 MTris pH 8.5.
The columms were then stripped, washed and stored.
Table 2 lists the levels of the IRT species & LMN
present in the product pools fromthe various runs.
Magnesi um chl ori de and cal ci chl ori de washes

reduced levels of IRT and L species. 10 Table 2: IRT
and LMW Val ues for Various Wash 1 Buffers Run #

Sondhé p:@&uéYq;bMMéKOtlheﬂ'Eleu&alﬁi@@EJ’pb s(mtﬂ\m Th pA-8%. ZriR 2
20% Propyl ene 3 ycol, pH 7. mg/l Tris,

eolgm Vet hed stripPesh ashggleand ﬁﬂqrerl éfhf r@uhts ge shommmble 4.
Tris, 2.5 M Magnesium Chloride, pH 7.5 1.5 1.3 5 50
nM Acetate, 2.0 M Magnesium Chloride, pH 4.5 0.9 0.8
Fablg 4 DNFy removal Githicastiinuchi@tilewasie, pH 7.5 4.4 2.5 7
50 MM Tris, 2.0 MCalcium Chloride, pH 7.5 1.8 1.4 8

RanHM Tris, ZvispM Cal ci unj Chl ori deyash 7- 5 0. 8] Héa T'BNA
resulfts showed that t he npgnesi um chl ori de and(ﬁ?b&)mm)

valcec af | DT

s; Z;;uc e sod ﬁfﬂ%ﬁﬁﬁ?ﬁ’éé’lmlﬁ%ﬁé ehé | 037

glyccojommkegmmc Hrepuce TRT RppdWVSPECTES
EXAMPIE 2 Protein ROBChr t ography V\Ilé-th Cad 2 vvgs?h 0.09

fob IITRMMeknisyaM CaChrpH WDE’ZOGRM‘F{II@J M Nagt, ¥ 7. Scabgs 0.03

antTpody purificatiomwas carrted—out—ustng—rotetn
chromat ography with a CaCl2 wash to renove | RT
Fhersdts.shevded ﬂﬁhtethc:addmtm&)fdo AN Tiis @) 0 M) aleiemabloRidal pH 7.5,

ant i ied a | ot scale usin

AR Y ot st e iiopRE A St CormeDNach m e yash
Mlhtho:pore K-Prinme 400 chromatography system The two
MabSel ect runs were performed as described bel ow.
Col um di nensions - 13 cmx 18 cm5 Operational flow

EXAMVPLH S GBI Pro?dll Reol1 Equi libration 1 - 20 nM

Tris, 150 MM Nad, pH 7.5 (5 colum volunes) Flush -
20 MM Tris, 150 nMI\IaCl pH 7.5 (2 col um vol unes)

0 r run
U1 o0, A 8 T s 8 i
piis 7o Which varidud Wasly edrditizmy were tested for the ability to remove host cell
proteins (HCP).

A high throughput screen (HTS) in a 96-well filter plate format was performed to
identify the best wash conditions for removal of impurities such as HCP for the
MabSelect step. This screen varied the wash excipients, excipient concentration, and pH

to determine their effect on process related impurities such as HCP.

The MabSelect resin was equilibrated using 5 mM Tris, 10 mM NaCl, pH 7.3 and
loaded with product in a column. The resin was then unpacked, mixed and 50 pL of
resin was distributed to each well of a 96 well filter plate. The resin in each well was
equilibrated in solution of 5 mM Tris, 10 mM NaCl, pH 7.3, and then washed with each
of the various excipient wash solutions in 3 stages, each using 300 pL of wash buffer.
After the excipient wash, a second wash with 5 mM Tris, 10 mM NaCl, pH 7.3 buffer

was performed in 4 stages of 300 pL each. The product was then eluted from the resin




10 Wwash 3 - 10 MM Tris, 75 mM Nadl, pH 7.5 (5 colum
volumes) Elution - 50 MM @ ycine, 25 nMNaCl, pH 3.1
(6 colum volunes) Strip 1 - 50 MM dycine, 0.5 M
NaCl, pH 2.7 (5 colum volunmes) Strip 2 - 6 M
Guani dine HO (2 colum vol ung,%):. Strip wash - 20 nmM
Tris, 150 MM Nadl, pH 7.5 (5 | um vol unes) 15
Storage - 16% Et hanol (5 col umm vol unes) Run
nIPRIALEIR ni2eRE EOS bBhAe$ AHID. Yas
equi |1 br at(g}du I\JME%%% ;E-hglgf{gﬁg&lvlg ljirrzg‘gajg? bl%éﬁi/?“#ﬁt%%ig&]?
kXelddaCl , pH 7.5. The colums were then | oaded at
approximately 10 ng 20 product/niL resin. This was
followed by a 2 colum volunme flush with equilibration
Resfid ¥pluated- 50 gol uim vol unmes of wash 1 solution. This
sh_1 solution consisted of 50 MM Tris, 2.0 M CaCl2,
%S‘?E@Pl&ﬂs reyeditm Gipride, Calojie Chistide,ddagnesitinGhloridepr

i JoMaLS I |
Bt Qonsshiaiol 51l 38, 566, 106 1BY, apa B0 Ry 01 e
SoRipPHof 606 @M Tris, 75 nM NaCl, pH 7.5. The

' |t fr MabSel ect
FRAGEBARG 3 Gl D o VAl 3 02 M R0 vac,
i th 3N T e e 8 50 &M Gycinci 100
Wi ri.s . e s were then stripped,
washed and s%ﬁﬁ’%éh@gdw%%wwml@gg@100
Tabl e 3: % IVl Agitehes 100mM Natt pead.@ runs with and

ﬁnthout cal ci um chl oride wash Run # Wash 1 Buffer %
WriempeRBIre8EA’S, 2 M CcaCl2, pH 7.5 0.8 2 Control
(None) 1.9 50 The results showed that at pilot scale
t he cal cium chloride wash renoved IRT fromthe
Phegeidts appodownsn EsbinPeml BablORA Renoval In this
exanple, the ability of a Call 2 wash to renove host
cell DNA froma preparation containing the AAB
Tehlo 5t o B P valuesfod MabSsleetrasinveshed Rith Redia b dhidride,
cont ai neslgiunhehlonide ok arghesimin chdidewdpHNgIo i f i ed at
smal |l scale using a MbSelect Protein A colum (19
l_laa! thecare AKTA _EPLC

AN S~

A + o
oy—Cormette

chr omat ogr aphyﬁé%%gl‘f em_ Y8t hrde MabhSel S¥ash Exnipiont o
PEhitionBgfes (deSCr| redE’Efén’léw ColNafd di imen€aGhs | 1MgClL
cm x 20 cm Conc. Conc. HC
@M) | (mM) P (ppm)
50 mM Glycine 100 46,800 28,500 30,800
25 mM HEPES 250 35,300 17,900 22,000
100 mM Arginine 10 500 40,900 17,700 18,400
50 mM Glycine 1000 34,300 12,600 14,200
25 mM HEPES 1500 37,000 7,800 10,700
100 mM Arginine 2000 43,900 5,800 9,300




15 OQperational flowrate - 300 cm hr Equilibration 1 -
20 MM Tris, 150 mM NaCl, pH 7.5 (5 col um vol unes)
Flush - 20 nM Tris, 150 nM NaCl, pH 7.5 (2 colum

vol unes) Wash 1 - 50 MM Tris, 2.0 M CaCl2, pH 7.5 (5
col um volunes) (Runs 2 and 3_only) Wash 2 - 20 nM
Tris, 1.0 MNad, pH 7.5 (5 col um’ vol unes) (Runs 1
and 3 only) 20 Wash 3 - 10 nM Tris, 75 mM Nadl, pH

Table(67 COI TP ViRleY FISVMaBBeI6dtBsin wabhdahEh YEdifhR, chlor i
Nadl, pH 30 h@o 7y Ge PH&QH :SY ﬁhlém(?ﬁﬁ:; e 1%chz)§lda\4alcmm

d yci ne, M RadCl col timm Vol umes) Strip
wash - 90 m\/ITrls ’50 m\/INaCI. pH 7.5 (5 col um
vol unes) St orBlyéion | 16%WEashanol| (5 col unWaskExeipght 25
Rt t ur Nadl8+ 24ExdipienabSel Re€1 Pr ot eicach COl UNieCl,
runs were equj iGoacated Wionb. 5 dol urm vol umes of 20 \/F
Tris, 150 , |pPH (md) Thg col ums
| 6odnd Cﬁj’rcm’;b I oad of | appiexi mat[el p74domo| pr e
resin Th § s fol lLowed h\/ a2 colum v Iu?rggg(? usih 3Zd’SOO
H‘I\gﬁﬂ’ H bratl on buffe?30 For |ruR4.780 ang 316,6903 st e8,200
Wes niMTAGWRE Py 5 corumsypiumgs &S oft:
or_runs-1 and $po 5|col un%(onl Une 2% 596 oh 9"@4 nl7300
wae mM édycineAl | 3 runms emm)IOOyed 7 GOJIO(m /ol waeso Of [ 17,700
VWIS iT73 gtton. The—+on orat—anti-hedy—was—el utied
o??ﬁflﬂe WhElkg)Sel ect Pr otellﬁ‘0 collum PP h’ 60 kP ydi nel2,500
AB0 W MagininepH 51 8. 0. 20boe Dr&duqtl 7890 Wass,éc@e” 11,700
“fn7'-'\ﬂﬂwifh7 Tris pH 8.5 "The ’

columms were then stripped, washed and stored. The
T8RS Hishits sBbRedih ! eyl

Wi_t hscal ci uer:n cﬁe,‘%rﬂli 5{{1\,!9 Ej %Tg %ﬁu&l%@%ieiedﬂmme level
PRACP (imy g}emlng@}gptmeak nocm@nmp(h@rbtu godiun &loridelal pi$,0 (Tablke 5)

MHH R .37 250 MM Tris, 2 MCaCl2, pH 7.5
8 ng%blggf’l 3 50 MM Tri s, 2 MCaCl2i pH 7.5 20 mM
TI‘IS, 1 M Nad, pH7503003 5 The results showed

2.0 .M cal cium
EGESAYDEY r educt i on

in the wash sol ution.

of DNA corrpared to usi ng NaCI

In this example, the ability of the CaCl, wash to remove under disulfide bonded species
(UDB) was examined.

Two rmp Protein A Sepharose™ FF runs were performed essentially as described in

example 1.

Column dimensions ~ 1.0 cm x 11.4 cm

Operational flow rate — 150 cm/hr

Equilibration 1 ~ 20 mM Tris, 150 mM NaCl, pH 7.5 (5 column volumes)
Flush — 20 mM Tris, 150 mM NaCl, pH 7.5 (1 column volume)

Wash 1 - 50 mM Acetate, 2.0 M CaCl,, pH 5.0 for Run 1; None for Run 2
Wash 2 — 20 mM Tris, 1.0 M NaCl, pH 7.5 (5 column volumes)

Wash 3 — 10 mM Tris, 75 mM NaCl, pH 7.5 (7 column volumes)

Elution — 50 mM Glycine, 75 mM NaCl, pH 3.1 (6 column volumes)
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10 EXAMPLE 4: Host Cell Protein Renoval In this
exanpl e, a second anti-An nonocl onal antibody, 12A11,
was used in purification runs in which various wash
conditions were tested for the ability to renove host
cell proteins (HCP). 15 A hl%h t hr oughput screen
(HTS) in a 96-well filter plate format was perforned
to identify the best wash conditions for renoval of
vampizoinaﬁ%dﬁimeﬂratdc&mor(stdaﬁmﬂ\ﬂbﬁﬁés}ct step. This

en varied.t sh, exci S, excipient
rﬁl}dg'.gqagﬁim gﬁgl\l\@l—clompﬁl"@ ﬁn ne their effect on

szﬁg RS- L@ THs, 113D %MtNa@% p‘m ;] é?éolﬁﬁﬁ voRhedne.
Select resin was equilibrated using 5 nM'Tris, 10

Sfﬂna&hﬂM%;ﬁﬂlamB@aﬁalmn%@’é%ﬁ)wth product in a col um.
ﬂ'ﬁlete S en unpacked, m xed and 50 L of resin
was 'ute to each well of a 96 well filter
plate The resin in each well was equilibrated in

| Ut n of ggg}{lmigbgfcom s WeFe e(gﬂjélbg :L{tg%fco Hoﬂmes of

HD]nM Tl(i)en $50 MMVBNaCRQEST.5. e'Bthoﬂiﬁmﬁ.gNe'i@ﬂlen idaded at\wasda of

buffer. . After the exci wash, second wash w
WPPFRATRFIFLY 10 o8 RFRAYGH Elﬂ% 35 fitlepved @ 1&}@&%@? fush

With b ARsTattn b3@Rr 4ld 88N eolThR vORAEYGE wiRS doliiBn eftid PAkh 1

fromthe resin 52 in 3 stages of 300 L each. El ution

splution sonsisietp iS5 0eMeA st 29dY Gakdp, PES: %@rr@rl PRafe it was left
bRt LRtisly fRESh P, w&%qewas R l$'wéi ﬁéﬁﬁ;ﬁ%ﬁﬁﬁ 'le'uﬁlQéoéﬁ 20 ml(\j/[ Tris,
ori de,

Sodi um ChI ori de, Calcli um orl ghesi um
ERM pTa@thdoﬁ@@rﬁ e unp yelumed 6010 AROT nﬁ G@mMNaGl pE508, The

and C t pH 0 & 7 El ut ffer

A0 Bty it AR RE o prgtefh £ Seotprase .o

Mlycuﬁ]‘?ﬁn&[ NBadl, piId. YDiel'iﬁoduldeHMwhElﬁen n@iﬂ'aﬁzé& to 7@-8.2
(E'# i.ne, 100 10 mM Nadl 0 and 100

rm% s pH v igfelumns v ege fheh impewa%eg iepd ﬁ@red 18be TeRplts

NaGhowiPld Biofe 7UN tenperature: 18-24C The results are

shown in Table 5 and Table 6. 15

Table 7: % UDB for with and without calcium washed samples.

Run # Sample % UDB
1 50 mM Acetate, 2.0 M CaCl,, pH 5.0 9.5
2 None (Control) 20.8

A 2-fold reduction in UDB levels was observed for the run that had the additional 50

mM Acetate, 2.0 M CaCl,, pH 5.0 wash.

EXAMPLE 6. Removal of HCP and IRT with Other Divalent Cation Salt Washes

In this example, the ability of washes containing either MnCl, or NiCl; to remove

impurities from a preparation containing the anti-Af monoclonal antibody AAB was

examined.




- 10

15

20

25

30

Table 5: HCP values for MabSel ect resin washed with
sodi um chl oride, calciumchloride, or magnesi um
chloride at pH 6.0 Elution Wash Wash Exci pi ent El ution
Buf fer NaCl Excipient NaC CaCl2 Md2 Conc. Conc.
(mm HCP (ppm 50 nM dycine 100 46,800 28,500 30, 800
25 mM HEPES 250 35,300 17,900-22,000 100 mM Argini ne
10 500 40,900 17,700 18,400 50 mM d ycine 1000 34, 300
12,600 14,200 25 mM HEPES 1500 37,000 7,800 1027003
ORI B8 E00R2 R et ol Bl
cadignic seHsoneiors MaCh ead NiCim T opitthd rursrweraglsesdrfotied — one

Ci pi ent
i 50 SR B 20 it s e RO b el mesgo ana
ar@@musmppsqmwnemm(@acm@maami ne 100 27,900

17,900 21,800 25 nM HEPES 250 24, 700 16, 600 18, 200
100 nmM Argi ni ne 500 26,500 14,000 17,300 100 50 nmM

T e s O T £ 04

I‘%E%%’i??ﬁ%’%e#g C@ bR TR fopaecisidddoR Haultisor ilcia EPLE
cHebth &b grdfhyaste MR ANE MABRLIER R Wee beIHGRT o B& i8S elow. As

described below, all operational parameters were identical for the four runs except for
Wash 1, which was variable (Table 8).

- Column dimensions — 1.0 cm x 11.5 cm (9 mL)

Operational flow rate — 300 cm/hr (Equilibratién, Wash 2, Elution, Regeneration,
Storage) , _

Operational flow rate — 230 om/hr (Load, Flush, Wash 1)

Equilibration 1 — 50 mM Tris, 150 mM NaCl, pH 7.5 (5.0 column volumes)
Wash 1 - Variable (See Table 8 for composition)

Wash 2 - 50 mM Tris, 10 mM NaCl, pH 7.5 (5 column volumes)

Elution — 50 mM Glycine, 10 mM NaCl, pH 3.0 (3 column volumes)
Regeneration ~ 50 mM NaOH, 0.5 M Na,SOy (5 column volumes)

Storage ~ 16% Ethanol, 50 mM Txis, 150 mM NaCl, PH 7.5 (5 column volumes)
Run temperature: 18-24°C

The MabSelect Protein A column was equilibrated with 5 column volumes of 50 mM
Tris, 150 mM NaCl, pH 7.5. The column was loaded at approximately 40 mg
product/mL reéin. The remaining load was flushed out of the column with 5 column
volumes of 50 mM Tris, 150 mM NaCl, pH 7.5. The column was then washed with one
of the solutions described in Table 11. Prior to elution the column was washed with 5
column volumes of 50 mM Tris, 10 mM NaCl, pH 7.5. The product was eluted from the
MabSelect Protein A column with 50 mM Glycine, 10 mM NaCl, pH 3.0. The product
pool was then neutralized to pH 8.0 with 2 M Tris pH 9.0, The column was stripped
with 5 column volumes 50 mM NaOH, 0.5 M Na,SO4 then stored with 5 column
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of HCP in the MabSel ect peak pool conpared to sodi um
chloride at pH 6.0 (Table 5) and pH 7.5 (Table 6).
EXAMPLE 5: Renoval of under-disul fide bonded species
(UDB) 10 In this exanple, the ability of the Cad 2
wash to renove under dlsulflq% bonded species (UDB)
was exam ned. Two rnp Protein A SepharoseTM FF runs
were perforned essentially as described in 15 exanple

vblurked! of T6% BRI ORAM Tdhis, A 56 M Nabl HEEMS. @ﬁ@f@&l&sod}@ khown in
flowrate - 150 cnl hr %Ilbratlonl- Tri s,

Table $fiiGRyemovpliard Bables® gBTramoval)- unes) 20 FI ush - 20
mM Tris, 150 MM NaCl, pH 7.5 (1 colum volunme) Wash 1

TR T ol L L

Ranf™ vol umes) VawasB 1-Coddifidd Tris, 75 mv Ns’iChCPgP'PM)
75 (7 colurm vqurres) EIutlon - 50 nM d yjci ne, nivi
er| n 1 20 i\

IS\E umwcll ;rgt \%fﬂﬁgﬁ"'lwz\lﬁrﬂﬂ& urres) *Strihﬁﬁz;éﬁo 6

Stripbwash 20

B A 7 B 3 M A 1

16%Ethanel (5 colum volumes) 5 Run tenperature:

2-8C The PRFMSoEMmAgetate JHMMEIFFEI UMS|, wer e4,700

uililbrated with 5 colum volunes of 20 pM Tris. 150

mVM4Nadl, pH 7.3 mNHkrisc 20 MR8CkerR 7Shen | oaded at 6400

load of approxinmately 10 ng product/ml reslin. This

hvaH Df(bWﬂScﬁh@@PnblycéD solgulity whMpslliand NiClssh 10 wi t h
equilibration buffer and then 5 col um vol unes of wash
1 solution. This wash 1 solution consisted of 50 mv
‘Balgle 8t BRT ReovhlGai@i 2ariqid veash sbimtionsin 1, while it was

left out entirely for run 2. Wash 1 was then fol | owed
by 5 colum volumes of 20 M Tris 1.0 M ad, _pH7 5

aREL# |col umm vol und¥ashfl Gondifiemri s, 75 nM NaC , INFI(%)
7.5. The nonoclonal antibody was eI uted offf the rnp

Protein A Sephss 28eTM, it Qe sh 50 15 [TV G VEvdie,
75 MM NaCl, pH 3.1. The product pool was then

neutral 1 z %d mM SédirCAcetate, 1.5 M MnCl,, pH 5.0* 0.77
3 50 mM Sodium Acetate, 1.5 M NiCl,, pH 5.0* 0.47
4 50 mM Tris, 2.0 M CaCl,, pH 7.5 0.87

pH 5.0 was chosen due to solubility of MnCl, and NiCl,

Table 8 shows that the level of HCPs present in runs that were washed with solutions
containing divalent cations had 1.5-3.5 fold less HCPs than the control (1.0 M NaCl
Wash). Table 9 shows that the runs that contained the washes with divalent cationic
salts solutions also provide > 3.5 fold IRT removal compared to the run with a 1.0 M
NaCl containing wash solutions. Thus, these results demonstrated that salt washes with
other divalent cations (e.g., with MnCl, or NiCl,), different than CaCl,, also were

effective in removing impurities.



with 2 MTris pH 8.5. The col unms were then stri pped,
washed and stored. The results are shown in Table 7.
Table 7: % UDB for with and w thout cal ci um washed
sanples. Run # Sanple % UDB 1 50 nM Acetate, 2.0 M
CaCl2, pH5.0 9.5 2 None (Control) 20.8 20 A 2-fold
reduction in UDB | evel s was otserved for the run that
had the additional 50 mM Acetate, 2.0 M CaCl2, pH 5.0
w EXdRIITieq in fRenervwell redogiiel oabel aHlRiro arsbértmﬁmgno
e&] ent Cation. Salt. Washes | n this _exanp
‘SB’F W%‘f“%%&%“&%l’??a‘?‘ﬁ‘?ynﬁluéva%e%rm Wém?l%ﬂ‘r eqﬂ?@l@erttﬁof the
I0eEHNE dedoTBed Heidi€ S ShdhUuivalRhRRAY iffeh ¥l 16 80 bAoA éﬁ&e& B§ the
anti-Ali nonocl onal antibody AAB was exam ne
fellpwingsleimer e perforned to eval uate the effect of
washes contai ning other divalent cationic salts such
as MhCl2 and Ni Cl2. Two control runs were al so
performed - one wusing a 50 MM Tris, 1.0 M NaC, pH
7.5 wash (no I RT or HCP renoval expected) and 5
another using a 50 MM Tris, 2.0 M CaCl2, pH 7.5 wash.
The cul ture containing the nonocl onal anti body was
purified at small scale using a MbSelect Protein A
colum (9 nL) connected to a GE Heal thcare AKTA FPLC
chromat ography system The MabSel ect runs were
performed as described below. As 10 descri bed bel ow,
all operational paraneters were identical for the four
runs except for Wash 1, which was variable (Table 8).
Columm dinensions - 1.0 cmx 11.5 cm (9 nl)
Operational flowrate - 300 cnihr (Equilibration, Wash
2, Elution, Regeneration, 15 Storage) Operati onal
flowrate - 230 cnmihr (Load, Flush, Wash 1)
Equilibration 1 - 50 nM Tris, 150 MM NaCl, pH 7.5 (5.0
col um volunes) Wash 1 - Variable (See Table 8 for
conposition) Wash 2 - 50 nM Tris, 10 mMMNaC, pH 7.5
(5 colum vol unes) 20 Elution - 50 nM d ycine, 10 nmM
NaCl, pH 3.0 (3 colum vol unes) .
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Regeneration - 50 mM NaOH, 0.5 M Na2SO4 (5 col umm
vol unmes) Storage - 16% Et hanol, 50 nM Tris, 150 niM
NaCl, pH 7.5 (5 colum volunmes) Run tenperature:
18- 24C 25 The MabSel ect Protein A columm was
equilibrated wwth 5 colum vcg umes of 50 mM Tris, 150
nmM NaCl, pH 7.5. The colum was | oaded at
M&@rom mat el y 40 mg product/nL resin. The remaining

s@htmdd igshed out of the colum with 5 col um
volunmes of 50 MM Tris, 150 mM NaCl, pH 7.5. The col umm
was then washed wth one of the solutions described
i.n Ta!&hﬁbtﬁb]i fofuiri@ying an AIBWindig ﬁlb%lrﬁl‘iﬂvhﬂﬂbn m\%\@ﬁh‘@ﬁasource
W|th5 col umm volumas of 50 MM Tri s,

eRmeRTisig thewrrogn aadpne Pbmom@pumﬁ%emnmsmg the steps

Proted,fn A colum with 50 M d ycine, 10 mM Nadl, pH
3.0. The product pool was then neutralized to pH 8.0
with 2 M Rdswbipitie A bilidmgpodteino waBe bindingpgeht; Wit h 5

col um vol 0, 5. SH4 en st.o

with 5 colvyurm%gg1 wlﬂl\&’g%a%ept ‘fgg//laga ﬁ-grrfﬂuthogﬁow}?ﬁ agivalent

150 ncMubhiﬁlt to pétdfvetone Bh gofeigphtifies bed séb@%hﬂgrthe %@%@hﬁfr&l
lqo E and Table 9 (IRT renoval ). Tab HCP

rermv £ EGP A8FT8 i3 g luponluliocfons  Run # V\ash 1

Condition HCP (PPM 1 50 MM Tris, 1.0 MNaCl, pH 7.5

17,600 2 50 mM Sqdi um Acetate, 1.5 M MnCl2, pH 5. 0*
_%o 60Bhe mether phalatmdl, iwhemersaid ene of mpreimgugties ang selgctakfrom

o S0 S lthi 3 e SN i ol B,

Tabl edlgﬂﬁdﬂbnRedrwaieS (WPB) arslrlpwmeolevaidn veigdhtispeoies (IRAW) #
Wash 1 Condition IRT (%9 1 50 nMTris, 1.0 M NaC, pH
7.5 2.78 2 50 nM Sodi um Acetate, 1.5 M M1d 2, pH 5. o*
0. 77 The hethodvbSdalin anwhesdiodal onk. b rMriNigh2itietd ah TRT.
0.47 4 50 nMTris, 2.0 MCaCl2, pH 7.5 0.87 10 pH
5.0 was chosen due to solubility of MiCl2 and N Cl12
Kabl eTi £HQ¥S ot dain 1 RheteV@E A‘belﬁﬁ§ REEF R éhﬁ‘bord ns
that were washed with sol utions con aining div

cations had 1.5-3.5 fold | ess HCPs than the control

61. 0 MdMathod of claim 4, wherein the antibody is selected from the group

consisting of: an antibody fusion, a murine antibody, a chimeric antibody, a

humanized antibody, and a human antibody.

6. The method of claim 1, wherein the AB binding protein is a humanized anti-Af
antibody.

7. The method of claim 6, wherein the humanized anti-AS antibody is selected from

the group consisting of: 3D6, 10D5, 12A11, and 12B4.
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15 Wash). Table 9 shows that the runs that contai ned
the washes with divalent cationic salts solutions al so
provide > 3.5 fold IRT renoval conpared to the run
with a 1.0 M Nad containing wash sol utions. Thus,

t hese results denonstrated tr@g salt washes with

ot her divalent cations (e.g.,”wth M2 or N C 2),
different than CaC 2, also were effective in renoving
§ mpur 'hF'"éeéhJ‘]izrel clpm 1 pyherein thaf\B bindingepratkin haieg amFe pagion is
art %dohb‘ir?aﬁﬁ??fo%lﬁcedpr be able to ascertain using no
nore than routine experinentation, many equi valents to
the specific enbodi nents of the invention described

erein.  Suc Lval ents. are, |l ntended to be o
Cncomsetivd Han & whirriafisab Bindiheprois® bavingen Faregion i
cl ai mebnibsranfly pAdIESAIE 8 ChiesdMhrfg @&r?tbﬁ’ofoéai ndi ng
protein having an Fc region froma source I quid
conprising the protein and one or nore inpurities,
©ONPriggi thPE SRR . bi ndi n
protein Ifaéhagnrﬁﬁg&gpigiﬁﬁgg%em ; ﬁ%@ E%Jrrfgg?rﬁgm%conﬁioﬁ oﬁ%c’f
agentProfEA andRmoteir Gsol uti on contai ning a di val ent
cation salt to renove one or nore inpurities; and
recovering the protein from the Fc binding agent in
ldn elThginmthasioifietain i, whdeid thelebindihp agtnofs ighdbilzdd on a solid
wher ihgsesai d one or nore inpurities are selected from
t he g’roup consisting of: intron read through vari ant
species (IRT), under disulfide bonded species (UDB)

nd [.ow nol ec I i ght species (LMN. 15 3. The
I%Et hod™® %daﬂl#ﬁ?@ﬁmgé‘?eé% E@éplad Bhase spmprifeonaAs e PES
i's amehdRh-gel, 4resi)and®pdtadle Of claim 1, wherein the A(3
bi nding protein is an antibody. 5. The nethod of
claim4, wherein the antibody is selected fromthe
1 oupr - - . Qn. a nurine .
h%%éﬁﬁﬁﬁicﬁ%iaﬁxﬂ 9, Whereit %eﬁ[{}?ﬁlg}ﬁgﬁn&%ﬁt caiprises 2 g"oplc

anti body, a imeric antibo umeni Z

~ and @2luman anti body. 6. The nmethod of claim1,

wherein the A(3 binding protein is a humani zed anti - AO
anti body.

14. The method of claim 1, wherein the divalent cation salt is selected from the

group consisting of: CaCl,, NiCly, MgCl,, and mixtures thereof,

15. The method of claim 1, wherein the buffer solution containing the divalent cation

salt has a pH value in a range between about 4 to about 8.

16.  The method of claim 1, wherein the buffer solution contaiﬁing the divalent cation

salt has a pH value in a range between about 4.5 to about 7.5.

17. The method of claim 1, wherein the buffer solution has a divalent cation salt

concentration in a range between about 0.1 M to about 5 M.

18. The method of claim 17, wherein the buffer solution has a divalent cation salt

concentration in a range between about 0.5 M to about 3 M.
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25 7. The nmethod of claim®6, wherein the humani zed
anti-A$ antibody is selected from the group

consi sting of: 3D6, 10D5, 12A1 1, and 12B4. 30 59 8.
The method of claim1, wherein the A(3 binding protein
having an Fe region is recongd' nantly produced. 9. The
nmet hod of claim 1, wherein the A(3 binding protein
having an Fc region is 5 reconbinantly produced in a
@hi negBe MafBl 6f clsMAl, ¥whefehiihe B8ELr sohffion EORailB Ay 24t catlon
claim1, wherein the Fc bindin agent conprisSes one or
mor e SALL copDEiees 4k leastghent BrVGacClc. 10 11. The net hod of
claim1, wherein the Fe binding agent is imobilized

on a solid phase. 12. The nethod of claim 11, wherein
2he s th’: uhethbd s£claioniyvilsen thaduffer sohitien ebntainin@@ativaléht cation

gel , fesin 15 13. The net hod of
cl ai m (relF‘eeS’ ﬁflef‘%élg téa{ﬁéﬁ%m@,atl on salt conprises a
chaot rop| c salt. 14. The nmethod of claim1, wherein

al ent tion salt i selectedfromthe 20
3? ou plrg &’9{1 Pﬁﬁal& L “&@1‘2%3 Rpeersol WQ@E@W&WG afivelent eation
t her e@eﬁtco;@nségrheldmtahggzqﬁ qut@ m 1, wherein the buffer
solution containing the divalent cation salt has a pH
val ue in a range between about 4 to about S. 25 16.

e th fer, s ti.on )
25 ArneeBd of Rl SonIES ot §FsaRbikng mRb bitfkorotein o
a]c r aln gneFda‘amdmg g and w&hjgxg]tct?e E&J&ulﬁmﬁ afent hlr% peﬂ%&?&eﬂ%}- hod
of ¢ e buffer solutjon has a dival ent
catio n%pgfaitu.re tﬁ%?ﬁ‘?? FYEH 3Rui LR FRow et ieen about
0.1 Mto about 5 M 30 18. The nethod of claim 17,
wgereh,g %guffer solution has a divalent cation salt

ncent Bethgt of daim L. yrheeinibe pee At mprsUmPELts Wbmprissametor

3 M &fdre (Jfgahoy&ll'ﬁ%taﬁda st &Ju%ﬁkla cé@%tﬁllerbr{)tgﬁ, leﬁf[g&{ures
sol ut %h%Peo%ont ai ni ng a dival ent cation

24. The method of claim 1, wherein the one or more impurities comprise an

undesired species of the protein having an Fc region.

25.  The method of claim 1, wherein the undesired species of the Ap binding protein
comprises one or more of antibody chains or fragments thereof having intronic
read through sequence, one or more antibody chains or fragments thereof having
an improper disulfide linkage, a half-antibody or fragment thereof, a light chain
dimer or fragment thereof, and a heavy chain dimer or fragment thereof,

26.  Themethod of claim 1, wherein the step of recovering the AB binding protein

from the Fc binding agent comprises eluting the protein using an elution buffer

having a pH in a range from about 2.0 to about 6.5.

27.  The method of claim 1, wherein the method further comprises a chromatography

step selected from the group consisting of: anion exchange chromato graphy,
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salt conprises at |east about 0.6 M CaCl2. 20. The

met hod of claim11, wherein the buffer solution
containing a divalent cation 5 salt conprises at

| east about 2 M MyCl2. 21. The nethod of claim1l,
wherein the buffer solution cgntaining a dival ent

cation salt conprises at |east about 2 M CaCl2. 10

22. The nmethod of claim 1, wherein the steps of

adsor bitig ekdhangdRhbdnatbREpHY, RhBbBIILQ maR JFfnil 61:9&0%1'aphy

agent and washing the Fc binding agent are perforne

at a 2adpgEphebis anteractionehyomagesramdy(BER). about 2C to

about. 24C. 23. The nmethod of claim 1, wherein the one

or nore inpurities conprise one or 15 nore of a host

@8l | Phomeihnd ofcliiost, wdetdin Dilfyetivdcfetthereuiptised aphfin@itdlraphy

and mj hereof . 24. .The thod of claim1l

her o9 HiTes Aol Trow <oy eongraite Tapmatography,
undes tiabysis sffiityachrérhatb Hraphy), @intiohivRailpihtetedipitdtiBa! Pihnol
20 25, The nmethod of claim 1. wherein the undesired
speci BECiBRatiofreRersephage HELG(BP L Cle aifhirarmaioforusing:
nore of antibody chains or fragnents thereof having
intronic read through sequence, one or nore antibody
ehai ndhomethpd aheams], twherein the lgng Prigoreampitrifsapeprise one or
di sul o ' 1 - | ol Nt :

ther e e AD g Ay b BRYeiR nd BSIES solpicyy
and aconsanyg tepreteidinae e lavel dfiistmenasd-thisareh ohriardSthatib et least 5

nmet ho ' rein t step af recovering.the
A b iPlesin B fovel B E b e Siel g GEBR Fomeebiauid
conprises eluting the protein using an el ution buffer

Vi ng, a i n I e.fromabout 2.0 to about 6.5. 30
%: Tﬁhe Wgﬂﬂﬂéaf rimets heTEn ndiion ORI BRRIsiR FeohYsred in
conpr tigefution SO A RNV infbe R a8 MrEEIHEhrinhQ Mat E%t legst 10 .
groupﬁﬁg g%éflng of . ani on exchange chromat ography, 61

catio ARyEe deviebotanBep reptrihroy Pt inethe paatred liquid.
affinity chromatography and hydrophobic interaction
chromat ography (H C). 28. The nethod of claim]l1,

wher eThe mpdodef ¢leim f.ovherin theonp i mew impotitisampgsapiayor

5 ste t consi sting.of.

v oy aaa ) a8 MBS BB SIS Shd B g pronen
chr onsrgtsaphprisealessthinghosul PhataesppdiescifRaitl dkdtéid in the elution

et han %lution.

32.  Themethod of claim 31, wherein the intron read-through variants comprise less

than about 0.8 % of a species of said protein in the elution solution.

33.  The method of claim 32, wherein the intron read-through variants comprise less

than about 0.5 % of the species of said protein in the elution.

34.  The method of claim 33, wherein the intron read-through variants comprise less

than about 0.2 % of a species of said protein in the elution solution.

35.  Themethod of claim 1, wherein the one or more impurities comprise one or

more low molecular weight species of the protein and the low molecular weight
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precipitation, reverse phase HPLC (RP-HPLC), and
chromat of ocusi ng. 29. The nethod of claim1l, wherein
the one or nore inpurities conprise one or 10 nore
intron read-through variants of the protein and the
elution solution containing fhe protein has a |evel

of intron read-through variants that is at least 5

fold less than the I evel of intron read-through

yar i affobict Sorkiio3aH HER abbil 194 of 3peclt e B! H3lueth fd Sln
29, wherein a solution containing the protein
recov¥¥®ni n 15 the elution solution has a | evel of
intron read-through variants that is at least 10 fold

| ess than the | evel of intron read-through variants in
Bhe sBuemwethpd gliclaim 33 whitem the idvochoidulet weightlspeaibiiofipfise less

B hm 31 v : '
 nt v oft = 8eet? D *.96R SResier el WtcihaD (e Hbm solifont ne

intron read-through 20 variants conprise |ess than

out % of .a.specjes.of said protein in the elution
3 21 ut T%“iw‘.f’e‘g%‘.l °fr‘1§8mh%‘te RGgresy tﬁe ?%’f FotppularFreight speqigsecomprise less
| Nt r ofhak GSAt DI31QPVIR speRle ' 8 about
0.8 % of a species 0115‘1 S glagéaz% g‘?{egiﬁgwmlstﬁe !tﬂ ﬁg&eﬁc’h{ﬁ?’gﬂ
solution. 25 33. The nethod of claim 32, wherein the
Rgtro = : [ I | ess,. than about
05" o g R0l LAY S o ERTROIE ol F5R: prag GRPHse los
34. Tihen aeauh 8@ %6fof e kpricies 88saidpretein im thdreluiior solution. '
read-t hrough variants conprise less 30 than about 0.2
% of a species of said protein in the elution '
86! ut ThemnetBbd ofitleinBtwieekinthe ®habfinbre iMpPEAiLisRofnBBscUM or
or nore Hg@griiéfﬁ ﬁo aise one _or npre | ow nol ecul ar
wei ghioEaFTtisthde Rendkd wimants of i Rrpiem o) tromeercigniside
wei ghborfied vafetd RpeRdTRE] Beh AR%6135 st a%BQH({s ot sa(@ Blo egn in the
species of said protein in the elution solution. é .
The nBPRIESOME® aj m 35, wherein the | ow nol ecul ar
wei ght species conprise less 5 than about 0.8 %of a

sEecies of said protein in the elution solution. 37.
The néh¢wogthed of ¢laim3 B Gvhewirethe undedrilisul fuly bondedottigtts comprise

wei gh j ise l.ess than .about 0.5 %.of a
speci %aegsstg?& %‘gﬁ%& ?gr o(%fleal Sﬁe‘%l%' ‘?ﬁ%ldé’ﬁ}?lflé%%gﬁﬁl?? g¢jutopy
38. The nethod of claim 37, wherein the | ow nol ecul ar

i ght, speci €s.co ise |les t han,. about 0.2 % of a i
AT ot DS BEELE BRI Shereh b i B PGt mprise
The niesdthan afouc b 84 of dspevibesfashid grét€inQh ehe@utidR sSlution.
inpurities conprise one or

42. The method of claim 41, wherein the under-disulfide bonded variants comprise

less than about 2 % of a species of said protein in the elution solution.
43.  An AB binding protein purified according to the method of claim 1.

44.  The protein of claim 43, wherein the protein is an antibody.

45.  Akit comprising reagents for purifying an AP binding protein having an Fc

region from impurities, the kit comprising,



nore under-di sul fi de bonded variants of the protein
and the under-disul fide 15 bonded variants conprise

| ess than about 15 % of a species of said protein in
the elution solution. 40. The nethod of claim 39,
wherei n the under-disul fi de bognded variants conprise

| ess than about 10 % of a specCies of said protein in
the elution solution. 20 41. The nethod of clai m 40,
wher ei n t hereapete selelitedirérh des fronsleshsiétng o0k QivaRAYatiSesalt, and
| ess than agogt 5 % of a species of said protein in
the el uti ofFeBindimessentmd The nethod of claim 41
wher ei n t hgskidehs s fi de bonded variants conpri se
25 less than about 2 % of a species of said protein in
the elution solution. 43. An A13 binding protein
purified according to the nmethod of claiml1l. 44. The
protein of claim43, wherein the protein is an

anti body. 30 45. ‘A kit conprising reagents for
purifying an A(3 binding protein having an Fc region
frominpurities, the kit conprising, 63 a reagent

sel ected fromthe group consisting of. a dival ent
cation salt, and a Fc binding agent, and instructions
for use.



