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wWOSHAIBSTHSE SAVE BY NANYI NG Bl AN, JOHN CHARKOUDPENUSMEIA00366
SO CE, JOAQUI N UMANALAND CHENG WANGDESCRI PTI ON OF THE
| NVENTI ON [001] This application clainms priority to
U.S. Provisional Application No. 60/756,873 filed
January 6, 2006 which is hereby incorporated by
reference in its entirety. Field of the Invention
[002] The invention relates generally to the field of
chromat ography. In certain specific enbodi nents the
i nvention provides matrices and methods relating to
affinity chromatography. Background of the Invention
[ 003] Chromat ographi c nethods generally are used to
separate and/or purify nolecul es of interest such as
proteins, nucleic acids and pol ysaccharides from a
m xture. Affinity chromat ography specifically involves
passing the m xture over a matrix having a |igand
specific (i.e. a specific binding partner) for the
nol ecul e of interest bound to it. Upon contacting the
l'igand, the nolecule of interest is bound to the
matri x and thus retained fromthe mxture. Affinity
chr omat ogr aphy provi des certain advant ages over ot her
types of chromatography. It provides a purification
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nmet hod that is highly specific, fast, econom cal and

hi gh yielding. [004] In one application affinity
wohoovmissgr aphy may be used to purify protei nSPEUAIS2@I/000366

nonocl onal anti bodi es. As an exanple, antibodi es of

the 1gG subtype may be affinity purified by passing

them over a matri x having protein A or protein G bound

to it (Boyle and Reis, 1987, Biotechnol ogy 5:697;

Her manson et JhesgRIFNONTBPIHE MENYIONN Ty Li gand

Techni ques, Publ i cati on

No ooqgoefrﬁéléﬁﬁ%ﬁor{ a8als ;MBiim'afu.s.f Privistmii AgplipaitreNe.
[ ban S,

such as protein A and protein Gto a solid
f COBRHRY i3 PBieby TRcHrporBfddeylrerfence in its
60/%?@\7?0%%? %@é‘?&?’%ed, see, e. g.y, He?orransor){ et al.

enti%?)gz' | mobi lized Affinity Ligand Techni ques, Academ c
ress; U. S. Patent Nos. 5,874,165; 3,932,557,
4,772,635; 4,210,723; 5,250,6123; European Patent

Fie!ﬁ%lthgm\}mioﬁP 1 352 957 Al, WD 2004/ 074471 .
) e nedia is activated with a reactive
f uyu2] oPhe Bventn(réatisigeatetly ¢y theifie)d ofiabioreatography. In
epoxi de (epi chl orohydrin), cyanogens (cyanogens )
certBindPedfic eMiBinentdtheNdiention pruvidedyhatecdsoarsi reethpsojelating
al dehyde or an activated carboxylic acid (e.g.
toaﬁhﬁt?%ﬁ?bmdi@griaphyﬁ de (NHS) esters, carbonyldiinidazole
(CDI') activated esters). These activated groups can be
attached directly to the base matrix, as is the case

Baél_(%roﬁNBbf the Inventicmn be part of a "linker" or spacer
mol ecul e which is typically a |linear chain of ﬁ&grrgjzgf
oxye@d) aGbramatogrgehic medhass aanerallyare weeq iseRYRts?
chain of carbon and oxygen found  in t he%é(iaker ides from
purtfy retesdies| of iitesest sigh aémgln§d1m%ﬂd%ﬁ p gsags%rq s é
agent). The activated media is then e%%“'l i rat.%qd V\éteE
a ntiktereprAffimityrchiromatoaraphyl specifisahy mHQIV%H sing e MiydHre.over 8
coupling reaction is finished, the nedi Zf [ Was%eo\ P
matrixdvavingtd §oanBeperifiotiei ﬁsp@mﬁcyt?jp@gg p§rt|2¢:-;r o'rraleoqno cle of -
l'i gand densit ma ) ] '
inte(restgbound to it. Up)ollzl contgcting the ligand, the molecule of interest is bound to
the matrix and thus retained from the mixture. Affinity chromatography provides
certain advantages over other types of chromatography. It provides a purification
method that is highly specific, fast, economical and high yielding.

[004] In one application affinity chromatography may be used to purify
proteins such as monoclonal antibodies. As an example, antibodies of the IgG
subtype may be affinity purified by passing them over a matrix having protein A or
protein G bound to it (Boyle and Reis, 1987, Biotechnology 5:697; Hermanson et
al.,1992, Immobilized Affinity Ligand Techniques, Academic Press; U.S. Patent

Publication No. 2006/0134805).
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be | oaded per ml of nedia resulting in an 1gG maxi mum

static capacity () of 40 g/L. Protein ligand density
woebevasisses static capacity. The static capaci PET/US2007/000366

provides an upper limt of the protein capacity that

can be used during the chromatographic separation. In

general, the dynam c or |oading capacity (d)

correlates the static capacity with for a given nedi a.

[ A onbi nant farm of protein A suitable for
L PG oM TGS, AP Blias 08 niots heanits Sucbasatatein A and protein G
descri bed, The reconbinant formof the protein is

toa %‘ﬁtﬂp SRR §.6., shiemategraphicanedipshaye been gweviougly, described,
U. S Patent No. 6,399, 750, GE Heal thcare Product

see, £i9-e FgrmaBses et al pt % immolElized AffinityHagand Teshniques, Academic
Mabsel ect (rhngnd Mabsefect Xtra(r). Using this

PresgcldswiPaient Naso 674, 165, 38381567; &, T2 6851 4 24 0, 728)i5)850,6123;
from55-70 g/L have been achi eved. However, one

Europeat fRateohApplicationt ER 1852 9531 A, WO 2004/07a7nantypically, the
protein Aligand is that it nust be genetically

mediarigiactieated with aoetiative fllestivabbgidupe(“asidited group”) such as an
functionality which may be tinme consum ng and

epoxigep@michieroHydein), dyzpidgens (eyaiasihs BronsigBRONEN RN, -

protein ligand to a solid support is "linker aSsisted

disuaoiniplidylgérboniatk EDSEY SarleAPdE @F Bhi Adivatey EQ{H&@E{: Sg’vﬂ (e.9. N-

| i gand assi sted coupling described in detalil

r YA RN i SRR GOP L e

ThesBi dt‘ﬂﬂvﬁtbdf’?fddiﬁrcé?f bk RetcALY %‘ire'&ﬂ*l ¢ Wuclf Pé&\aﬂﬂﬁtﬁ%}% \the case for |

and a suitable associative functiional

CNBEDF ity tAn B PAlk 09 alfifkér Qﬁ’.@ﬁaﬁ&' s %aﬁ% :)@Pﬁrg Esgﬁlrpgqaélxﬁ linear

Thi s techni que invol ves engi eerlng(ie

chai 41035, R I ol it U erdie apein o
carbcy} B8 ordef 5T e P SRBariediar GRESieF et (o Rofmon epoxide
coun 83kt THEAMNRRER s e Ul B e
undeFrgJJS;ganlgeconditions. Once the coupling reaction is finished, the media is
washed thoroughly. For Protein A, typically 4-6 mg of protein (ligand density) may
be Ioacfed per ml of media resulting in an IgG maximum static capacity (Qs) of 40
g/L. Protein ligand density determines static capacity. The static capacity provides
an upper limit of the protein capacity that can be used during the chromatographic
separation. In general, the dynamic or loading capacity (Qd) correlates the static
capacity with for a given media.

[006] A recombinant form of protein A suitable for attachment to an agarose
support has also been described. The recombinant form of the protein is engineered
to have a terminal cysteine, see, e.g., U.S. Patent No. 6,399,750; GE Healthcare

Product Literature for r-Protein A Sepharose Fast Flow, Mabselect® and Mabselect



I i nker serves the dual role of covalently attaching
the protein to the matrix and interacting

woanermsyssiient |y with the protein. This provi de®CFaIse007/000366
pre-associ ation of the entities before/during the
coupling reaction. This technique was exploited to
coupl e glycans to a nenbrane surface for nenbrane
blotting of el ectrophoresis gels (US Patent No.

, 543, . Char koudi et .al., 1995, Analytical
xtra@®,, e 1R s FAGIBINSrE D ptein o b 3t preadies ranging from 55.70
n hassibst ed F&guplé n& is found in the commercial product
9/l NRVP;begn aqieygd. Hoyyeysr. pRe dmiteion @gpociated with usiag this
I S, an agarose support derivatized wth an NHS
recomBinag eleinfdigand; is that i must hergengtically iemginearedto contain the
containing a positively charged functionality. The
selegliyeiqqupting femctionadity whith mayibe fimescanssieting dandyesgrenisive.
This amne is protonated at pH 7.4 and all ows for
cdORTI nArether strategy for coupling sbalprotein tigand té a(s¥lid support is
. less than 6. The properties of the Affigel matrix, and
“linkestassisted chuplingtn dsnkerassistebycduplikgy inecaritrdt do HigHAN ikGisted
have |limtations because the associative group
couplimg descnitsed: medeta)l besowaist chafratietized Q%ﬂi@réli@%@éidiga single
linker affording a fixed 1:1 ratio of the two

moleéuleavhichdh¢lldes bofin tHeRgarid dled eHe spBKIAE biidihb Dartner of the target
descri bed for coupling Protein Ato agarose in US

moleéaibao beourifled) EhdPd SuithBlefassotitivieFunttioiRity HHIEh may assist in

conprised of arginine is used to facilitate proteln
coupliriy/fie RghricPtotheddis SBHE PRI t vl ' il
acti va{%d with NHS and carri és %c po l?étl%@c aé?'g@hs%ﬂ*ééa

functiohalgicupSEaeRYs a BAYRYSS andif@tinfio/a ﬂn@rdcﬁlsépa%er designed to

i nprovenent in 1gG binding cdpacity is attarne
SO B o e st e e R st RS Bpssesses an
st s ARSI 5Pl TP A iR
i 583 Mol R b TS G5l ol
Iinkeri@;]eg{r)%ga g'gé dSQ :rﬁﬁegé* gﬁ\gélgﬁtly Qﬁgcﬁiﬁa l#ut-: %?'otieri]n '?c? %hhe matrix and
interacting non-covalently with the protein. This provides some pre-association of
the entities before/during the coupling reaction. This technique was exploited to
couple glycans to a membrane surface for membrane blotting of electrophoresis gels
(US Patent No. 5,543,054; Charkoudian et al., 1995, Analytical Letters, 28:1055).

[008]  Another example of linker assisted coupling is found in the
commercial product Affi-Gel 15® (BioRad, Hercules, CA). Affi-Gel 15® is an
agarose support derivatized with an NHS activated carboxylic acid as part of a linker
arm containing a positively charged functionality. The positively charged functionality

is a secondary amine. This amine is protonated at pH 7.4 and allows for coupling of

proteins with an isoelectric point (pl) less than 6. The properties of the Affigel matrix,



i ncreased concentrations of target nol ecul es produced

by these nethods. Product concentrations exceeding 1
wgonewgsessil i ter are not unconmmon. These producPeT/US2007/000366

require purification before they may be market ed.

Accordingly, a need exists for a chromatographic

mat ri x havi ng enhanced bi ndi ng capacity that provides

good product yield, and which is econonical and easy

dt@?&mnuéict ure. Various enbodi ments of the invention

and gHeL SUGR HIBRAS R bynlier Asgisted spuRlirg bavelmitativnebecause
THE ] NVENTI ON [010] In certain enbodi nents, the

the 9s306iative 9rovR (Peritive chatgr)ds sartafithe prateimtoupling linker affording

. chromat ography matrix wherein the matrix conprises a

a fixed |1Fhr94@dzfdﬁe twedunctioralifieso Angiher ehargeidginke:r anah is described
wherein the nmethod conprises a) contacting the solid

for caupling PrateinhA 4o agesoss ut UScPateati Plos 5¢260,828. tHere a shorter linker
associ ative group reacts with the solid support; b)

arm gemipviaed of ardisineoisi ubeslfopfaciiitdte protehtl dbuplny & aRRgarose
activated group); c)contacting the solid support with

suppohe Theargininki lgwed iss aclivatbd withNHS ahe¢ icarfiégapbsitivedsharge. The
to the solid support and interacts with the

resultss Soggext] heweuen phaf oy a idledi improvehicdtin WA Hindi ity i
* enbodi nents the inventlilon provi de@’ an affi n?‘lﬁy inding capacity is

attaidd oompagsdMofBinkeK aSS8Rd éédkﬂing@)MBré&Uér,dtr%Uﬂﬁqg’tib described
b) a protein Iigand bound to the sSolid support; and c)

abovalls AsSiALIIREd HBrela 8 Whelf SPRItEINGA YrobRNE 4 Solid'Susdrt Bia a linker has
support where the associative group Interacts wth t?]e

recertyob&bm dbs &l i Q18] phiant hdg‘pc%’,ﬂfgeﬁgp%i Wﬁfﬁgzgaﬁé‘f

i
i nvention provides a nethod ylng a'tar

mypee! eScf:aﬂQ @p%f?e%%ﬁfatwg?ﬁ% g%%?% %%Iﬁ@%v%?ﬁéﬁ et.glﬂ?for the

m'xture under "a first se .
prod gt of A AHGAILS T | o Ok s anc
incre?@%% l%f)ﬁ@%l&tg%gdrr{g 6%??@&%{&&%%%%&1?&% Lﬂ)ilntgl%lsn‘grrb%@%dg? Product
concén‘?frét?or?su@fc%retdi‘ndaqdgr%?'n per liter are not uncommon. These products
require purification before they may be marketed. Accordingly, a need exists for a
chromatographic matrix having enhanced binding capacity that provides good

product yield, and which is economical and easy to manufacture. Various

embodiments of the invention described below meet these and other needs.

SUMMARY OF THE INVENTION
[010] In certain embodiments, the invention provides a method of making
an affinity chromatography matrix wherein the matrix comprises a solid support and
at least one protein ligand and wherein the method comprises a) contacting the solid
support with an associative group such that the associative group reacts with the

solid support; b) activating the solid support (i.e. addition of an activated group); c)



an associ ative group separately bound to the solid

support where the associative group interacts with the
wonroei7asmsii gand; and 2) altering the conditi on8CofUs1007/000366

such that the target nol ecule no |longer binds to the

protein ligand of the matrix, thereby purifying the

substance of interest. Optionally, one or nore wash

steps enpl oying a suitable wash reagent, e.qg.,
or a suppl enment ed

: - buf f l.i ne, :
contfREME R St ef?w?tﬁébgemt%ﬁ ﬁé%mq' MR dhaldheesatein dpand binds
tothl apg 2. Tge%{;?_tri X may. also be equilibrated with an
G 5PrOSHPRP indgragts with the asspciative grom of a).yet

otB r.enbodi nents the invention provides a method of

cd Eﬂ] nglncestain ather egbadineents thelinentigmpravides an affinity
conprising a) contacting the solid support with a

chroggiearpphy yealfixmamprisingt e solie sapporti by apzowiwligand bound to
reacts with the solid support; b) activating the solid

the sslig supportsand ehtacassogiative groupsepapaiely bvind té fife solid support
protein ligand such that the protein ligand binds to

wherettbe axsispdiadive rotp ameracts evithcthe protdintiigandssoci at i ve
group of a).[014] In certain further enbodi nents the

i 10¢2} i dn siitiathdeentodirmbnats Ok invsMiom BraVidéLhéthba of purifying
an agarose support conprising a) contacting the

a targetanoleeutafront & mixidteacophsrigng 1? I@@ﬁitﬁﬁin?l{ﬁé rhb@iretUier a first

charged species reacts covalently with the agarose

set of conditibns Mithasr bﬁﬁiﬂy%rbﬁ%t@@%gﬁ?%éﬁméh tat théfarget molecule

activating group; c) contactin he agar ose support

bindsiid thetpgietdih digand of the ehattik WhdrB&he rﬂﬁggﬁoﬁ%ﬁﬁb%yymatrix

binds to the solid support and non-cov

comdrlé*e%lf ay hsofititdugpdet; o %rrﬂ%ﬁaiﬁ ?ﬁ%h&%o‘ﬂ‘nd‘e\)o thg%éogh aslrl]J?:port; and c)

sti! .other enbodi nents the i vention provi

on gkl gl BB ARIaR By STk B asppmae
gfouégs%ﬁég:ﬁs{ Wﬂgﬁ%&roﬁﬁg H@%n@' Mﬁ?%ﬂeﬁﬁé the BondiHibsE of 1) such that
the target molecule no longer binds to the protein ligand of the matrix, thereby
purifying the substance of interest. Optionally, one or more wash steps employing a
suitable wash reagent, e.g., phosphate-buffered saline, water, or a supplemented
buifer described infra, may be performed between steps 1 and 2. The matrix may
also be equilibrated with an appropriate buffer prior to step 1.

[013] In yet other embodiments the invention provides a method of coupling
a protein ligand to a solid support comprising a) contacting the solid support with a
associative group such that the associative group reacts with the solid support; b)
activating the solid support; ¢) contacting the solid support with the protein ligand

such that the protein ligand binds to the solid support and interacts with the

associative group of a).



the solid support and non-covalently interacts with
the protein A [016] In yet other enbodi nents the
wonv@nwsissm provi des an agar ose bead conpri si ngprat/uSe@sn00366
10g/L of protein ligand bound to the surface of the
agarose bead. The protein ligand may serve as an
affinity ligand, e.g. Protein A, Protein G and thus
be a specific binding partner of a target nolecul e,
e..d.,, Protein of interest. [01l7] In sone enbodi ments
¢ HE18 o I8 GerHaig dwiher embodinents theavantionyorovisiesre method of
olid support via an activated functional group
Coupﬁms n%%ie"ﬁﬁytm 3t RIYOSEFYPPORKEIMRATiIsIBGA)oNThting thestigarose
| igand may al so non-covalently interact with one or
supprwith asitaraed spegies sich that tie eharged\epleeiud reactaicovalently with
via a distinct covalent bond to the solid support with
the agarage suppori) dotivating the gghrodeesuppore withesmn adtinstingrgroup; c)
certain enbodi nents the invention provides an
contagtingdthetagarose support withethet proteinh sdcis thitahe prbieid Al Sovalently
non-Ilinker assisted. In certain enbodinents the

binds tovivet sadid quppdrtiand aopraiveilehtly iBestElcRONITh 85 ERaRyetPspdkies of
support which is non-linker assisted. In certain

a). enbodi nents the associative group and the protein
| i gand are each separately coupled via a coval ent bond

t 015 dalstil cthopambolifiShts!the GhleErt FHTBRMJE %S aﬁpﬁw

protein ligand binds, e.g., covalently, to the soli

chrorfgitRPaphy hiatAR céﬁfdr?éﬁﬁlge:‘ ‘%)%‘P&%}%@' Slﬂigbﬁf? lb?‘”gg&r}gﬂ{]néycovalently

intervening |inker nolecule. e prot

bound!té eh& agafeRR §odr dmzf %@%&g%éd“sﬁé‘&?g;wgfghﬁcgv lently binds with

associ afi ve groups, oval en

the s6} 5ApSSR AL nIH-EORHEN R Hrtb Y omﬁg ér&aﬁ%ﬂ\

nmol ecul es. Thus I n certain e i nventi on

DY 384 BRSSP e LRGN g e Bpoce o
T L N T R N —

The d%fé\fﬂ.\ ﬂﬁgnarﬂnﬁ gg&ieaatsi a5 a lrﬂﬂp ligand, e.g. Protein A, Protein G, and thus
be a specific binding partner of a target molecule, e.g., protein of interest.

[017] In some embodiments the protein ligand binds, e.g., covalently, to the
solid support via an activated functional group without any intervening linker
molecule. The protein ligand may also non-covalently interact with one or more
associative groups, which are covalently bound via a distinct covalent bond to the
solid support with or without any intervening linker molecules. Thus in certain
embodiments the invention provides an associative group coupled to a solid support
which is non-linker assisted. In certain embodiments the invention provides a protein
ligand coupled to a solid support which is non-linker assisted. In certain
embodiments the associative group and the protein ligand are each separately

coupled via a covalent bond to the solid support.



coupled to a solid support and a protein |igand
coupled to a solid support where sone parti al
woapuleaigson of the associative group and the pParTaISm007/000366
ligand is coupled to the solid support via a |linker.
Sonme popul ation of protein |igand may be coupled to
the solid support via a |inker or sone popul ation of
t he associative group may be coupled to the solid
ome enpodi nents both the

t i Finker. | ;
22@3% at mgt“%féﬁ?n)bg‘{'fﬂ‘ﬁ%%ﬁ BEQte ganchbings e-gaagevalently, to the
. popul afi.ons which are coupled to the solid support via
s°"‘£§$99é¥{s}ﬁ'? 31 Akkyated figngtionah 9okeun witharintervesingriniter molecule.

the inyentjon provides a |inker assisted associative
The grofgh g @a@vialsa nepreayalentointerast with ane ar movelkesociative
bond. The associative group may interact, e.g.,
groupsnwhighzarergavalentivt boungathe solid gpprbrt withbahbhy intervening linker
coupled to a solid support w thout any intervening
molaquigser Thits iccertain[@nbddinuehits ithe idvenitipaqirevialed an associative
advant ages of the invention will be set forth in part
groupreoipeditesa isofid isoppuattiwhich ds hondinkenessBtathahd W protdif ligand
~ obvious fromthe description, or may be | earned by

couptedits aselidfsuppert whiehtis tinkerTassistedect s and advant ages
of the invention will be realized and attai ned by

meang] of Ik dttree eeiBsiments theoime AR ?Féviﬂéé tah?éﬂs%‘biagive group
poi nted out in the appended clains.[022] It is to be

coupledity atsofd shbpbn@i&atdﬁsté‘lrpw BEuBRAGLH sdfF SibPbrt Where
escr y

and the follow ng detail ed i ption are exenplar

som@ péert PopafitRnofiAk)asdddizAive Q%BEEép %@@%%H&Y_érméam §s coupled to

i nvention, as clainmd. BRI EF CRI P

the sBRAML [P Al lifked U SBre b%g@la@iﬁﬁ%@?%’i‘@ )ﬁ)gaﬁa &Y B8"Cobipled to

and static capacities of various a

the <18 SUBHOR A9 INREE R LAl o s B orfi brgumay bo
coup?gd Wt Ybiid support via a linker. In some embodiments both the associative
group and the protein ligand will have populations which are coupled to the solid
support via different linkers.

[020] In still other embodiments the invention provides a linker assisted
associative group coupled to a solid support, e.g., by a covalent bond. The
associative group may interact, e.g., non-cov.alently, with a protein ligand covalently
coupled to a solid support without any intervening linker molecule.

[021] Additional objects and advantages of the invention will be set forth in
part in the description which follows, and in part will be obvious from the description,
or may be learned by practice of the invention. The objects and advantages of the

invention will be realized and attained by means of the elements and combinations

particularly pointed out in the appended claims.



chr omat ogr aphy nedi a coupled with and w thout an

associ ative group and |igand assisted Protein A
woaouplismzimet hods according to the invention. PQ2AS2007/000366

Figure 3 is a graph showi ng the nmeasured CHO Cel |

protein (CHOP) levels in the elution pool and al so

shows host cell protein binding to nedia with

di ffering anmounts of associative group, with and

et B8 {ah€ UiRRdode Mt balb ghooreopbissgoneist Resaaption and
the q1iyind BRAIGHIErahton B erBANAADH Goplansionce anadere not

via |ligand assisted coupling chem stry by performng
restriglive /i eatiencas clajmed. [027] Figure 4b is a graph
showi ng the reduction of DNA |evels in the elution
pool froma protein A nedia made via |igand assisted
coupl i ng chBREF PESCRIPTIONOfR T RAWING S
[028] Figure 5 is a graph showi ng the reduction
\gﬁgﬂ%t dghre 3 i%agraphsheming
. protein A nedia made via |ligand assisted coupling
variogs, @ffinity; Ghrginaegraphy; mgdigrcompesingdirateiniash usi ng a
buffer with different pH and salt concentration. [029]
FilRdle dHovee 3 igparapbicomparingther bidding capaxitidsost various
cell protein levels in the elution pool froma protein
chromatesiaphyrirdiaiceuplegbwith andi witkoltaruassodativeng stupyamy ligand
performng an internedi ate wash using a buffer
assistashProteimd cupting enethods taaicoeding @3 Ghe Mvgmtionsb is a
graph showi ng the reduction of host cell protein
| §926]s iffiguree3 é3 atgraph sholirig the meeisaired CHO S prot@fgCHOP)
via |ligand assisted coupling chem stry by perform ng
levelsain thet elutienipabband HisaishoWs aokt EER préteif BindintPto/medf ' with

differing amounts of associative group, with and without an intermediate salt buffer
wash. The IgG recoveries were all similar, ~90-95%.

[026] Figure 4ais a graph showing the reducfion of host cell protein levels
in the elution pool from a protein A media made via ligand assisted coupling
chemistry by performing an intermediate salt wash.

[027] Figure 4b is a graph showing the reduction of DNA levels in the
elution pool from a protein A media made via ligand assisted coupling chemistry by
performing an intermediate salt wash.

[028] Figure 5 is a graph showing the reduction of host cell protein levels in
the elution pool from a protein A media made via ligand assisted coupling chemistry
by performing an intermediate wash using a buffer with different pH and salt
concentration.

[029] Figure Ba is a graph showing the reduction of host cell protein levels

in the elution pool from a protein A media made via ligand assisted coupling



am no aci ds. DESCRI PTI ON OF THE EMBODI MENTS Met hods of
Coupling Ligands to a Solid Support [031] In certain
wenhardhismsmt s t he i nventi on provi des net hods of pcomskoongoo3ee
a protein ligand (e.g. ligand assisted coupling), to a
preformed solid support, such as chromat ographic
nmedi a, wherein both the activating agent, which
covalently binds the protein Iigand, and the
associatiye group,. Which interacts non-covalently with
chenfiREY By artarniing SRiniemadiale Wash 1'singt2 bufiRecorieining @lanine or
of the coval ent bond between the protein |igand and
betaifie activating agent, are both linked to the solid
support by a separate and distinct reaction and
\M{ngl n F9ere Bbiis & graghsheming the reductionoef kast well grotgin levels
) are not linked prior to the reactions covalently
in the phutiongoagldram @ prieteis A\ media prade vialligandeassistedmpupling
conprise a) reacting an associative group with a solid
chemisioy bytpesforaing eatintegmisikidateobash esipgas butfedcentaining various
coupling a protein ligand to the solid support. In .
aminoeadids.n enbodi ments both the associative group and the
protein |ligand may be covalently linked to the solid
support, but are not covalently |inked to each other,
except through the solid support. Both the associative
group and the activating agent nmay be coval ently bound
to the outer DESCRIPTWON OF THE EMBODIMENTEe protein
i gand may be coval ently bound to the activating
Methggisnof Canipding kigandwita a Sdlid Suppbréupport. The
associ ative group may interact with the protein
| [@atd, le.qertaioeotbhalivents/the ihvenfies proviaés Atethb8s of coupling a
- formation of the coval ent bond between the protein
protein ligantd ¢and. ligendiassisrid mmm?w,t toVd pfefolrhied Q6AH %'ﬂlbr)brt, such as
bound to the outer surface of the solid support. It Is

chrorabtgraphicatistial, ahdr&intbdtRthe ta%ﬁvé’ﬂjr%? 858nt, WHiEK c8RSlehli§ binds

associ ative group may bind accessible”interior
the pRoteiriRd hdPessebiativeYrbdp SWRRS ihteracts non-covalently with the

protein ligand and thus facilitates the formation of the covalent bond between the
protein ligand and the activating agent, are both linked to the solid support by a
separate and distinct reaction and wherein the activating agent and the associative
group are not linked prior to the reactions covalently linking them to the solid support.
The method may comprise a) reacting an associative group with a solid support b)
activating the solid support and ¢) coupling a protein ligand to the solid support. In
certain embodiments both the associative group and the protein ligand may be
covalently linked to the solid support, but are not covalently linked to each other,
except through the solid support. Both the associative group and the activating
agent may be covalently bound to the outer surface of the solid support. The protein
ligand may be covalently bound to the activating agent, which is bound to the solid

support. The associative group may interact with the protein ligand, e.g.-non-
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[032] It will be appreciated that steps a) and b) may

be perfornmed in any order. Thus in sone enbodi nents
woOheo7iosyssmt i on provi des a two step reacti on whpciyusann7/000366

be used to couple an associative group and protein

ligand to a solid support. Independently perform ng

steps a) - c¢) provides a nunber of advantages,

including flexibility in the choice of associative

r oups, otei.n |igands and solid supports, and
°°Va%6ﬁle/r &U%ﬁa\tﬂ@ V\%tfgméﬂoaﬁ dhe sovalenybeng bebvpen the protein
) l.igand to enable optim zation of conditions for
hganﬁ@?}ﬂ@ arfiveling aasnt udnicl is epvajentht baund tp thenguteTisisface of the
. contrasts with previously described net hods of
solid sygpprindt jsrajseicenterga thatdwith dhe ppoteirt kigare gnd the associative
I i nker assisted coupling, which necessarily results in
group mayl1 bingt accessile iterior surfacet and passof atsolid sgpport.
[033] In previously described nethods the activating
ag@dz] aritiwilhbe @ppoeciatedvibag stegs ay andb) hety bopakfeninky in any
i nked to each other before being bound to the solid

orders uPipes in somarembodiongris ahe thviintieatprovidesa twé stdfreaction which
support as part of the polynerization reaction form ng

may bbaised toccaipip antassbbrgive @bbp@ﬁdqirbeéinllinhH %0 a solid support.
flexibility and |l ess than optiml control over |igand

IndepstamtRiritly. pedfdiping SRPOA ¥) SRVdePS AuRdiAt advaRtagtS, including

random coupling or multiple point attachnent rely on

flexibiity irffReNEh@IEe WP asa¥aatif® gPolips, Brefcdh fgands i
Mul ti pl e point attachmentb ofégeibsr [ ttPean gé?gﬁthdtsypgrorts, and

trePBYEtheT48b d¥'HaEBERtild Bl |
conSERNShe4l BB o SN LABAp onfyzation o

conaMBH 15! P e Sl WLSABE G H). { irasts i
prewiel BB EE S D0l o KB Bl e B mnar. = ke
assielh SBUIRGE S AR BaP e B € P BER R R
assoagﬁﬁéaﬁ&dg.i c binding of unwanted contani nant s on the

[033] In previously described methods the activating agent and the
associative group are either covalently linked to each other before being bound to
the solid support or are incorporated directly into a solid support as part of the
polymerization reaction forming the solid support. These methods offer little
flexibility and less than optimal control over ligand density. Other previously
described methods such as random coupling or multiple point attachment rely on any
amine groups available in a protein ligand. Multiple point attachment offers little
flexibility or control over protein ligand coupling to a solid support.

[034] Additional advantages according to the invention include the use of

two or more different associative groups and/or the use of two or more different

protein ligands. Yet other advantages include the ability to tightly control ligand
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matri x. Non-specific binding is a particular problem
for previously described nmethods which rely on coating
woOheo7gsidsd support with a species, such as an a0TaS2007/000366
cont ai ni ng speci es, capable of binding a desirable
protein ligand. The control of |igand density provided
by the invention avoids the high I evel of non-specific
bi ndi ng found in these previously descri bed nethods.
.035] Thus uncoupling the reactions for binding of
densyiy 39 opliFe A0amis Sapedily 'St SRadorkpthg il ober Aevantages
solid . support, the instant invention provides for
PFOVE&'F%'F'"S?SE? AW af iorne-epreitie PRding of Howastest centaminaats on the
activatin%”a ent and the associative group, thereby
matr, JNeRisRg 6@?mmmsdﬁﬁrmmamrpa¢m@m fog poevipkely described
chr omat ogr aphi c conditions, e.g., pH salt
methagsasiichdelyom coatingthaiselis suprert withl aspegjes hsuttragen amine
protein. Thus, in certain enbodiments the invention
contaipingesipecies capabie obbindirig aatasrablf proteindigandi getvwel cangol of
associ ative groups, including ratios where the protein
ligandidgasity ppocided iyt therineantimtavoide ths high RivieV of gonEpeaific binding
rati os where the concentration of the associative

foundirothesexuresitaisiyhdessriberhinettiody) of the protein |igand.
It is contenplated that a plurality of different

aqdens] atThies by anesuphyg B Hssrtiohs fé‘lablhﬁlh} SipRCASRIiative group
e a

of the invention. It is also contenplat t hat

and thelddivatibig @befit {3 Biec8blicslippai,ith8 iRaRE MvERYoR Provifes for better
to activate the solid support in various enbodi nents

contref of the: ¢dhtmtiaBibn ratigs bR bb¥h tHd aétﬁla‘figgta?%’ﬁ %ﬂh&ﬁégsoﬁiative

plurality of different protein ligan be used In
orou LAy BN GURIE: Sonk g b S b loReti e
d . H 1 1 .
condlendle P, S LRt GRS RAn fibr r ARl id Broosproein
ThusPIPé&rtdin @%b?&l%e;jﬂg HF? fientibf 'E%Werﬁbpattgé g’va?'ie]ct)rr 3PMRIs of

or subunit o
protein ligand and associative groups, including ratios where the protein ligand

concentration exceeds the associative group and ratios where the concentration of
the associative group exceeds the concentration of the protein ligand. Itis
contemplated that a plurality of different associative groups may be used in various
embodiments of the invention. It is also contemplated that a plurality of different
activating agents may be used to activate the solid support in various embodiments
of the invention. Similarly, it is contemplated that a plurality of different protein
ligands may be used in various embodiments of the invention.

[036] Protein ligand, as used herein, refers to a‘ protein that is bound to a
solid support and which is suitable for specifically binding a target molecule of

interest. A protein may include a full length protein, a fragment or subunit of the full

length protein, a polypeptide, or peptide fragment of a protein.
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| ength protein, a polypeptide, or peptide fragnment of
a protein.[037] In sone enbodi nents the nethods of the
wonvevnsissm provi de for coupling high density pPrParaism07/000366

ligands to a solid support. This in turn may enhance
the binding capacity, e.g., static capacity () and
dynam c capacity (), of the target nolecul e as
conpared to previously described nethods. As an

descr i bed mat hods typi cal |

ex@% o‘f‘usI ng &ep“é‘??fﬁ'ﬁ'?ﬂl the msitieds pf thejiavepten pr@wdg for

F g@ﬁqgcoc us A). per of solid support may be
coupfigg @g%%gpaqﬁ%mdmmstocﬁ selithsy t iThis M-tuppmay ehance
ein A per m of solid support may be | oaded. In

the béf&? PG CAPARIB6 - ge StatigerracitydQis) @ndyynaric gansoity (Qal), of the
may be | oaded on a solid support. In other enbodi nents

targeétmqﬂ@a@le 3 egynparedhto previeusly desoribed piathiodsippsran example,
some enbodi nents of the invention enhanced static and

usingipremiously dpaciihed matheds typicailydd -6 mbaftn-pidtbier A (| e., protein A
reconbinantly altering the protein A e.g. by the

derivad dram GtapliylacogsissAh per adiofiselid auppyrimeay bedo@ded. Using the
I i nker assisted coupling. [038] In certain enbodi nents

methbts ofithéivention e 100 g of protemArPereal SRBiRICSUPHbrE ARy be
solid support with at | east one associative group that

loadéds egertdin epibddiarints tavetthah® ﬁ@Vmﬂoﬁym@thA mMa\Fbe loaded on
solid support may be already forned .

a soligdupporit. ZBtbthsP BRiBoditteintat R\sb8 nﬁ&ﬁﬁltrﬁgy {1Badkd on a solid

| east one associ ative group. |In other ment s the

suppéAl ilf sé#@@ﬁ%o@ﬁﬁeﬁ@oﬁﬁeﬂﬁ@i dPEnh&nded static and dynamic
non- pol ynmeri zed, such that the associative gro RS

capaéildséré atalig ﬁﬁhoggfffrgértsrﬁeaﬁﬁlﬁé}ﬂ{y é\geﬁn eﬁ%?&[\ {, e.g. by the

reacted to forma ort w Ihcor'porat e

additRhSHd 8jdtiémeteSitiie U?% ﬁﬁﬁ%gﬂ Imﬂgﬁggl‘g‘&f?&ﬁﬁuﬁn

support” and the associ roup may

L] e S, BT bt eRiee
contagzgﬁg élt?g s6RY BLERLHWHPYUP R asP oh8 %24 Blive ‘6?38‘8 this cra]pable of
reacting with the solid support. The solid support may be already formed, egd.a
polymerized support, which may be reacted with at least one associative group. In
ot.her embodiments the solid support may not be preformed, e.g. non-polymerized,
such that the associative group is added to chemicail constituents that are
subsequently reacted to form a solid support with an incorporated associative group.
The reaction between the solid support and the associative group may result in the
formation of a covalent bond between the solid support and the associative group.
The associative group may thus be covalently bound to the outer surface of the solid
support and may also be bound to accessible interior surfaces, e.g. pores.

[039] Non-covalent interactions involving the associative group, such as

ionic interactions, hydrophobic interactions, van der Waals forces and hydrogen
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support and may al so be bound to accessible interior

surfaces, e.g. pores. [039] Non-coval ent interactions
wonvalogissy t he associ ative group, such as i oni 8CT/US2007/000366

i nteractions, hydrophobic interactions, van der Wals

forces and hydrogenbonds are al so contenplated. As an

exanpl e, the associative group nmay interact

non-covalently with a charged nolecule, e.g., a

r th covalently attached to the solid
b°”°'§ﬁ5%ﬁ a@"&@é djf‘ Fp'e apsQriativecgraup Wiayrinteract

tej and. Thus the solid support may be
“0"'%%15\' Ve‘ef' Q@C argg nelechlesed-nainQlwner Ewaws éﬁt/alpntly attached to
bjnds to the solid support and non-covalently
the splig svRe”- W he apseciative areup maygisopnterant withthsoproteintligand.
interaction may thus facilitate the coval ent binding
Thusgthe srlidhsuprarhmaydesmactivatensushl that theppotein ligdéd] cdvalently
sonme enbodi nents the associative group may directly
bindsrigdbe selidrsuppertsand dopwgmyalentlyi interattstwich treedséadtiatvey group.
intervening or |inking nolecules. In other enbodi nents

The ndrecaealent mteractiogn ougy thays faeilitate\thd edvakent bifdibg 'of the protein
where a first population of the associative group

ligand éathessolid sSuppmrt.sol i d support directly, and a second
popul ation of the associative group reacts with the

s04@] supponie entiddfnihis e AsdiciRe GoupPhay direk react with

nol ecul es. In addition, the associative group may
the soliisdipesht bythaot theahead fav Ay mtéhvehfg SPRMGHY ?ncSIQSﬂI%QY In other

i ncorporating at |east sone of the associative group

embaddihentd e asderiativel feupan 'Heeprgl R gp?”é H‘rﬁthﬂ'g WRER QFirst

the associative group to react

popul%ﬁlfbﬁlcﬂ@ﬁé )észéthlvé p?mﬁ?l'éé’c@ he- sdiidSs o | ve et !}P S?\d a

certain chem cal reactions t € assocCl

secoﬁ’cﬁﬁbﬁﬁl‘éﬁoﬁ Okt Sg%élﬁﬁ?ﬁ gf’c‘{@é ? c.ltt¥ mhtﬂet%‘?dp%;n%rpmdlrectly

['1gand may react wt ng group,

throu@ﬁ %@%t@l 'Jtnér 5 i 'rﬂﬁletcgf‘eso " ﬁ%@“{;@%g%&sggﬁ%gﬁé&g may be
modifﬁnggg iag{ difo RH% @Qggrtrﬁﬁg%ﬁ e t\ﬁaetrcleg)g r%ro?ggratirl;gmﬁ\feaét some of

Ya va ronr
the associative group into the linker molecule while also permitting some of the

associative group to react directly, e.g., covalently bind, the solid support. Due to the
nature of certain chemical reactions, the associative group designed to interact non-
covalently with the protein ligand may react with the'activating group, thus eventually
coupling the protein ligand to the solid support through a linker arm containing both
the associative group and the activating group. However, these activation reactions
modify both the solid support and the associative group, creating a distribution of
protein coupling sites. One population of these sites comprises an activated group
linked to the solid support through the associative group (as would be the case with
a CNBr activated secondary amine). A second population may exist, where the

coupling sites are comprised of an activated group directly attached to the base
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nodi fy both the solid support and the associative
group, creating a distribution of protein coupling
weizv@ns1gBne popul ati on of these sites conpri seBCAMS2007/000366
activated group linked to the solid support through
the associative group (as would be the case with a
CNBr activated secondary am ne). A second popul ati on
may exist, where the coupling sites are conprised of
an_a tivatqﬁ roup directly attached to the basematrix
mat B RISl Bl GSpuoyidbeaia ersswithe: CNBr
.case with a CNBr activated base matrix with residua
aCt'Va?ﬁFEB?w nptdx vathyeasjduatiunsgdifigs secpadanyeaarsings) dhis is one
di fferences between "l inker assisted coupling" (where
exangpleyof sliféerspsas etwaent linkarsssisied icouplingl(vherstasily and
"“ligand assisted coupling"” (where at |east two
popujatiomef eoynlingl sitasomaysixisteliphd figasid assisted exiging” (Where at
wi der range of coupling conditions and configurations
leasicdwe variakle poputhtidnecficsripling sites oeapeiist). g Wwideraafdgé ¢ coupling
activating group can be independently varied in the

conditjques, ardvoomfigurations @ahibe ilizeld, beeagse tis absy@htes group and the
[041] Al non-coval ent interactions between the

activatispgraup ean dedndepardénty vamdeimttd §peUdaridlint and reactivity of the
contenpl ated. The non-coval ent interaction with the

groups (iveived.i gand may include, for exanple, an ionic
I nteraction, a hydrophobic interaction, an interaction

mgdiat edalPioRysHVRlER iIRRPEETShS betitrife c?atfv%rgﬁ'gﬁp and the

[042] In one enbodi nent the 1 nteraction between t

proteis igand bire/ BoRePhiPlafif THENSR-LoThlknt iirﬂ@%t{é?t?’v\\;@’? gl}eg Etoctein ligand

As an exanple a positively charged assocr at
may S 130 P b SURBRT A AT ySRBD o
intoractiin Metlatod By Hyfbbef BERHER of VP oRENG Fiowthor ¢

g8 e aBolih St SR DA TE befvedr bt SssodRtigerou and
the protein ligand may be ionic. As an example a positively charged associative
group can be bound to the solid support. The solid support may then be activated
with a chemical functionélity that will facilitate chemical binding, e.g., covalent
binding, of the protein ligand to the solid support. The pH of the solution containing
the protein ligand may be adjusted such that the protein carries a charge
complementary to the charge of the associative group associated with the solid
support, e.g., at least one negative charge or a net negative charge. The interaction
between the positively charged associative group bound to the solid support and the
negatively charged protein will facilitate the bonding of the protein ligand to. the
activated solid support and thus provide enhanced binding capacity compared to

previously described methods. The charged species may be an ion, or a molecule

with a net charge.
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conplenentary to the charge of the associative group
associated with the solid support, e.g., at |east one
woegeosyssicharge or a net negative charge. ThePCT/US2007/000366
i nteraction between the positively charged associative
group bound to the solid support and the negatively
charged protein wll facilitate the bondi ng of the
protein ligand to the activated solid support and thus
pr.oyjide enhanced bi ndi ng capacity conpared to
pr[ﬁ&ﬂusq%oﬁ‘@% the aprreriale buffer copritiogsdor pedpling apyotein
) aﬁ an ion, or a nolecule wth a net charge.[043]
ligange 3y surpashis well within ther eapakylitywifthe skilledrartisan. Suitable
coupling a protein ligand to a solid support is well
buffegs inglude ary bapamine gontainingbuier sech astdashonatSybicatbenate,
buffers include any non-am ne containing buffer such
phosphateaanmbacetate biuffers oSatteonpantation ef #nelbaffet willkdepend on the
buffers. Salt concentration of the buffer will depend
assodiativé greigs used! iAseay ezamplss thik sa@is cancenteaidrenidy S Rl the range
concentration may be in the range of 5nM 100 nM
of Snlihetd mM.hWYigerd s phaigrl sediesis tded # balt @8RG tFaRIIOMay be at
may be at |least 5nMbut less than 0.1 M at |east 5nM
leasti5inM batkessithan @. Pll)at RSast 6aM bal¥sB4hah €531 MhaNieast 5nM but less
0.001M 1In certain enbodi nents the salt concentration

than 0W0104. fh Bdridin sthebaindetsdhe BBRRIGH bes | .
hi gh salt concentratf on may be desic;éggfégsﬁm%%latéﬁgow' Where

a hydiapholsie BpeBldsakiRd BN '
Y gr%a?er%t?)ﬁan 0.01 M g}ggg?ﬁ Sﬂ%ntﬁ)é.}%&a?%4%??eble' Thus the

salt COREERTatidn WX EQ&%@P%&W%@@?OMSS%’J@E%Q{ ?i‘ﬁ M, greater than

tenperature ranging fromoO certaln
0.1 Menbodi ments the nmethod may be practiced at a
tenperature | ess than 600C, |ess than 400C | ess than

2RS4l Tt 9B nd BT, APHR TR bl T dSotre
rangiﬁg f%ﬁgf?gmp?gﬂiéeen%%ﬁ gﬁﬁ&@%eﬁts HE mdiSs trri1e?ynbén%}{acticed ata
temperature less than 60°C, less than 40°C less than 20°C, less than 10°C. In some
embodiments the method of the invention may be practiced at a temperature of 4°C.
in other embodiments the method of the invention may be practiced at a temperature
of 20°C.
Associative Groups

[045] Associative groups suitable for use in the invention include charged

species such as ionic species, and uncharged species such as hydrophobic species.
The associative group may modify the solid support, e.g. by covalently binding
directly with the solid support. Suitable examples of ionic species may include
quaternary amines, tertiary amines, secondary amines, primary amines, asulfonic

acid, carboxylic acid, or any combination thereof. Suitable examples of hydrophobic

species may include a phenyl group, a butyl group, a propyl group, or any
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of 20C. Associ ative G oups [045] Associative groups
suitable for use in the invention include charged
wepewimsssssuch as i onic species, and uncharged BOEAISe®?7/000366
such as hydrophobi c species. The associ ative group nay
nodi fy the solid support, e.g. by covalently binding
directly with the solid support. Suitable exanples of
ionic species may include quaternary am nes, tertiary

am pnes,. secongary, am nes, pr,i am nes, asul fonic
combifiafio gregk, [t Blsg coniciriated dh#biiad Biedershacias may be used,
Sui.t abl e _exanpl es of hydrophobi c species may _include a
e.g. 3 fuxtire of gharded and hydgprbiabic speeispy ITher asgeciative group may also
) anyconbi nation thereof. It is also contenplated that
interagtdth theypralpiadigandadup dhe datgraation betweent theassociative group
charged and hydrophobi c species. The associative group
and thgyprateid ligandmaay beaicompriredheba enikture gdinterations: &g. ionic and
i nteraction between the associative group and the
hydrophabi¢ specigand may be conprised of a mixture of
interactions, e.g. ionic and hydrophobi c species.

[ §246] ThEhesassodiative graupnrayry coealeatincenpled toaHelsetid support
to the solid support by reacting a functional group on

by retibting al fueictiomalgrbupionithe doliduppar wilh @anefioh&iggroup on the
associ ative group. Suitable functional groups include,

assobiativeigeo®! SuitableefinkfoRdl diBtips YsluaE Ybut el dtYitkitdd to amines,
carboxyl, imne, aldehyde, ketone, alkene, alkyne,

hydrcd&®, sultytinf|Eca®ioRyl, fHRineC HRIKHIRIS kaftheA Gliker, %%%/ned azo, nitile,

carboxylic acid groups. As an exanpl e agaros ea

epoxﬁ%r,‘b?'hﬁogé!ﬁ'é Qﬁﬁlacﬁfl%%bmic{@é’id gﬁéﬁg?ﬂ%gaﬁ@kgmﬂ@agamse

epoxi de Tunctionali a positiv ( _
e AR o U 6 el I R Bscnary
of a R Lhaflec SRR el Ui HEIQAIHPIGF bR
chlorides %X 'sﬂhl'e\{ieartisan will appreciate that a plurality of associative groups may
be coupled to the solid support provided that at least one bifunctional associative
group is used. Thus associative groups may be coupled in tandem to the solid
support or they may be individually coupled directly to the solid support.
Protein Ligands and Target Molecules

[047] Any protein ligand may be used in the practice of the invention

provided that it is a specific binding partner of a target molecule of interest.
Examples of protein ligands may include Protein A, Protein G, the Fc receptor of an
antibody, a receptor for a hormone or growth factor. The protein ligand may be an
immunoglobulin, e.g. 19G, IgM, IgA, IgD, IgE or a fragment thereof. Fragments may
include immunoglobulin fragments which retain the ability to bind the target antigen

epitope, and/or bind to an Fc receptor and/or Protein A and/or Protein G. The

protein ligand may be an Fc molecule or fragment thereof; an Fab or the like; an
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group is used. Thus associ ative groups may be coupl ed

in tandemto the solid support or they nay be
wondnostsal | y coupled directly to the solid suppoms2007/000366

Protein Ligapds and Target Mol ecules [047] Any protein

ligand may be used in the practice of the invention

provided that it is a specific binding partner of a

target nolecule of interest. Exanples of protein
, Protein G the Fc

l.ude _Pr ot
enzyri 3 &'”ﬁ%‘hbﬁ%ﬁﬂness%%i%ee'a”wm Binae8s oig. AR rrokck; a
h f | d b
subs ﬁfﬁ\JM o8 Silhioncc e Pistein laah ay Baproigin tag auch as

ment thereof. Fragments may include immunoglobulin

P°'Y aﬁlﬁeqﬂrgpmng meel?rdmrq histidines. t The préfemndligard maydee a fusion
antig epi tope, and/or bind to an Fc receptor and/or

protegh 6%‘%*‘ ﬁs MR8 Fhepeteindigarisemay dieea muclaiaadidvindlig protein
an Fc nol ecule or fragnment thereof; an Fab or the

such gsi@ trangeriptjorefactorg revgrae atamscnptaseam;fcsi‘mraae helicase. If
tyrosi ne kinase, e.g. MAP, Src, Lck; a substrate, e.g.

the tajpet maieeire is alreceptor, etmhgargarajgme gPovathofaetati mayedkrve as the
such as a pol ypepti de conprising one or nore

protefi liganti ethe Miethquisodfethis ihvgatich.MeYhdre theftdfjedmdteeliRl 8 an
such as Enbrel(r). The protein Iigand nay be a nucleic

immuancigtotilindiety, WG bearfraginBnbtheredf COIREINIRY b@réafsﬁﬁtpﬁfmon of an Fc
reverse transcriptase, topo-isonerase, helicase.

regiohhithet priodeih ligahtGhag besPtéiAce b iteinl & or'd RARHonS! % ment
the gromh factor, may serve as the protein [1gan 9

therebheAranbsisal @fagh'iérﬂ th@i@ff%@y“mc‘ﬁ\g@é 8 F‘r%%lﬁ A ﬂsgment or a Protein

nol ecul e is an i mmunogl obul

G fragslmheqhattfélhmsrthe%aﬁhbh@ﬁé bﬁ‘ldiﬁg]{d Qﬂg%f ,ér OchqthSment, of

the protein |igand r ot
an Igunctional fragment thereof A functi onal fragrrent
thereof may include a Proteln A fragnment or a Protein

Gd49Matie prtolPé\B hp%?'rﬂé ﬁ%ﬁﬁgw i)éélrrmg 0L BRI 50an

an FC regio
engineered molecule. In certain embodiments it may be desirable to genetically

alter naturally occurring protein ligands to facilitate either binding to a solid support or
orientation of the protein ligand on the solid support or both. Thus, depending on the
associative group used, the skilled artisan may engineer charged groups or
hydrophobic groups, or both, into the protein ligand. These changes may be made
anywhere within the protein ligand.

[049] Where the protein ligand is protein A, the invention provides for a
static binding capacity Qs of greater than 50mg/ml if n-protein A (naturally occurring)
is used and greater than 65 mg/ml if r-protein A (recombinant protein A) is used.

The recombinant protein A may include modifications other than a terminal cysteine.
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[048] The protein ligand may be a naturally occurring

nol ecul e or an engi neered nolecule. In certain
weonharcdhismsmt s it nmay be desirable to genetical | pcaiusern7/000366

natural ly occurring protein ligands to facilitate

either binding to a solid support or orientation of

the protein ligand on the solid support or both. Thus,

dependi ng on the associative group used, the skilled

arfalaan ' I [Q . Or dr ophobi ¢
or0ERL" Wher e 56 sPRGRTS 5ParHe i alitionn B4t a Sead, a suitable
rade, anywhere W t hj protein _
concBRERNEN oF Bl it Y tahgearom Y. Barbd Bmglsdrt e aglid support,
i hventi o tovides for a static binding capacity
0.1 'EQSW?J?&H QFS&f‘fgﬁuB@ﬂﬁf m if n-protein A (naturally
oc[ Br{inﬁg Is used and greater than 65 ng/m if
r-(é 4t ei FArget meleawesdney prcduds anpymeleculeashichtepecifically binds
reconmbi nant protein A may include nodifications other
to the preteln ligand atsheige: ¥Vherd theqrowindigantds pooteih Augpadtein G the
is provided in solution, e.g. a bead, a suitable
targe gheleatledanpy inadade aotisimuhoglebdlinmaf thealyf® stibokss. A specific
0. 05-700 mmol s/ m of solid support, 0.1 -100 mol s/
example of astarget nsaigsule wolikbihic|uBer g etonosleealletiboay. Fragments of
) i ncl ude any nol ecul e which specifically binds to the
immynaglebulinsi zyaraisboutmhpl@ted/\bﬂi\ﬁdé@maﬂtﬁéf rétalin #Aabifity to bind
protein A or protein G the target nol ecul e may include
to thea proteinuligagidodiithoicesf Thbetaf?&: rﬁbf@@h@sﬁmax‘élwﬁgé fusion protein
exanpl e of a target nol ecule would include a
includingari Boflision prrdtedly suh ag'Efbrel® | nmunogl obul ins are
al so contenpl ated provided that they retain their

Solica8upployts andiActivating Agumsei n | igand of choice. The
target nol ecule may al so be a fusion protein including

22 d[552f UShyPPoiduat rﬁiaﬂarﬁTl Mﬁ%@@ﬁ%é 4 )soliéghbﬁgﬁy ﬁg\graiy:exam ple,

Activating Agents y porous mate

but #oe8saFlifitaMon, the PHehE mARHA MEYIIRL $he form of a membrane, a

bead, a gel, a cassette, a column, a chip, a slide, a plate or a monolith.

[053] The porous material may be comprised of an organic or inorganic
molecules or a combination of erganic and inorganic molecules and may be
comprised of one or more functional groups, e.g., an hydroxyl group, suitable for
reacting, e.g., forming covalent bonds with either the associative group, the
activating agent or both. The porous material may be comprised of a hydrophilic
compound, a hydrophobic compound, an oleophobic compound, an oleophilic
compound or any combination thereof. The porous material may be comprised of
a polymer or a copolymer.

[054] Examples of suitable porous materials, include, but are not limited to
polyether sulfone, polyamide, e.g., agarose, cellulose, a polysaccharide,

polytetrafluoroethylene, polysulfone, polyester, polyvinylidene fluoride,
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but not as a limtation, the porous material may take

the formof a nenbrane, a bead, a gel, a cassette, a
woabamgissa chip, a slide, a plate or a nonol it RCT[US3®]/000366

The porous material may be conprised of an organic or

i norgani c nol ecul es or a conbi nati on of organic and

i norgani ¢ nol ecul es and nay be conprised of one or

nor e functional groups, e.g., an hydroxyl group,
coval ent baonds

polyii3phitie; AdRlorhEARE Bt UghBliHoraaiEy gae rapspeigoroalkyl viny!
etheagﬁ&tj\lgrﬁm Otag C%&MEEW ous rmterl al r;gg@%;pgg%grﬁgtde of

ol eophobi ¢ conmpound, an O|eOphI|IC conpound or any

PolyaesHiside; Bﬂ'yf%?é?'%‘apne)rr@'mvm@. gatamicanylamyamd metal.

" corrprl sed of a pol yner a copol yrmer. [054] Exanples
of @%ﬁ?'&bﬁépﬂ@ﬁtm@y hata@twate@l Wﬂmahlﬁmropuateachemml functionality.
limted to pol yether sul fone, polyam de, e.g.,

Suitaile cbemical dun mmeanp@y;rmcdmayanbgens e.g. cyanogen bromide,
pol yt etraf |l uoroet hyl ene, pol ysul fone, polyester,

aldelysiey wpoyxided and ddtivatedi earbaixylic apid, eng, N-hydroxysueairaiie esters
e.g. poly (tetrafl uoroethyl ene-co-perfl uoroCal kyl

or anyi corhbiaatien thiereps! Alteandtiveht, avhdre! thetdusoertivelraap is a primary,
pol ycar bonate, polyacryl ate, polyacryl am de,

a sequridaiyzan tectiarp emine thes hyscigtivec §iodp haybe Qé‘tn\i%ﬂgd with
nmetal. The solid support may be activated with an

epicrapihydrini cartpdifiveeticiall epRiglel onal i ty. Suitabl e chem cal
functionalities may include cyanogens, e.g. cyanogen

Linkérson de, al dehyde, epoxide, and activated carboxylic
acid, e.g. N hydroxysuccininm de esters or any

c qo@s]n atlh@onhd eHfsd m‘l%'n?sefﬂ@ﬁw\/éﬁ{léfn gés taggociative groups and/

associative group is a primary .
or Profei ISR mel oﬁ%ﬁ?ﬁ%ﬁﬁ &ﬂfbﬂ%/g ﬁh%&‘(%bfrﬁg inker.
The linker may comprise at least one functional group coupled to a linking moiety.
The linking moiety may comprise any molecule capable of being coupled to a
functional group. Thus the linking moiety may include any alkyl, alkenyl, or alkynyl
group. The linking moiety may comprise a carbon chain ranging from 1 to 30 carbon
atoms. In some embodiments the linker may be comprised of more than 30 carbon
atoms. The linking moiety may comprise at least one hetero-atom such as nitrogen,
oxygen and sulfur. The linking moiety may be comprised of a branched chain, an
unbranched chain or a cyclic chain. The linking moiety may be substituted with two
or more functional groups. In one specific embodiment the linker may comprise of
the following attached through a hydroxyl group to agarose:
CH2CH2N(CH2CH3)>CH2CH(OH)CH20(CH3)4OCH,CH(O)CH..

Methods of Purifying a Target Molecule

20



[055] In sone enbodi nents the invention provides

associ ative groups and/ or protein |igands which nmay
woeomspdsed to a solid support via an intervenbPag/us2007/000366

linker. The linker may conprise at |east one

functional group coupled to a |inking noiety. The

l'inking noiety may conprise any nol ecul e capabl e of

bei ng coupled to a functional group. Thus the Iinking

j i nclude any al kyl,  al kenyl, or al kyn
olBERY ThveafHin e oinerys Hh risiipt stovdeampRthamhehpurifying a
ran to 30 carbon atons. |In sone enbodi nents
fafgemé& &'@ﬁom@%v% pederoeimalgeuleman beoarymslacule with a
atons. The |inking noiety may conprise at |east one
speciigtipgdingtRarnardHoMideditha thenspesifje bindingipstheumayTe coupled to
I'inking noiety may be conprised of a branched chain,
a solighsupnathn Exempiemphitasgetaneledules otayi inclutieeproteiks sgch as
noi ety may be substituted with two or nore functional
imng'mglmisulinsn ‘binez inaperiogiabudims odaybet pdlyaohaindetibotiys or a
conprise of the follow ng attached through a hydroxyl
monapiongl ardibmgiyrarsefurchidaliNg Gir2GHN el OF( AR fragments may
(CH2) 49 CH2eH(O) CH2. Met hods of Purifying a Target
includé bey ftzafriéh] of an ramunbglobuindio®piising Revarikas régidn that still
provi des a nethod of purifying a target nolecule from

bindsaspecifically. to ittcahtijegeivhii® lag ¢he SaftirAe réfélmﬁ@h&%ﬂnﬁty to
with a specific binding partner provided that the

specifipay bird 1 é‘@hﬁlﬁwﬂi’#ér&?éo@éd% L8R fpgdrr.a sol i d
o

support. Exanpl es target nol ecul es rmy I ncl ude

PIOSE] NInTBéHaiRemBBdReatLMHd r'n%fhodTBS Q%glcgplk%dtﬁg; a solid

may be pol ycl onal antibodies or a nono ant

supp6ft o the! iRl (ab'dIERBEd tg;é‘?éﬁ?(mth':é* Wﬁfdugcg %bn{;{rfé%? B'3rget

may include any f ragnment I MTuno

mole&AERjH I%t %af bﬁ@érﬁil{uﬁ% Q0ch fike tﬁ{e 't% ﬁg?wnémtﬂe%eclf ically

speci |ca to 1ts an en whi
bmdsLt?E)tﬁb'BrBﬁ-:llg tgéaﬁg oéﬁéf)l?ﬁ‘%a ﬁ?& gé( 41 gﬁéh%%%'pﬁ%) alteting the conditions

such that the target molecule no longer binds to the affinity ligand. In certain
embodiments the method comprises altering the pH between step a) and step b). In
some embodiments step b) may be performed at a pH that is more acidic than the
pH of step a). In certain embodiments step b) comprises altering the pH.. Thus step
a) may be performed at a neutral pH, or a pH ranging from 6-8 and step b) may be
performed at an acidic pH, e.g., a pH ranging from 1-6. In other embodiments the
method comprises altering the salt concentration of the buffer. Thus in one
embodiment a high salt concentration, e.g., > 0.1 M, may be used in step a) and/or a
low sait concentration, e.g., <0.1M méy be used in step b). In other embodiments a
low salt concentration, < 0.1M may be used in step a) and/or a high salt
concentration may be used in step b). In still other embodiments the pH and/or the

salt concentration of the buffer may be altered between step a) and step b).

21



[057] In certain enbodi nents the nethod conprises a)
contacting a solid support of the invention (as
wdesavosissd herein) with a m xture conpri sing arPC&USA07/000366

nol ecul e under a first set of conditions such that the
target nol ecule specifically binds to the protein
i gand, coupled to the solid support and b) altering
the conditions such that the target nol ecul e no | onger
binds to,t affinity |igand. |n certain enbodi ments
the net h%ﬁ%ﬁ%?f’?&?xﬂﬁﬁ ma gf Ghromategrapbic Matrjcas
agﬂ gi ep, b). I.n sone enbodi nents step b) may be
pePP8l nelh @irtain smbogimants the investian @lsharvides ginethod of
step at%{. In certain enbodi nents step b) conprises

washing &¢tHgmategiarhy nmatiix totrepreye newy-specifiealiybovnd sontaminants
neutral pH, or a pHranging from6-8 and step b) may

and thasbtaior arpurestfinah paedutitc Tite, matrix may ipeluderariynghronsatographic
1-6. In other enbodi nents the nmethod conpri ses

matrix|kr@wmin thecartas aroexamipia tthe chodmatography eatriXimsy ba an
one enbodi nent a high salt concentration, e.g., > 0.1

affinity meayrivoe The edfinity siatix mayaselany of thewffytmatrices described
concentration, e.g., <0.1M may be used in step b). In

hereiaf reluding @i affinity neathivwisich is ARG gEAPAssiStdd dGAMY. The
be used in step a) and/or a high salt concentration

methodymbg indlede bR ifletmddlatelWash WhichoRridrRROAAE e tiggg”et

pH and/ or the salt concentration of the buffer may

molealileatifbbehdVes thes Eigfonaat Hié i TG
Washi ng of Chromat ograpﬁlgggbl\/at ﬁiﬁhctg)s( ?’gg%ﬁﬁll?ndaggﬁ,?%ﬁﬁﬁc adsorbed

contBfiPRAtBHSInERGE! éﬁ&ﬁéﬁﬂngﬁnéhf%_oeﬂ X i}iﬁ%&/@em&lefor product.

washi ng a chromat ography matrix t

Exarfslas SPfohidpeifical) P d%témiﬁﬁﬂﬁp%ﬁ?‘i&g&%ﬁgﬁéﬂs? DNA, lipids,

purer final product The matriXx my

endof&ﬁWr%@Fﬁﬁml VBRI bthek Qﬂ’{/ﬂil nrjlral?lédﬁ?esa{ptcbug?@ ﬁﬁppg”e& peptone,

exanpl e, e chromat ograp rx na
pluroRRL E6& - arl 'eniﬁég'gfaity matrix may be any of the affinity

matrices described herein, including an affinity

o5 W drinddfe REshingARlgRRP Hil SShrisHEs b%qulfiating
buffer or a buffer having similar pH and salt concentrations as the feed (i.e. the
solution containing the unpurified sample), and further comprising a) an elevated
concentration of salts (e.g, sodium chloride, ammonium chloride, sodium sulfate,
potassium chloride, ammonium sulfate, etc), or b) a different pH (lower or higher), or
c) combinations of a) and b), or d) additives, e.g., surfactants (e.g., Tween), amino
acids and derivatives thereof, or an organic solute (e.g., ethylene glycol). The
intermediate wash may reduce non-specific binding of certain species by 2-5 fold
when compared with wash solutions such as PBS. In sc;me embodiments more than

a five fold reduction of non-specific binding of certain species is achieved when

compared to known wash solutions such as PBS.
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nmet hod may include an internedi ate wash which is

perfornmed after the target nol ecul e has bound to the
wohoavmaissgr aphi ¢ matri x. Typically non-speci fi 8CT/US2007/000366

adsor bed contam nants may i nclude any conponents

except the target nolecule or product. Exanples of

non-specifically bound contam nants nmay incl ude

proteins, DNA |ipids, endotoxins, viral particles,

a her small mo| ecul es includi ng phenol red,
o968k e TSR aimi R EaIM s 43 inyextia Prpusies armisthod of washing
Lntermedi gt e washi ng reagent may conprise an
an aﬁﬁ‘ﬂﬂ’ g %Prfﬁnlﬂ)ﬁ‘% “'§Peg'?'5%‘bf keungd spagiesiqamprisipgicantacting an
. salt concentrations as the feed (i.e. the solution
aﬁ'“'ikbmaéfi"hw 3 Ruffan paving; aslighilydrasic phhe.g.u7 8ra6) and a
onprisinq a) an el evated concentration of salts (e.g.
suppiaetiedciaibeearentatiashianginghfrom @< Ms Jiusithe Wufiar enay be PBS,
pot assi um chl ori de, ammoni um sul fate, etc), or b) a
or any; gther suitala fuftakethadis furtiiessppptementedonith aatitonal 8alt. In
a) and b), or d) additives, e.g., surfactants (e.g.,
some ggthedimantsthessalti somcehtriztionvianigee frarh . €8I, tooTMann yet other
organic solute (e.g., ethylene glycol). The
embodiments theasalt wasbentigtiore cargesfoomsP26 M o1 1. e il Sther
certain species by 2-5 fold when conpared with wash

embadimenitotie salt toaseMPSion MarREErGMIRIENER 6510118 ddMd 2
five fold reduction of non-specific binding of certain

embsdin@ings thes sak BbAreRtratie; fErafah ©.600V0 WA
sol utions such as PBS.[060] In certain enbbglan%r?tssth??]g'sM'

| GG | O BiffRH diBodintEritd aik BLMMATLBES LAY BieY suitable

matri x to renove non-specifically b speci‘es

buffef.4fiBy hekBGhrF ABRCHHTE. Ao ) %@Bbé ¥9E§@%§}t&gtﬁglt}%‘é%%tion that

aving a slightly basic p
o ook Rl GBI 0%, 9O S Hhoocimrss e
e gy LS GHPST! o A A e e
buffef A2ESSorhpAZE Bnt ¥¥hbPe Mg A5 385. The wash buffer may
comprise an amino acid or an alkylated amino acid including betaine, L-alanine,
glycine, valine, glutamic acid, and lysine. The amino acid or alkylated amino acid
may be present at a concentration ranging from 0.25M to 0.5M. In certain
embodiments the concentration of the amino acid or alkylated amino acid is less
than 0.5M, but greater than 0.0001M. In still other embodiments the concentration of
the amino acid or alkylated amino acid may range from 0.0001M to 1M. Suitable
amino acids which may be used in an intermediate wash buffer include, but are not
limited to glycine, valine, lysine, arginine, aspartic acid, glutamic acid, as well as
amino acid derivatives such as n-methyl glycine, and trimethyl B-alanine. In some

embodiments where the intermediate wash buffer comprises a buffer supplemented
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enbodi nents the salt concentration ranges from 0. 25M
to 1M In still other enbodi nents the salt
woaenasigsat i on ranges from0.25Mto 0.5M | n SBOE/US2007/000366
enbodi nents the salt concentration is greater than
0.0001 M but less than 0.8M [061] In other
enbodi nents the buffer, e.g. PBS or any other suitable

buffer, may have an acidic pH (e.g., 6.5 and a
n t hat | ess than 1M

|
with %H%f‘g’?@ %{Sﬁgnatraﬁgg%a} |v§ ve,oth@,\guf?qrﬁngy ihave s ﬁl@htly acidic
H, msntst e&gé may have a slightly basic pH
P ?8 51 rgngeg 8ne enbodi ments the wash buffer

may conprise one or nore charged am no acids. The wash
buffer may conprise an a or an al kyl ated

am no acid including betaine, L-alanine, glycine,
valine, glutamc acid, and |lysine. The am no acid or

ExamPI@/ﬂ atl.agaach aaslatedjcoapllbg ysiagaiaternant anfiAB gt dy)

n n, C i n embodi nents t he
cyar{og%,q{emg ?Fc{rﬁﬂ%}e 8P ??'32?'9%554@“8{'“61 kyl at ed ami no
acid is less than 0.5M but greater than 0.0001M In

stlDBR] otAgarosethetidse(8ephadrose 4B} ¢GE Hehlhicare, Pisalaivap NJ)
acid or alkylated am no acid may range from 0. 0001M t 0

werelivbsslinkedhisingepichiaohgdrinzicebrdiny tda preebusly déscribed method
i nternmedi ate wash buffer include, but are not |imted

(Pordth ayid/Eormetedtal 0T, J.| GBidMatograpHy, B:4PHPaTRd Ggafds® beads were
glutamc acid, as well as amno acid derivatives suc

reacted ththbﬁiti\l/eD'drﬁrQQd a%BScfthéfg?%‘L;{% e\?vg L%E]bpseaéébramﬁem the

enbodi nents where the inter

folloviiagmhéthed: a00WhE &F b‘é‘éBE'vﬁ‘éPérEcﬁ%Hf t;d;} @G‘mn;f}_nhggg%gw{jgﬁfmdyl

an am no acid derivative, the

tnmeﬂ'lyléithhl%' &Ifrnﬂ’é‘(G%ﬂAC) Bndie3 %165;}9% Wi ?c?d i8r'n6h3?c§r8xide. The

Exanpl es Li gand assi's oupling us

reactﬁiﬂg?%% gﬁ%&ﬁ?ﬂgﬁ%#ﬁﬁ?%o R 88 S rth Y Ll rtBQI/ernig ht at room
temperature. The beads were then filtered and washed with three 200 mL volumes
of Milli-Q water (Millipore Corp, Billerica, -MA).

[063] The beads (10 mL) were filtered and then equilibrated in 20 mL 1M
Na;COs. The sample was chilled on ice along with a second jar containing a solution
of 0.5 g CNBr/mL acetonitrile. Once the solutions were chilled, 1.5 mL of the CNBr
acetonitrile solution was added to the beads and the beads were placed on a shaker
(>100 rpm) on ice. Two minutes later another 1.5 mL of the CNBr acetonitrile
solution was added to the beads and the beads were again placed on a shaker
(>100 rpm) on ice. The beads were allowed to react for 4 minutes and then washed
with 200 mL ice cold water and 200 mL. of ice cold 0.012 M NaHCOs and filtered.
The filtered bead cake (10 mL) was added to 10 mL of 0.012 M NaHCO3; containing

140 mgs of n-Protein A
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[062] Agarose beads (Sepharose 4B) (CE Heal t hcare,

Pi scataway NJ) were crosslinked using epichlorohydrin
weaceaodissg to a previously described nethod (Pecas2@mdo036e

Fornstedt, 1970, J. Chronatography, 5 1:479). The

agarose beads were reacted with positively charged

associ ative group, e.g., cations, according to the

foll owi ng nethod: 100 m _ of beads were added to 100

nl, of, 75% | ycidyl trinethyl anmoni um chl ori de

(14 ey The Beads Weré Soplien & dptm RpIesale OvRRBIgNt, The beads
reactio s..shaken vigorously (> 100 rpn) on a rotar

were RS AYAThAS Wita k2 M angiitered.c Theihsasbeeke wesadded to 20
then filtered and washed with three 200 nL vol unes of

mL of 013 M efhagolaming in1Q.3 0 Natde . Biftard0 minutesithe beads were

The peadsMO m) were filtered and then equili brated
washeg with §.2 lah'@)as,:;lﬂmesoglmmla@em with DI%&M Nadl ¢eH 4.5) and
along with a second jar containing a solution of 0.5 g
then Ginelly withqahwisphiate bu#ferethsalineh eStaticiaricodgnavaicecaybudityasas

1.5 nmL of the CNBr acetonitrile solution was added to

detemfined escdesznibet e lbwad ExsnplepiZaiced on a shaker (>100
rpm) on ice. Two minutes |later another 1.5 nL of the

Exanaaar2a¢gganuwsi§iaew¢ufnpnng\mngm§rna ngﬁéd anis,
t he ads. re.a n a n a shaker (> rp on
cyanpgg_nb%%nB%e\gﬁgd\@?’léogﬁpﬁ%.%@g@a& for 4 mnutes and
t memwas«gea}ogeudéa&ggggwae@séab?* (@&t REarchré0Pidhatlay NJ)
ice cold 0.012 M Na and filfered. The filtered

were leeoskitwkis Bbichtétonpdas %cb,@rndll%z %a%;e%o)@%&%%é\%lgg%neth od

containing 1 ngs of h-Protei

I; t t 197 t. /
(PoratR =R dSHGHB it 19201, @gﬁbgﬁ{tﬂbﬁg%%gnmﬂ}l l'l{l’]é%‘ég?@%ébeads were

were then washed with

e E8 cMAG See oS, L SRSt e
follo%%%%dg’h gl?’ﬂg%f bBads Wer@HdHBAR G ALt P58 Wt Mycidyl
trimethylammonium chloride (GTMAC) and 3.3 g 50% wt sodium hydroxide. The
reaction was shaken vigorously (> 100 rpm) on a rotary shaker overnight at room
temperature. The beads were then filtered and washed with three 200 mL volumes
of Milli-Q water (Millipore Corp, Billerica, MA).

[065] The beads (10 mL) were filtered ?nd then equilibrated in 20 mL 1M
Na2CO3. The sample was chilled on ice along with a second jar containing a
solution of 0.5 g CNBr /mL acetonitrile. After the solutions were chilled, 1.5 mL of
the CNBr acetonitrile solution was added to the beads and the beads placed on a
shaker (>100 rpm) on ice. Two minutes later another 1.5 mL of the CNBr acetonitrile
solution was added to the beads and the beads placed on a shaker (>100 rpm) on
ice. The beads were allowed to react 4 minutes and then washed with 200 mL of ice
cold water and 200 mL of ice cold 0.012 M NaHCO3 and filtered. The filtered bead

cake (10 mL) was added to 16 mL of 0.012 M NaHCO3; containing 285 mgs of n-
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then finally with phosphate buffered saline. Static

and dynam c capacity was determ ned as descri bed bel ow
wonoEeangsie 12. Exanpl e 2: Ligand assi sted coupCirmg2007/000366

usi ng quaternary am ne |igands, cyanogen brom de and

n-Protein A (17.8ng/m ). [064] Agarose beads

(Sepharose 4B) (CGE Healthcare, Piscataway NJ) were

crosslinked using epichlorohydrin according to a

h d
Sl e A e BRI R L —
reacted with positively charged associative
The §Ea§wer% i WasheBwith B M NAE Goapadhetd.olnapead cake was

hod: 100 mi  of beads were added to 100 nL of 75%
add%tqﬁq/mld?i 0.6 Virethapelamipaiin® <M baHzO¢.GAleE)30amintes the
50% wt sodi um hydroxi de. The reaction was shaken
bead%i Werowsshed with00.2rMrijaldeQs, Dot W sodibak acetate withght MtNaCl (pH
roomtenperature. The beads were then filtered and
4.5) and fiealiyphbsphatec iftredisaling ur8tatio an¥ dyinanticwaipatity was
(MIlipore Corp, Billerica, MA). [065] The beads (10
detemhinedersedésdribedeoelondint Beampgui2.i brated in 20 nL 1M
Na2CC3. The sanple was chilled on ice along with a

Exampbo ulgandmﬂsistbm§oapﬁﬂbujsmg dqhiaterhagy ENBhe/Ilﬂandnsﬂ

acetonitrile. he solutions were chilled, 1.5
cyan&ge[rhg romige ap ﬁf?{qméesol uti on was added to the

bgads] andgatreltass Earfosd 481?@@ﬁba(tﬁéar%o FflsRi;Qta\ﬁﬁy NJ)

ice. Two mnuteslater anot her 5 nmL of the CN

were&ﬁ‘@&@llﬁkb"d' Using epitHIGdbHYaRNn %&%Fﬁlﬁ%té BEprRGRAR Bg%&ﬁ%d method

beads pl aced on a shakér (>1 on i ce.

(Pordtﬁreﬁwﬁ# bt ‘?9‘76 agt Cﬁrdﬂigfgbg%o A 1t'?%‘)c oPfie) ?xgagﬁ%ﬁieads were

m_. of ice cold water

e T s

follovii3 lﬂé%f%t@EngLrﬁ%u%rngJeog\ggrvp]y lded 1186 o756 REH2Mhy
trimethylammonium chloride (GTMAC) and 3.3 g 50% wt sodium hydroxide. The
reaction was shaken vigorously (> 100 rpm) on a rotary shaker overnight at room
temperature. The beads were then filtered and washed with three 200 mL volumes
of Milli-Q water.

[067] The beads (10 mL) were filtered and then equilibrated in 20 mL 1M
Nézcos. The sampled was chilled on ice along with a second jar containing a
solution of 0.5 g CNBr /mL acetonitrile. After the solutions were chillled, 1.5 mL of
the CNBr acetonitrile solution was added to the beads and the beads placed on a
shaker (>100 rpm) on ice. Two minutes later another 1.5 mL of the CNBr acetonitrile
solution was added to the beads and the beads placed on a shaker (>100 rpm) on
ice. The beads were allowed to react 4 minutes and then washed with 200 mL of ice

cold water and 200 mL of ice cold 0.012 M NaHCO; and filtered. The filtered bead

cake (10 mL) was added to 10 mL of 0.012 M NaHCOj3 containing 250 mgs of
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The beads were then washed with 0.2 M NaHCO3 and

filtered. The bead cake was added to 20 nL of 0.5 M
woebtbemsism ne in 0.2 M NaHCO3. After 30 m nut eBCThS2007/000366

beads were washed with 0.2 M NaHCGO3, 0.1 M sodium

acetate with 0.5 M NaCl (pH 4.5) and finally phosphate

buffered saline. Static and dynam c capacity was

deternm ned as described bel ow in Exanple 12. Exanple

- Li gand I sted, co ' si ng_gquat ernary am ne
comifiogdfnfig BVahls SsotE A (A5 L) riiechends wébghaken at room
Agar ose beads, (Sepharaose 4B) (CGE Heal t hcare
tempTSiUIG QNBIAY Tok Boars arerthen washes! wish &2 b MajE0On and
.. according to a previously described nethod (Porath and
f"tef%% pedead cakte was addegig: 2 mipek/0.55d: ethignolamise in 0.2 M
agar ose beads were reacted with positively charged
NaHgg)ssoe‘hféﬁn 3@ mjneigsshe begds were washedwithr @21 NaHCEs, 0.1 M
follow ng nethod: 100 nL of beads were added to 100 niL
sodiwn apstatatwigh O W/ NaCl (phd 4h§) amerinallyrphbspiiatecufEFoBSaline.
and 3.3 g 50% w sodi um hydroxi de. The reaction was
Statie rakelynangjoraapsicity (vasldifterminedoas desotilsd bel@kiey Example 12.
overni ght at room tenperature. The beads were then

Exam'p:et ar dubamgamg?;ist@rd botdrmigcg mdrgf qudtbﬁ'i?jyﬁémin% ligands,
. i-OQwater. . ea re filtere
“s'"glrﬁyﬁﬁ?_g?’b [I?'inilé? d‘ili’r?"gfﬁ‘“ré (%%@9@3& The sanpl ed
Wd868hi | Agaroee bezrisa( afbéd148) $GECAEaitRéare OPisEalawsy NJ)
a solution of 0.5 g CNBr /nlL acetonitrile. After the
wbsdlinkes WA ' i ' i
were § g‘f‘:ﬁ&Hlérbﬁanrl ascOidifg td Ej)rgg@gsly described method

acetonitrile solution was added tO t s “an

(PoriR 2 POARESHION9R0 Sﬁ%ﬁbrﬁaﬁé@%ﬂ%ﬂﬂgﬁ SFh THQa?sF were then

m nutes |ater another 1.5 niL acet oni

ﬁlteregﬂég@ gﬁa&ker qugr‘érel?%d lgl‘rl:. woars MRS ReadsMiliB6RE corp,
Billerica, MA).

[069] The beads (10 mL) were filtered and then equilibrated in 20 mL 1M
NagCO3. The sample was chilled on ice along with a second jar containing a solution
of 0.5 g CNBr /mL acetonitrile. After the solutions were chilled, 1.5 mL of the CNBr
acetonitrile solution was added to the beads and the beads placed on a shaker
(>100 rpm) on ice. Two minutes later another 1.5 mL of the CNBr acetonitrile
solution was added to the beads and the beads placed on a shaker (>100 rpm) on
ice. The beads were allowed to reaét 4 minutes and then washed with 200 mL of ice
cold water and 200 mL of ice cold 0.012 M NaHCOj3 and filtered. The filtered bead
cake (10 mL) was added to 16 mL of 0.012 M NaHCO; containing 285 mgs of n-
Protein A (17.8 mg/mL). The beads were shaken at room temperature overnight.

The beads were then washed with 0.2 M NaHCO; and filtered. The bead cake was
added to 20 mL of 0.5 M ethanolamine in 0.2 M NaHCOs. After 30 minutes the

beads were washed with 0.2 M NaHCOs, 0.1 M sodium acetate with 0.5 M NaCl (pH
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ice. The beads were allowed to react 4 m nutes and

then washed with 200 nL of ice cold water and 200 nL
wohRoo7o81830l d 0. 012 M NaHCO3 and filtered. The PCiriuse®d000366

bead cake (10 nL) was added to 10 nL of 0.012 M NaHCO3

cont ai ning 250 ngs ofcommercially available r-Protein

A (25 ng/nlL). The beads were shaken at room .

t enperature overnight. The beads were then washed with

) d fi d.. Th b d ke was added to
.9 I8 MG BB A G Sind Rt s e
uestheque ds were washed with 0.2 M NaHCO3, 0.1 M
dete%me&ﬁ%gﬁ dipelRwoing=xamatEe 12 pH 4. 5) and finally

S e buffered saline. Static and dynam c capacity
Exa'%ﬁ@e %etaNPHT ligand, asaistedianupling withoutuatersanpamine ligands,

using*éyEt Sudns Beomliag 2t ABbRIIAG COUP! I ng wi thout

quaternary am ne l'igands, using cyanogen bron de and

n-B761 ei AgarqseTheady (Bephdros8 U B)dGoblealipeare, Piscataway NJ)

(Sepharose 4B) (CE Healthcare, Piscataway NJ) were
werecqcr@sslinkadsUSmg ie;u@pl'ﬂpﬁod'lykidndcpdrding &0 eoprevitusiy described method

previ ously descri bed nmethod (Porath and Fornstedt,

(Poratd7ind Forr@tedind030) dpByrorhatoghdhy, 5Tha7dg atibe weaastvli@e then
filtered and washed with three 200 i  vol unes of

filteréd Bhd-viastescewith thidel 200 MlCo6IMER bf KNIT-GRR Witsr (MifS3re
The beads (10 ml ) were filtered and then eqU|I|brated

Corporatitth, Billeridd, N\ CPhe Deads 0! BLY@eré RitdeRfad tH érgegumbrated in

along with a second jar containing a solution o

20 mCNRv N@JC.O@C%é@aMpbléé wa¥ ERilled ¥ i88laidA PRGNS 58cond | ar

chilled, 1.5 the CNBr acetonitril®e solution

conta?gl{‘\%da SB1i0A dﬁﬁgﬁ CREBryRE. Q@Gﬁltl‘ﬂlea%rqﬂ o‘iﬁ\@éﬁﬁwe*e chillled,

rpm) on ice. Two mnutes later anot

1.5 miher e &T(Fﬁlfrilé Sofiftioh! \{\{Qg at %dqggﬁg b%%dgﬁ'ldb@%dt?eads

and the bea aced on a

place6n e‘tﬁﬁﬁg%@ nér‘ﬁz'?ﬂ ik, SRS hifutEs 14eF Snd8%f 18 L of the

washed w t
CNBr acetonitrile solution was added to the beads and the beads placed on a shaker .

(5100 rpm) on ice. The beads were allowed to react 4 minutes and then washed
with 200 mL of ice cold water and 200 mL of ice cold 0.012 M NaHCO; and filtered.
The filtered bead cake (10 mL) was added to 10 mL of 0.012 M NaHCO; containing
250 mgs of commercially available r-Protein A (25 mg/mL). The beads were shaken
at room temperature overnight. The beads were then washed with 0.2 M NaHCO;
ahd filtered. The bead cake was added to 20 mL of 0.5 M ethanolamine in 0.2 M
NaHCOs. After 30 minutes the beads were washed with 0.2 M NaHCOs, 0.1 M
sodium acetate with 0.5 M NaCl (pH 4.5) and finally phosphate buffered saline.
Dynamic and static capacity were determined as described below in Example12.

Example 6: Ligand assisted coupling using quaternary amine ligands,
butanediol diglycidylether and n-Protein A.
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cold water and 200 nL of ice cold 0.012 M NaHCO3 and

filtered. The filtered bead cake (10 nL) was added to
wo@omosafs10. 012 M NaHCC3 cont ai ni ng 285 ngs of Pa1/US2007/000366

Protein A (17.8 ng/nm). The beads were shaken at room

tenperature overnight. The beads were then washed with

0.2 M NaHCO and filtered. The bead cake was added to

20 nL of 0.5 Methanol amne in 0.2 M NaHCGS. After 30

' he b hed th 0.2 M NaHCO3
mo@- 1 dhdtede Hrads (SepTraaenth (B Hpalihears, missaway NJ)
g buffered saline. Dynam c and static capacity
WefevVéPé 'H@ieé’rlﬂﬁ'ﬂe&p@le@wﬂa@&cwmmﬁ rrexigysiy described method

Non- | i gand assi sted coupling w thout

(Poratnar@f ﬁamt%dﬁ ﬂ87 i daRlimmatognaphiy H14é9s Phemgdeosmbleads were
r-Proten A [070] Agarose beads (Sepharose 4B) (CE

reactadawithh pasitivelyi chargedassnoiptive geoups s i, rdadionssacgprding to the
epi chl orohydrin according to a previously descri bed

followtingroethoro 5atrmL af b eaoisnseedaddad040d of @506 Wighgsigyhy,
5 1:479). The beads were then filtered and washed wth

trimetinylamne@tum chiolide¥STOMAB), 10mQVili-Qawvater(@d 1 i67ag 80% wt
Corporation, Billerica, MA). The beads (10 nL) were

sodiurhhydredden T hefreactiqn iwasstedien vigorsusi- (51 ¥obagki%n 4 stary

sanpled was chilled on ice along with a second jar
shakepoveinightgtaosrl tenhserafire0 . Thedb &8 weld tﬁ’éﬁhﬁéiéd" ér'\@washed

After the solutions were chillled, 1.5 nL of the Br
with #eeé d00trhL velsaky idf MiIve® @a@qmm bF@c%?ﬁ%méﬁéa tm\) A sample

beads pl aced on a shaker (>1 rr? onic
of thérbeaaewdsqttmteamﬁqﬂhel é:taéolqesbhge gto%fﬂ%zﬁﬁ.h Ghe

sol uti on was added e beads an the eads plﬁce .

kRN ice. The beads were all owe

quartt@gna;}gact 4 ;hfrﬁa@ggﬁgﬂr’]@d'ns@(ﬂen washed with 200 nL of ice

C t 0 nd. .

1T 856 P Bt ek oL B o URR ol 15
mLs &f4.8m RfaCﬂ-l Oil‘ﬁe M\ Wa &’I'ﬂl?r"l"el:d1 Ad then 19.5 mL of butanediol
diglycidylether (BUDGE) was added. This mixture was shaken at 35°C for 2 hours.
The beads were then washed with 750 mL of Milli-Q® water (Millipore Corp, Billerica,
MA) and equilibrated with 250 mL of 10mM NaHCO;.

[073] Immediately following the BUDGE activation step, 10mL of the filtered
bead cake was added to 10mL solution of 10mM NaHCO; containing a 30g/L.
concentration of n-Protein A. The beads were rotated in a hybridizer at 37°C for 2
hours. After two hours, the beads were washed with 30mLs of Milli-Q® water
(Millipore Corporation, Billerica, MA). The filter bead cake (10mL) was added to a jar
containing a 10 mL solution comprised of 1mL of thioglycerol and 9mL of a buffer
solution with 0.2M NaHCO3; and 0.5M NaCl. The mixture was slurried and rotated

overnight at room temperature. The beads were then washed with 30mLs of the

following buffers: 0.1M Tris Buffer (pH 8), 0.1M Tris Buffer with 0.15M NaCl (pH 8),
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250 ngs of commercially available r-Protein A (25

mg/ mL). The beads were shaken at roomtenperature
woveruisgist. The beads were then washed with 0. BCHuUNad4@@®0366

and filtered. The bead cake was added to 20 nL of 0.5

M et hanolamne in 0.2 M NaHCO3. After 30 m nutes the

beads were washed with 0.2 M NaHCG3, 0.1 M sodi um

acetate with 0.5 MNaCl (pH 4.5) and finally phosphate

uffered.salin 1c.and static capacity were
somBlrestin i3 (BL 8L HPBABHGLROMIND RIATbediam axidnpThe heads
[ gand assi sted _coupling usin uaternary am ne
were|th8 Fheractetint droals GRpesiby Ae CResHbea BNdTiolgnA ligand density
. A [071] Agarose beads (Sepharose 4B) (GE Heal thcare,
usmgﬁ&%ﬁ@aﬁagﬂ ROA assay (rieens, iRnakdords illgusipg okPrateimyd fonthe
according to a previously described nethod (Porath and
standagdpsiregitseer Jable I belowr.omat ogr aphy, 51:479). The
agarose beads were reacted with positively charged
Exarapleot; ddigandgssipted eoygplingatsinggjuatecsary amine ligaads,

- : .beads were added to 40g of
b “‘a@%ﬂﬁ“’é%@?&%‘mﬂ ?ﬁ%’%‘ﬁ’ HelBR o ool o de (GTMAC)
1874 |1 The Reads én Exarhple G7are i86Atiod! t6 éad8 dexeripsd 4¢ Example
The reacti on was shaken vigorously (> 100 rpm on a

6, withdherexceptibarof the aesobiativas ﬁl‘cﬂm’faﬁéiﬁﬁﬁ[ ThiRyardé®bB8as were
were then filtered and washed with three 100 L

reacted witrepositivélyl dhargéd hsuediativé NrdlpN¥.§., €atibns, according to the
‘ Bill eripca, %/l’yb\). A%an‘pl e of t%ﬁe b%adsgwas titrated 9

following ngethbd: BOhR &R beBlas WdrBelided @049 ofl956d ft RETMIAG, 25mL Milli-
PO?Z e beads

quarternary ‘ammoni um | i gand density.

Q® wWatér ahd 1167 HBERA WRdeuMHRIrBRERT i P?A&iwdéﬁ eggkﬁg
15 nLs of 4.6M NaOH. The xture was slurried and then

vigoréatﬁg é:m-w@f rpP &W%%%V%;@hgkéﬁbgéﬁrﬁ@% (SSEW%%% yre. The beads

. This nmixture en a

were mﬁﬁ% .?‘YI?% glrateslﬂgg r\%@?@ﬁ%‘gﬁdgxgﬁ%l%egfof Yahi-biddater (Millipore
Corporation, Billerica, MA). All the subsequent steps (BUDGE activation and Protein
A coupling) were identical to those described in Example 6. The beads were then
characterized for static capacity as described and Protein A ligand density using the
standard BCA assay (Pierce, Rockford, IL) using n-Protein A for the standard curve,

see Table 1 below.

Example 8: Ligand assisted coupling using quaternary amine ligands,
butanediol diglycidylether and n-Protein A.
[075] The beads in example 8 are identical to beads described in example 6,

with the exception of the associative group addition. The agarose beads were
reacted with positively charged associative groups, e.g., cations, according to the
following method: 50 mL of beads were added to 10g of 75% wt GTMAC, 40mL. Milii-
Q® water (Millipore Corporation, Billerica, MA) and 1.67 g 50% wt sodium hydroxide.

The reaction was shaken vigorously (> 100 rpm) on a rotary shaker overnight at
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MA) and equilibrated with 250 nL of 10OnM NaHCGO3. [073]

| mredi ately follow ng the BUDGE activation step, 101
wohod7hs1ssil t ered bead cake was added to 10nL seCwtisemm7/000366

of 10OnmM NaHCq 3 containing a 30g/L concentration of

n-Protein A The beads were rotated in a hybridizer at

370C for 2 hours. After two hours, the beads were

washed with 30mLs of MIIli-Qr) water (MI1lipore

room RS 3" Tt heads Wera i filien arl Wagboqitbiiercioo mL

conprised of 1nl of thioglycerol and 9nlL of a buffer
volurggs of Mill-GiRt water Miliaeieatrpration Riflerica,TM&) ni Al the subsequent
was slurried and rotated overni ght at room
steps BiPRIGk activatinieant Raetelie Accquptiinghasiie idewtioal 8Diaseodescribed
) the following buffers: 0.1M Tris Buffer (pH 8), 0.1M
in Exgmple Buffiherbeadswere hanmel@racterize) foOstdtiscspacity@istdescribed
pH 4.5), PBS (pH 7.4) with 0.002% sodi um azi de. The
and Hyedeis Adigand density asingt thei stadd ol BERaassayo@iaciel Rozkford, IL)
descri bed and Protein A ligand density using the
usingsm-ddroteid ABfox the standard euces, sec¥abled! below.usi ng
n-Protein A for the standard curve, see Table 1 bel ow
TableEtaSphamdry of edih @harastedstivafol Bxamsie®g-guat er nary
am ne |igands, butanedi ol diglycidylether and

n-Protein Al [O0Z&$odiavdeads 1N Exanpl € 7 a @rotein A Li
i dentical tp hagalsd Deweiybed iSHatx ity % hotein A Ligand

exception of theuasHaiati ve groufgdddition, Theeégll-)

E3@mpIe® beafs Wergplgacted Wi pogytivety
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= ceadsS L e—att tO—==9
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T g1y ethot— Siiyi—o
%@H‘vﬁ; 2515 :’l\l/?l H——wat 8 o
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och-umhyar-oxd-de-—Fhe— on—W } n
Q-S&phar eF'i"*‘ on a"?gﬂ@qj shaiker overnight at! room

ech urfe The beads werel then fPPtered dAnd washéd
three 100 nL volunes of MIIli-Qr) water

lipore
Example 9: Ligand assisted coupling using quaternary amine ligands,

epichlorohydrin and n-Protein A on CPG.
[076] Controlled pore glass (CPG) (Millipore Corporation, Billerica, MA) LCA-

CPG 1000 A, was used to couple Protein A to CPG using an associative group.
LCA-CPG (10 mL) was added to 10mL.-aqueous solution containing 50% wt glycidyl
trimethylammonium chloride. The reaction was shaken lightly (< 100 rpm) overnight
at 30°C. The CPG was then washed with 50 mL of Milli-Q® water (Millipore
Corporation, Billerica, MA) and filter into a dry cake. The CPG was then added to 35
mL of an aqueous solution of epichlorohydrin (6% wt) shaken lightly at 30°C for 2
hours. The beads were then washed with 100 mL of Milli-Q® water (Millipore
Corporation, Billerica, MA) and then filtered into a dry cake. The beads (6 mL) were
added to 5 mL of 0.01M NaHCO; containing a 15 mg/mL concentration of n-Protein

A. The coupling reaction was lightly shaken overnight at 35°C. Thé beads were
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Corporation, Billerica, MA). Al the subsequent steps
(BUDGE activation and Protein A coupling) were

woOdeoTiosesall t o t hose described in Exanpl e 6. ThecChaasd®7/000366
were then characterized for static capacity as
descri bed and Protein A ligand density using the
standard BCA assay (Pierce, Rockford, IL) using
n-Protein A for the standard curve, see Table 1 bel ow

Exanpl - Ligand i sted couypl.i.ng usgi ng quat er nar

then TR i RO DR St Saoraion. Bilfida, Ma) and

-Protein A, [075 he beads in exanple 8 are

then HifEed F4P 4 dviseliat ok bPRge Mg then @gdeddo 1neln of AM
exception of the associative group addition. The

ethaa@'aﬂl:i@s B Oati M heis buifenat ph & lg'ne frattionwhy alleweddd proceed for 1
associ ative groups, e.g., cations, according to the

hoursad heni§erhaadsovesowashed Withe®@ miceachdd 62 MNabICQ$, 0.1 M
_75%w GIMAC 140r MIli- Qr) water (MIlipore

sodigoranstate with 025 M deiCd 4pHMAP) and thers finglhb@thwihasptiaterbuffered
hydr oxi de. The reacti on was shaken vigorously (> 100

salineprijhepstatic roaparity staskdetermired ad praicwsiyndesofissdantiahe resuits
The beads were then filtered and washed with three 100

are shiowrvininasled. WheldassCiativaefrelip chhténtpatich wWasidtéfhiped by
Billerica, MA). Al the subsequent steps (BUDGE

elemeatal\eralyyis.and Protein A coupling) were identical to
those described in Exanple 6. The beads were then

Exarapis 401 dligand écﬁiplﬁi@_bif‘h-P?c_Eﬁz‘ilil'iﬂV\Aﬁlfhdiﬁlﬁféihge%lA nary amine
. Proteip A ligand density using the standard B assay
"gaf\#s@m@?mdﬂ&r%'m"mn éﬁq‘rg n-Protein A for the

CASTEF Sopstes poRe S eio o] BB Bkt oy
ProSlbb% OGS0 A%wa8 lb%gplntg Fg.‘ézl'ﬁgég ﬁ?cg%rfﬁﬂar(%%n%@&gt using an

I gands, epi chl orohy ein

asso{&i%r?ig% rg&ﬂ?%%ﬂ%???@ﬁ gg%%ﬁ n{@i\@;&(%&&ﬁ #P5%L of 0.01M NaHCO;

containing a 15 mg/mL concentration of n-Protein A. The coupling reaction was
Iig<htly shaken overnight at 35°C. The beads were then washed with 100 mL of Milli-
Q® water (Millipore Corporation, Billerica, MA) and then filtered into a dry cake. The
beads were then added to 10mL of 1M ethanolamine in 0.1 M Tris buffer at pH 8.
The reaction was allowed to proceed for 1 hour and then the beads were washed
with 50 mL each of 0.2 M NaHCO3, 0.1 M sodium acetate with 0.5 M NaCl (pH 4.5)
and then finally with phosphate buffered saline. The static capacity was determined
as previously described and the results are shown in Table 2. The associative group
concentration was determined by elemental analysis.

Table 2. Summary of Media Characteristics for Examples 9 and 10

Associative . . Protein A Ligand
Ligand Density Stat"’( C;f;’ac'ty Density
(umol/mL) 9 (g/L)
Example 9 61 65 >10
Example 10 0 40 6
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1000 A, was used to couple Protein A to CPG using an
associ ative group. LCA-CPG (10 nL) was added to 1QrL
weaquEmsssssol uti on contai ni ng 50% wt gl yci dyl  PCT/US2007/000366

tri met hyl anmoni um chl ori de. The reaction was shaken
lightly (< 100 rpm overnight at 300C. The CPG was

then washed with 50 rhL of MIIli-Qr) water (MIIlipore
Corporation, Billerica, MA) and filter into a dry

cake. The CPG was then added to 35 nL of an aqueous

ughor of epichlorohydrin (6% w) shaken |ightly at
E"a’éﬂf‘cl" 1 nﬁ?gefpaﬁ\ai!onmga%ﬁaa@t&@r grauR-RoRsSALEtigM: T itration of
quaternapy qinine ligapdsuai er (M I 1ipore Corporati on,
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bd@a8] ( 5The juademany detinedigandidenfsit) e &RIGBed using acid-
containing a 15 ng/nL concentration of n-Protein A

base Tiratiooupl 1 my_ semple ohbuads WaglBlhyed ik Qﬁscf%é%'b'lé plistidicolumn
350C. The. beads werethen washed with 100 nL of

and thehlequillbratesaiith (WI-QEPEEIGQORALRINMMporSIddip! B%ric%@\]nA) and

and then filtered into a dry cake. The beads were t

1M m@oed(mm@beé&@ QranRER Warh ldwith 4 M%i@igfégaﬁ fater

“at pH 8. T eaction was allowed to procee
(IS o 8, MRS AN 1 Ko Y s e
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placedth e BRAKBR A EarBR s faed W0 ) MANEE At S anion
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exchd B8R0 Casaliaitp KSR sdd et BN Q4B B Smotes 00
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arou G ARG T R TR b toeborior st
capag&agg’mégrerg'?o ggtheco%j%%gci;ﬁy gvg?l'abolé acl)télc')nlal\{livgg%alternative
experimental conditions.
Example 12: Determining IgG static and dynamic capacity
[079] The static or saturation capacity for each of the products described in

the examples above and commercial benchmarks were determined using the
following method:

1. Bead suspensions (20% beads) were made out of each sample in
PBS buffer.

2. The bead suspensions were stirred and 500 HL samples were
pipetted into three 15 mL plastic conical tubes

3. Protein Solution (IgG)(1mg/ml) in PBS was added to each tube (14
mL).
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containing a 15 ng/nL concentration of n-Protein A
The coupling reaction was |ightly shaken overni ght at
w0O2W7/0831 beads were then washed with 100 ni ofcCWUSk07/000366
Qr) water (MIlipore Corporation, Billerica, MA) and
then filtered into a dry cake. The beads were then
added to 101 of 1M ethanolamne in 0.1 MTris buffer
at pH 8. The reaction was allowed to proceed for 1
hour and, then tBe beads were washed with 50 nL each of
0.2 M Natodge tbes welsfappesandishakgn slowly (x11Q8apmpn an
LA and then finally with phosphate buffered saline.
Orb'tqﬁé‘z%ie&ti c capacity was deternined as previously
described and the results are shown in Table 2. The
associ at P At i podem thenbeads werealiowetdomsettiziahg a UV reading
el emental analysis. Table 2. Sunmary of Medi a '
was takenLfitbeisolution after bivding.es 9 and 10Exanpl e 11 :
Det erm nati on of associative group concentration:
Ti trati dh Tie bivhabsorbancewawcongsrtatbintd 0g@]coheentration (e
guarternary amne |ligand density was determ ned using
~1.38)canth teenassiatiance waslusdd tosdetphmine theasstaraiih GRS,
in a disposable plastic colum and then equilibrated
W[080M | The ReoteimAl miedl(al@erd phcked ritb DNAIFERBRIMNS (0.66 cm
Billerica, MA) and 1 M NaCH (10 m _). The beads were

diamétern7\was bed hdighit) 4ndiltesfed\or biyn&kid bitRfieg chphbity Efég&(;lyclonal

Corp, Billerica, MA) and fil.téred to form a wet

humaekemuhbg|dpefif 19E). eTAE $aflirhAs r@*eq%ﬁnbhawd\%ﬂx PES Buffer (pH
bar . pH neter was

smal | gl ass beaker with a stir

7.4) %ﬁ%t}@widﬂeﬂﬂq JERKRS: 104884 %‘?\E@H?e i’:@lﬁg&r{é\ytﬁaﬁ%eé/%{ﬁ@ buffer. The

HCl. A 'strong ani on exchange phar ose

capatity ai’\@@%&%ﬁkﬁ'ﬁoﬁgﬁgﬂélsg Gér%d E@E@ﬁ'{p%rre B BRFSnfrddis F igure 1

shown below in Ta e resul'ts surprisrngly
shoV AT Sl e G343t s SORUBBETE by Anorciany
avaI SR e BEBREIS Y RBRSfl Ry (o€ WEGARL Y
Piécataway, NJ) and the product of Examples 1-3. The results for examples 2-5 are
shown in Figure 2. Table shows the static capacity for examples 6-8. Table 2 has

the static capacity for examples 9-10.

Example 13: Host cell protein (HCP) level in IgG elution pool for different
associative ligand densities with and without an intermediate wash.
[081] A clarified, monoclonal antibody (mAb), serum-free CHO culture

(Angel Biotechnology, Northumberland, UK) was used as a model HCP feedstock.
After equilibrating with 10 column volume (CV) of phosphate buffered saline (PBS,
pH 7.4-7.5, conductivity 15-17 mS/cm) solution, 20 CV of the feed was loaded on a
column (0.66 cm inner diameter. x 7 cm length) packed with the protein A media as
described in Examples 6-8. The column was then washed with 10 CV of PBS or 8
CV of PBS (pH 7.4-7.5) supplemented with 1 M NaCl followed with 2 CV of non-

supplemented PBS (pH 7.4-7.5) flush. This was followed by 10 CV of 0.1 M sodium
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experimental conditions. Exanple 12: Determning 1gG

static and dynam c capacity [079] The static or .
weabtaweaigson capacity for each of the products s@esaseiedo03ce

in the exanpl es above and conmerci al benchmarks were

determ ned using the foll ow ng nethod: 1. Bead

suspensi ons (20% beads) were made out of each sanple

in PBS buffer. 2. The bead suspensions were stirred

‘ d th
cira Rl BT diebvenreieamh o5 ov.
The %%@g? ‘O(IBE éﬁ%Brisiﬁe%iwegﬂﬂﬁ@ ﬁgF(R)‘éer?a?ﬁhMtfaﬂ;)aer(ldlnﬁderpﬂ&loadg@md then re-
bi tal . shaker. er 24 hours the beads were

equilirateduith E%Ppﬁér aﬁhe dingrefuda epgriments avesa pefrformed on a

solution after binding. 6. The UV absorbance was

BioCad®\riepatativie: lisiuig chramatagraphy system (Apidd Biodysteens Inc., Foster
mass bal ance was used to determne the saturation

City, Edpacthe elutioaioct mashmensire By Wi absorramcpatX8d nmito determine
Omifit colums (0.66 cmdianeter, 7 cm bed hei ght)

lgG candentratien ahdryieldn dhivaskilso anglyzedor CHOP doaceatratien using a
human i nmunogl obulin (1gG. The colums were

comreeuialienzytreslinkediriBtinbsbitent @esay (BLISWkit (BydHuR Féthnologies

( 1 g/L) was | oaded onto the columm with this sane

Inc., Soliftyport, N©). CResgitd drenshdWhoiR PRkl QH& etRsndiaRd tlt\é’t non-
conpare the different nedia. Figure 1 shows how t

spemgg ?innéc:iglggilssw&@éﬂ Withangher protéih ligaRd IR S ebelly Bﬂcbet with the
appropriate intermediate wash buffer. When combined with the results shown in
Table 1, the data suggest that the flexibility of the method and matrices described
herein allow an artisan to maximize desirable capacity while minimizing undesirable

side effects such as non-specific binding, thus providing an affinity matrix which may

be tailored to a specific application.

Example 14: Reduction of host cell protein (HCP) and DNA levels in IgG
elution pool using intermediate wash with salt buffer
[082] A clarified, non-IlgG-expressing, serum-free CHO culture (Lampire

Biological Laboratories, Piperville, PA) was used as a model HCP feedstock and it
was spiked with 1 mg/ml of polyclonal ‘human gamma globulin (higG) (SeraCare Life
Sciences, Inc., Oceanside, CA). After equilibrating with 10 column volume (CV) of -
phosphate buffered saline (PBS, pH 7.4-7.5, conductivity 15-17 mS/cm) solution, 20
CV of the feed was loaded on a column (0.66 cm inner diameter. x 7 cm length)

packed with the protein A media as described in Example 2. The column was then
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avai | abl e benchmar ks, Mabsel ect(r) and Mabsel ect

Xtra(r) (CE Healthcare, Piscataway, NJ) and the
wonoawsissof Exanpl es 1-3. The results for exanmpCeas2003/000366

are shown in Figure 2. Table shows the static capacity

for exanples 6-8. Table 2 has the static capacity for

exanples 9-1 0. Exanple 13: Host cell protein (HCP)

| evel in 1gG elution pool for di fferent associ ative

v AR U890 7 AR RO i oo i
2 OB BN A SaH 03 sDhGHo 13! S8 ot bt o o

Af t ilibrating with 10 col utm vol une (CV) of
0.1 “ﬂﬁ‘8§ 2@" %Gf(Pg' @o‘g@ﬁw Reffeppshgipeakiraction was collected from 0.5
CEI V|ty 15-17 nS/cm) solution, 20 CV of the feed
105%% dhesplynnwas themcleaned with 56\ of 6 Mrguanidine hydooshloride
| en th) packed with the protein A nedia as descri bed
and thengﬁa@wlw@a@etsthhr@BSdouﬂan Vide bindreluteséepbrihehtsife@V
of PBS or 8 CV of PBS (pH 7.4-7.5) supplenented with 1

perfqvmeai@n adBibGaddrmpanativediquid chooraatuyrapkry sesteRBRAR IR
7.4-7.5) flush. This was followed by 10 CV of 0.1 M

Biosysieinsrinct, Faster @ity 3TAR| Thewiutiod peol wab engslfelbyagVidbsorbance
was collected from0.5 to 5.5 CV. The col um was then

at 286l rearte diebetrhing IG cdnderivbagionrsind] i ?f@ldﬁyw\fﬁshél@b'éi‘%lﬂ@?d for CHOP
then reequilibrated with PBS buf The bind-el ute

concenfratiomesirg avebmrperdidlieedniiinkdd m&b}somé?ﬁ%eé%ﬂlsm kit
i quid chromat ography system (Applied Bi osystens Y

(Cyghuos TechRblogiese., S6@hRbH! NeY). pool was nmeasure by W
absorbance at 280 nmto determ ne I gG concentration

aijds3) elmgutd 4&@%0@\)33%&'[1@5&’@!%@ CRoPIRIS [l%l'\ BBOI using

using a commer Cl al enzymne- ['1 nked 1 nmunosor ent ass

d lfferéﬁi—éé;%ﬂval;‘»htbdf@fg n ‘lﬁcr@é?‘ggﬂgggl E6né ratloﬂ oI c% 3 tl\h‘?gﬁreased

Results are shown in and

the @F@P'd‘dn‘&ehtrﬁﬂbﬁ %mﬁfl?isﬁne@d%&l?,h@&%hﬁo Ré%letoréd ngﬁﬁld The IgG

density 1s easi|
recoveries were all similar, ~90-95%.

[084] Figure 4b shows the measured DNA levels in the elution pool using 1M
NaCl-supplemented PBS buffer wash. Salt wash decreased the non-specifically
adsorbed DNA levels by 20-60% as compared to regular PBS wash for protein A
samples made from ligand assisted coupling.

Example 15: Reduction of HCP level in IgG elution pool using intermediate
wash with lower pH and higher salt concentration
[085] The experiments were conducted under conditions that were similar

to those described above in Example 14, except that an intermediate wash buffer

comprising 8 CV of PBS (pH 6.5 and supplemented with 0.4 M NaCl) was used.
[086] Figure 5 shows the measured CHOP levels in the elution pool using

intermediate wash buffers with different pH and salt concentrations. Results

obtained using the pH 6.5 PBS buffer with 0.4 M NaCl lowered the CHOP level by a
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appropriate internmedi ate wash buffer. Wen conbi ned

wWth the results shown in Table 1, the data suggest
wohed7/088s1f | exi bility of the method and matri ce€T/US2007/000366

descri bed herein allow an artisan to maxim ze

desirabl e capacity while m nimzing undesirabl e side

ef fects such as non-specific binding, thus providing

an affinity matri x which nay be tailored to a specific

|on Exa e 14: Reduction of host cell
factog!%gt 'ﬁ n%dmeﬁgu%p tqlnetg Y&ing pen-SHPplssnentedRBS (pH

dlat wash with salt buffer [082] A clarified,
7.4- ng)n%ﬁuge é@s?tﬁﬁ serumfree CHO culture (Lanpire

B| Laborator| es, Piperville, PA) was used as a
BB HHEduin oF iR devel indoGplution wadl using intoroediate

Life
waslﬁ)g\lhgﬁ Egg@rs '&‘Jﬂﬁﬁl&iﬁg%g‘{d’gw 8r %P% eé:é %ﬁ{lﬂgﬂcﬁg
wilOB7H OThs B!Silnﬁrlmehtﬁme(mmﬁctptjas'[niwtoanultfdrsrthdt were similar to
saline (PBS, pH 7.4-7.5, conductivity 15-17 n/cn
those deserieet indBxapuplef 14hex<fe@dediham1 Intexheediate waehlbuffer comprising
(0.66 cminner dianeter, x 7 cmlength) packed with
8 CVtPBShustesi(pHA . msacmdwtewmtsew MS/ERganE025-0%M betaine, L-
colum was thenwashed with 8 CvV of PBS (pH 7.4-7.5)

alanine gitaime rardgsing | br 0.12510 WsNaGlalihe! bpoeds M T%l.tlta?n@éc% was used.
non- suppl emrented PBS (pH 7.4-7.5) flush. i s was

f g088Merigime 84 sh¥welthe. riedbiwred OHOP Ierv@iéaln(ﬂhﬁ @lh?on r%ool using

elution buffer. The peak fraction was coll ected

interrfediat® wash Bufferd kenthingoaamd &% LAISARMRY 3o Dbetdine reduced
of 6 M guani di ne hydrochl ori de and then

the OHOP®onckhfraties. \ddm Ex%%vEH/f fa?afm%g Q%asg;h@)ge SFUE ve than betaine.

experinments were perforrre on a bl O preparati

At both Géhéerﬁmtmt&%@ﬁﬁé e bslhd Pe\gag'rgétyééoeﬂg 31/1#%% than 2-

Foster Gty, el ution pool’ was™ neasure
fold. absor bance at 280 nmto determ ne |1gG concentration
and yield. It was al so anal yzed for CHOP concentrati on

ugﬁ% i&@@é GhBvs FHE Y Bl CHOP IR AR 8553 pool using
intermediate wash buffers containing various concentrations of valine, glycine,
glutamic acid, or lysine. Compared to PBS wash, the CHOP levels in the elution
pool were about 3-10 fold lower with the amino acid washes, among which the lysine
and glutamic acid seem to be the most effective.

[090] All numbers expressing quantities of ingredients, reaction conditions,
and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the specification and attached claims
are approximations that may vary depending upon the desired properties sought to
be obtained by the present invention. At the very least, and not as an attempt to limit

the application of the doctrine of equivalents to the scope of the claims, each
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(Cygnus Technol ogies Inc., Southport, NC). [083]

Fi gure 4a shows the neasured CHOP levels in the
welwd7vesmspool using different salt wash buffer 8CT/US2007/000366

I ncreasi ng NaCl concentration fromO to 1 M decreased

the CHOP concentration by nore than five fold, from

450 ng/m to 80 ng/m . The 1gG recoveries were all

simlar, ~90-95% [084] Figure 4b shows the neasured

level s in the elution pool using 1M e .
“Um%'-@dgheé%?ﬂ%ﬁd Decantried indight o&tha nymber ef slasiticant digits
d th non-ngci ficall X adsorbed DNA | evel s by 20-60% as
and QiSinAYJQUPEINGRRATQACRES wash for protein A sanpl es

r | i gand assisted coupling. Exanple 15:
EE[%;;{ i @ang@@%w% ang vag@gen@pf this jrentiosi ¢an be made
.. intermedi ate wash with | ower pH and hi gher salt
withQus departing frem ko spirit and ssope: rewitl bevapparenhthutiiose skilled in the
~under conditions that were simlar to those described
art. ‘hpewperiiicemabpdinents descoped heatinaneioflesedbyiway ohesimple only
buffer conprising 8 CV of PBS (pH 6.5 and suppl enent ed
and ayiet hotongam tidl Jimitirg insanly wa§8at isRhndedSthab tvs spééiication and
measured CHOP | evels in the elution pool using
exanples besttinsidered sis exdrhplasy onlyh wiiif & efenicapa amd sgﬁ‘k bf the
concentrations. Results obtained using the pH 6.5 PBS
invertfighf Iszingiindicated by tleGollbwvgj erihBe CHOP | evel by
afactor of ~8, when conpared to results obtained using
non- suppl enmented PBS (pH 7.4-7.5) buffer washing step.
Exanpl e 16: Reduction of HCP level in 1gG elution pool
usi ng i nternedi ate wash with buffers containing am no
acid or alkylated amino acid [087] The experinents
wer e conducted under conditions that were simlar to
those described in Exanple 14, except that an
i ntermedi ate wash buffer conprising
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8 CV PBS buffer (pH 7.4-7.5, conductivity 15-17 nf/cm

and 0.25-0.5 M betai ne, Lalanine glycine, or |ysine,
wonro/0k2510. 25 M valine, or 0.15 M gl utam c acPdTwa2007/000366

used. [088] Figure 6a shows the neasured CHOP | evels

in the elution pool using intermedi ate wash buffers

contai ni ng betaine and L-al anine. 0.25 M betai ne

reduced the CHOP concentration. Conparatively, alanine

f ' than betai ne. At both
mﬁ%ﬁﬁ@{%@?ﬁi ani ne, the bound CHOP was reduced
by nore than 2- fold. [089] Figure 6b shows the

nmeasured CHOP |l evels in the elution pool using
i nternmedi ate wash buffers containing various

' f valipe .glycine, glutanic acid,
1 ToRriahodst dbefne 5 hsainabald tna solersdRnt Sommrising 2
conehly .08 i R A e b sampasin

se n%%g be tBe st effective. [090] Al nunbers

9’°”%J(§F $ Withdhemalidi spnert; o) getivating the selistsupport; ¢) separately
conditions, and so forth used in the specification and

contagting ige olid sypperiuwite the prtetndigasideuchotiat tleel protein ligand binds
i nstances by the term "about." Accordingly, unless

to the galidsurRPt 8ndmorcoavalently interactsiwithi thelassactisearoup of a).
set forth in the specification and attached clains are
approxi mati ons that may vary dependi ng upon the
desired properties sought to be obtained by the

2. priéeanethod/ehclain.1, Mherbin thersolideagiportiath Behdas an
attenpt to limt the application of the doctrine of
equi valents to the scope of the clains, eachnunerica
par anet er shoul d be construed in Iight of the nunber

3.  ofThei rgettddcaitiaim @, Whersih tAeb % drPHHSIdR bead.
approaches. [091] Many nodifications and vari ations of
this invention can be made w thout departing fromits
spirit and scope, as wll be apparent to ‘those skilled

4. | Thelfethod of claim 1, wherein the associative group is a charged species.
5. The method of claim 4, wherein the charged species bears a positive charge.
6. The method of claim 4, wherein the charged species bears a negative charge.
7. The method of claim 1, wherein the associative group is hydrophobic.

8. The method of claim 1, wherein the solid support is activated by contacting

the solid support with at least one of the following: a) cyanogen bromide; b) an

aldehyde; c) an epoxide; d) an activated carboxylic acid.
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art. The specific enbodi nents described herein are

of fered by way of exanple only and are not neant to be
woioaTise31i n any way. It is intended that the PCT/US2007/000366

specification and exanpl es be considered as exenpl ary

only, with a true scope and spirit of the invention

bei ng indicated by the follow ng clains. WHAT I S

CLAIMED IS: 1. A nethod of coupling a protein |igand

t rls ntactln the solid
9. sﬁg%oﬁ%fhﬁq Y ERA 1 SRR e Gl P S as ceRIR an
S$4 tlve gr oup |nteracts wth the solid support b)
'hg the solid support; c) separately contacting
the solid support with the protein |ligand such that
the protein ligand binds to the solid support and
non covalently interacts with the associative group of
10. a)Themethed pétiain Swharaimihe prateindigandrie chosen from protein A
port is a bead. 3. The nethod of claim2, wherein
and Rrﬁglﬁé%rd is an agarose bead. 4. The nethod of claim1l,
wherein the associative group is a charged speci es. 5.
The nethod of claim4, wherein the charged species
bears a positive charge. 6. The nmethod of claim 4,
1. witdhesinethdt of blairgeld vehpreinethehmatein digangaiovatentiyasigds to the solid
7. The method of claim11, wherein the associative
suppgrtoup i s hydrophobic. 8. The nethod of claim1,
wherein the solid support is activated by contacting
the solid support with at | east one of the foll ow ng:
a) cyanogen brom de; b) an al dehyde; c) an epoxi de; d)

12. aTheCihiewsc8f 6l o WHeteRCHd: :ﬂteﬂa@omsbﬂf%brpfhecééédei&ﬁve group
wherein the protein ligand al so can bind

andthmnqubbmaaé&aléfﬁteom hod of claim 9 “aherei n the
protein [igand is chosen fromprotein A and protein G

11. The nmethod of claim11, wherein the protein |igand
covalently binds to the solid

13. An affinity chromatography matrix comprising: a) a solid support; b) a protein

imm

ligand bound to the solid support; and c) an associative group separately bound to
the solid support, wherein the associative group interacts non-covalently with the

protein ligand.

14.  The affinity chromatography matrix of claim 13, wherein the solid support is a

bead.

15.  The affinity chromatography matrix of claim 14, wherein the bead is an

agarose bead.

16.  The affinity chromatography matrix of claim 13, wherein the associative group

is a charged species.
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support. 12. The nethod of claim1, wherein the

i nteracti on between the associative group and the
weabinthsssspport is a coval ent bond. 13. An af fi RCTAS2007/000366

chromat ography matrix conprising: a) a solid support;

b) a protein Iigand bound to the solid support; and c)

an associ ative group separately bound to the solid

support, wherein the associative group interacts

nop- covalently with the protein |ligand. 14. The .
17. oo P B nstmitstaply fafheor nt & HhEesindhe cbrged species
the solid support is a bead. 15. The affinity
bearﬁﬁ’r%‘?ﬁi ‘ff'g?'&"‘ﬂp "matrix of claim 14, wherein the bead is
an agarose bead. 16. The affinity chromatography
matri x of claim 13, wherein the associative group is a
charged species.17. The affinity chromatography matrix
18. of The affinity chromategraphianatiixraf elaisp#6) whetaintise #harged species
positive charge. 18. The affinity chromatography
bearggtnegatiye allasgen 16, wherein the charged species bears
a negative charge. 19. The affinity chronmatography
matri x of claim 13, wherein the associative group is
hydr ophobi c. 20. The affinity chromatography matrix of
19. cl'Eheraffidity whesmiatodraghp meateikoflolaiAn 3, whe s ee Bs88Riative group
protein A and protein G 2 1. A nethod of purifying a

is hytimphebigiol ecul e froma m xture conprising: 1)
contacting the m xture under a first set of conditions
with an affinity

20.  The affinity chromatography matrix of claim 13, wherein the protein ligand is

chosen from protein A and protein G.

21. A method of purifying a target molecule from a mixture comprising: .

1) contacting the mixture under a first set of conditions with an affinity
chromatography matrix such that the target molecule binds to the protein ligand of
the matrix, wherein the affinity chromatography matrix comprises a) a solid support;
b) a protein ligand bound to the solid support; and ¢) an associative group
separately bound to the solid support where the associative group interacts with the
protein ligand; and
2) altering the conditions of 1) such that the target molecule no longer binds to the

protein ligand of the matrix, thereby purifying the substance of interest. .
22.  The method of claim 21, wherein the target molecule is an immunoglobulin.

23.  The method of claim 21, wherein the target molecule is a fusion protein.
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chromat ography matri x such that the target nol ecul e

binds to the protein |igand of the matrix, wherein the
wafh2bi7rusisF1 chr omat ogr aphy nmatri x conpri ses a) aP€oOiUS2007/000366

support; b) a protein ligand bound to the solid

support; and c) an associative group separately bound

to the solid support where the associative group

interacts with the protein ligand; and 2) altering the

conditions of 1) such that the target nolecule no

| onger binds to the protein ligand of the matrix,

t her eb uri fyin e substance of interest. . 22. The
24. nehﬁ?ﬁ)a‘v%ﬁc’% sl %] Wi fhg ﬁ’é'qrh%%‘?'“rfﬁlaé‘c':w fusian grotein.
i mmunogl obul in. 23. The nethod of claim2 1, wherein

the target nolecule is a fusion protein.24. The nethod
of _claim 23, wherein the fusion protein is an Fc
25. t (Ko meihed of glaim=22, whergin thedingnuobalobulia js aleordcional
_the imunoglobulin is a nonocl onal antibody. 26. The
antibgyhod of claim2 1 further conprising an internediate
washi ng step to renbve contam nants conpri si ng
contacting the agarose support with a wash buffer
after step 1) and before step 2). 27. The method of

26. clBiemeshothef elaimi2iefurther aomaiting aarMermediate Washing step to
nol ecul e, a protein, a nucleic acid or any conbi nation

removeaontémingtls cohwprishidiodniakting dhaagBrosthaligidtt Wie aR&sh buffer
buffer conprises an acidic pH and a salt or both. 29.

after Step Mpaho bhefdrecdtep)28, wherein the pH ranges from
5-6.99. 30. The nethod of claim 26, wherein the wash
buffer has a pH ranging from5.0- 8.0. 3 1. The nethod
of claim 26, wherein the wash buffer has a basic pH

27. arthe method of claim 26 wherein the contaminants comprise a small molecule

a protein, a nucleic acid or any combination thereof .

28.  The method of claim 26, wherein the wash buffer comprises an acidic pH and

a salt or both.
29. The method of claim 28, wherein the pH ranges from 5-6.99.

30. The method of claim 26, wherein the wash buffer has a pH ranging from 5.0-

8.0.

31.  The method of claim 26, wherein the wash buffer has a basic pH and

comprises more than 0.0001M NacCl, but less than 0.8M NaCl.

32. The method of claim 31, wherein the pHis 7.4.
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conprises nore than 0.0001M NaCl, but |ess than 0.8M
NaCl. 32. The nmethod of claim3 1, wherein the pHis

W@ 240788185The net hod of claim 26, wherein the wael/us2007/000366
buffer conprises an amino acid or an al kyl ated am no
acid. 34. The nethod of claim 33, wherein the am no
acid or alkylated am no acid is chosen from L-al ani ne,
bet ai ne, glycine valine, glutamc acid, and |ysine.
35. The nethod of claim 33, wherein the amno acid is
a charged am no acid. 36. An affinity chromatography .

| X conprising., a) an agarose support; b) protein A
3. CoVis By BEGIRIM 28, vHareibisesh Bulier compsisep an amino acid or
a d species, which separately and coval ently bi nds
an a'&)’“@i&fﬂ@"ﬁ%%@%support and non-covalently interacts
wWth the protein A 37. An agarose bead conprising at

| east 10g/L of protein A bound to the surface of the

ag'_ar ose bead. .
34. he method of claim 33, wherein the amino acid or alkylated amino acid is

chosen from L-alanine, betaine, glycine valine, glutamic acid, and lysine.

35.. The method of claim 33, wherein the amino acid is a charged amino acid.
36.  An affinity chromatography matrix comprising: a) an agarose support; b)
protein A covalently bound to the agarose support; and c) a charged species, which
separately and covalently binds with the solid support and non-covalently interacts

with the protein A.

37.  Anagarose bead comprising at least 10g/L of protein A bound to the surface

of the agarose bead.
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