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DESCRI PTI ON OF THE | NVENTI ON [1] This
application clains priority to U S. Provisiona
Application No. 60/756,873 filed January 6, 2006 which
is hereby incorporated by reference in its entirety.
Field of the Invention [2] The invention
relates generally to the field of chromatography. In
certain specific enbodi ments the invention provides

matri ces and IP‘T%IQ Jnra y

chr omat ogr aphy ion
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mxfure n'ty c romat ogr ap I nvol ves
yl ng the mxture over a matrix having a |ligand

sp cific (i.e. a specific binding partner) for the

nol ecul e of |nterest bound to it. Upon contacting the

Field Gt &5k IfvVeRtigR! ecul e of interest is bound to the
—matrix and thus retained fromthe mxture. Affinity

chr @og} ogreivenfiowsistes garraiyito e bEgrRsmategiaphy. nier
types of chromatography. It provides a purification

cefaih Bpecifih@inbbdimenBithy ins@etivh fpreviddsahitricerantoneihads miuling
hi gh yi el di ng. [4] In one application affinity

to afihiyetirogagfephyry be used to purify proteins such as
nonocl onal anti bodi es. As an exanple, antibodi es of

the 1gG subtype may be affinity purified by passing

Backaroundeof the imnventionhavi ng protein A or protein G bound
to it (Boyle and Reis, 1987, Biotechnol ogy 5:697;

Her 983k o @matograpbgznethrpﬁmmeraz'éerwsrqqiptsypagafgaaw/m

Techni ques, Academ c Press; U S. Patent Publication
PURly. m@g@@gmfgqtgw) such as proteins, nucleic acids and polysaccharides from

a mixture. Affinity chromatography specifically involves passing the mixture over a
matrix having a ligand specific (i.e. a specific binding partner) for the molecule of
interest bound to it. Upon contacting 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).



[5] Methods of attaching protein |igands, such as
protein A and protein Gto a solid support, e.g.,
chr omat ogr aphi ¢ nedi a have been previously descri bed,
see, e.Qg., Hermanson et al. 1992, immobilized Affinity
Li gand Techni ques, Academ c Press; U S. Patent Nos.
5,874, 165; 3,932,557; 4,772,635; 4,210,723,
5, 250, 6123; European Patent Application EP 1 352 957
Al . WD 2004/074471. Typically, the nedia is activated )
wilPASh rMethqdseofratiaghingharotgindigandsasyeh as smoiginAmnd protein G
such as an epoxi de (epichlorohydrin), cyanogens
to a gqligbsunpart end .o shtumatographic media have been previously described,
Ndi succi ni m dyl carbonate (DSC), al dehyde or an
see, 8q.| Metrednsain iebal 11992 dnmhobdized Alfinily bigenat Eeehiniydes, Academic
(NHS) esters, carbonyldiimdazole (CD) activated
PressstUs8.PateiitNos. 8874va5 38,982,606, 4 AT2B35 4, 2t0FA3; 5,250,6123;
directly to the base matrix,, as is the case for CNBr,
Europeah ReiteniofppicationtERM 362 5T kel WQr 2GpHOB44 710! Fgpically, the
which is typically a linear chain of carbon, oxygen
medidng agtivategamtinbaaBctivid RihcEdnalgroLp“aRIVaRICGrotip?) such as an
carbon and oxygen found in the |inker butanedi ol
epoxiiiedichibratyviaen), (cyahoaBRS (GRMOgERsIBRTidd (CRES))! N, NIThe
activated nedia is then equilibrated with the protein
disuddiSifidyleadRinaE® W%C')‘,gal%ﬁ?dé 8Paﬁ;ac@0§édt<’£iﬁb69ylﬁi adid (e.g. N-

reaction is finished, the nedia is washed thoroughly.

hydr%ﬁénsg?tﬁgv)ﬁ'rﬁidé (NHS?’%%%@%' aaréoﬁxlagrpmr?ejg;i@(@bn divaRfesters).

may be per aresulting I1n an
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capacil can be used cnronma

o PR By SRS BEnP ol BT B ino
cartfy S SO EE B  AP 98v GBB: B common eporie

uppoart .h al so heen described. The reconbi.nant for
counlB R ot RSN dneia e iner oAUl Erated B & Protei Tyand
cystej.ne, see, e. U,S. Patent No. 6,399, 750; GE . .
undefyEy Plitd panBigns. Drigq BEAPUR spagian S ie G s desda s
Fa Fl ow, select O and Mahsel ect traa Using,this.
wasliEL BB IaHY. FEo Bratein Al yelteladr o pheitsioiodiky fRpSit) may
from 55-70 fg/ L have been achj eved. . However, one .
be lgadpdirarimlriiaedd resulliing ipRn/gharaxnum sielasrasity (@s) of 40
protein Aligand is that it nust be _genetically ) .
g/L. &igteda bgand densiy,dgteimines §@F‘€@?P@§'%oﬁb?i%'° Capacity provides
functionality which may be tine consum ng and _
an upgeyelingit @ the protein capacitydbatean ke used gluringrthe slspmatpgraphic
of a protein ligand to a solid support is "linker .
sepagalionst ksugemrpl,itgg dynamik eF laasking capaeiSd)mprrsiates the static
contrast to |ligand assisted coupling described in
capagdy avith foslacgiven snediar act eri zed by its reliance on a
singl e nol ecul e which includes both the ligand (i.e.
t H806D e cA frecommbitdimi domaof peateinf A ishidablarfoe attachment to an agarose
be purified) and a suitable associative functionality
suppoin lvds alsp essi desdribedoufthe repanfiteinbingfanc efdhe peotein isdengineered
support. This techni que invol ves engi neering a
to hdvera teroniadl aysteipe( seste.gs LhSc RatagadNarg, 889,760t G & blealthcare
| i nker or spacer designed to couple the protein |igand
Prodotet Litéret@etfor FHirotdimkeS ephnarobe $a st Fidve Wabbkslect® and Mabselect
possesses an activated group for coupling the protein
to the linker. The linker is first associated with the
solid support and then contacted with protein.
Therefore, the single nolecuke Iinker serves the dual
role of covalently attaching the protein to the matrix
and interacting non-covalently with the protein. This
provi des sone pre-association of the entities

. -



[9] Scale up of fermentation and tissue culture
nmet hods, e.g., for the production of nonocl ona
anti bodi es, has resulted in both increased vol unes and
i ncreased concentrations of target nol ecul es produced
by these nethods. Product concentrations exceeding 1
gram per liter are not uncommon. These products
require purification before they nay be narketed.
Accordingly, a need exists for a chromatographic
Xtra@at Hisincnthis Fegoaiaaatedraeindh, gCeeiptie pﬂpaﬁlﬂas rwwog diogn 55-70
good product yield, and which is econom cal and eas
g/L have ieeofachieved. Naweyes opedisgitation asseciatad with/esing dﬁzﬂs
descri bed bel ow neet these and ot her needs. SUWMMARY OF
recombiBanipENEInCAlligand is-thgt Hiohubhbe genelicallyrdnginesneddp donéain the
i nvention provides a nethod of making an affinity
seledtive ovibtigy dptutiomalityi whichenay bettinee catsumingoanpd expsnsive.
solid support and at | east one protein |igand and
WI0E] N Alstherétraikgydopcossigadf & pruitaiatligagiditoea selld support is
support with an associative group such that the

“linketEE8fdtad c¥epRHgP U LinieRcdssisted bot.lbﬁhg?' oh ic@ntrageriigank)assisted
activating the solid support (i.e. addition of an

coupﬁﬁ? deabaskdinddthil below, i8 Whbpsdtented by its aklishcaldpardingle
h the protein Ii gand such that the protein |Iigand
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infra performed between steps 1 and 2. . The

melOPBk r/éyotarag @xe@p&q af linksyr assisted Pﬂu%'mQaﬁprHW ."atfte

buffer prior to ste 3] In yet oth

commeial oSt ATICGEhT BB iR B Je st GVY HV-Ge! 15® is an
coupling a protein ligand to a solid support

agarosersHPRON gedyatizard withianyNHasty&ted gamswtlc @ridraspart of a linker
associ ative group such that the associative group

arm cealginingiatpositiue!ys ehargesifopotienality. e positively chﬁég%furwtlonallty
support; c) contacting the solid support with the

is a manngiany hinirzand Thiscaminieais prbtonated et pHIT.4amd dlavssfar goupling of
the solid support and interacts with the associative

protejns withadn ispelectric point (pl) less than 6. The properties of the Affigel matrix,




[14] In certain further enbodi ments the invention
provi des a nethod of coupling protein A to an agarose
support conprising a) contacting the agarose support
with a charged species such that the charged species
reacts covalently with the agarose support; b)
activating the agarose support with an activating
group; c) contacting the agarose support with the
protein A such that the protein A covalently binds to

and ether sueh figangsperaates @ydmﬁeb assistest¢auplingdiavet lanifatians because
the charged species of a). [15] In still other

the assboiative greup (pesitiveceharge) s part attheprodeiniasiupling linker affording
chromat ography matri x conprising: a) an agarose

a fixexdlip ploratio df)the two dunctivnadities.e Anbtherahadged linker argaisodescribed
support; and c) a charged species, which covalently

for couplihy RidtéintA ¢o aghrabesindp® RatamtoN005,260y3v 3 nHese a shorter linker
interacts with the protein A [16] In yet

arm ebinpFis€irof drdirinkss iusedito fatilitate protein cRmpling tagar agdrose
bead conprising at |east 10g/L of protein |igand bound

suppoit. tTige argihineinker idactiate®aasthdaas. antheamieetLpositive ahdrge. The
may serve as an affinity ligand, e.g. Protein A

re;ui?é th{;&t%oﬁaﬁeﬁ, st Sy @ rﬁB&éétfiigftbrSi/é\ﬂéﬁﬂirPI@G BRdirdf capacity is

targ nol ecul e, e.g., protein i nterest.
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rotein |igand binds, e.g., .covalently, to the sqglid
chrofatographis atiix BrYINg snBanras Bifding cagAsibthat Provides good
i nterveni l.inker nol ecul e. The protein |igand ma
prodgekyields ﬁf‘gg%lp'él‘ﬁ peonemisahand Gasy te manfaghire. Q/am{/‘s
associ ative groups, which are covalently bound to the

embgdiments l‘j’ﬁﬂlﬁ nvgn iﬂ"Eb l&’PSEHQQ‘i' RElaw, Baeh &"?ﬁ%ﬁ@ﬁ’ other needs.
nmol ecul es. Thus in certain enbodi nents the i nvention

provi des an assqghﬂh&ﬁﬁxigﬁgggéf I hF solid
support which is ; ﬁUfﬁUFu. . pyotein
o8B o cft Eorin SPnifadiiers JPREN<BB AT LIRS % RsTrod of making
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the solid support via a |inker. Some popul ati on of .
suPRArLVEN AN 3sgRARLING IrBEP SHGR IR the asseciagve @reup KRGS Yith the
_..a linker or sone Population of the associ ative, group
solidrfaiprsdt; £ apliatinathensolidssyrposipheoprddificn of an aktivated group); c)

some enbodi ments both the associative group and the

protein ligand will have popul ati ons which are coupl ed

to the solid support via different |inkers.
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[20] In still other enbodi ments 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-covalently, with a
protein |ligand covalently coupled to a solid support
W t hout any intervening |inker nolecule. [ 21]
Addi ti onal objects and advantages of the invention
will be set forth in part in the description which
contaafingdihe solid suppopawith the prob@indisand@lchrtgﬁt theeprotein ligand binds
description, or may be | earned by practice of the
to the selicisupport aind intgracis witmthecabsaciattyegrotipofi@). nventi on
will be realized and attai ned by neans of the el enents
ar{01 ¢p nmiinreetrtaim sthEarermicodiarengs fie imvedtion prevideshan affinity
appended cl ai ns. [22] It is to be understood
chroinagsgraphip nidteix fconguizing &) ensolial supset; i) proteindighhé bound to
followm ng detail ed description are exenplary and
the slilstppba! snde) Bnazdodiative grouesépacitély bothdttbene solid support
i nvention, as clained. BRI EF DESCRI PTI ON CF THE

wheléRA¥A¥SSciative group Aierdotguith the ipfoteirgligeid. showi ng t he
dynam c and static capacities of various affinity

c hpaopt O sthoth8REbodftidlits the %@rﬂ_bﬁicr}}oﬁdes a methdd?df purifying
Figure 2 is a graph conparing the binding capacities

a tarBbt RIS frohi 8FRkRIE TMPriEhiY #) 6SMBLERY The MmidDfL under a first
W t hout an associative group and |igand assi sted

ot RN RSBk B O 08 il

bind®{& e ;Ergé?ﬁé@l)aphedf%é njlé’c[)ii heBl e Qﬁirﬁ@cﬂhr&?ﬁtoﬁ r8Bhy matrix

shows protein binding to nedra w

comfi ) USRIl B3O8k BByt BoRp o and
an d<8BRMAUL GFoll 5Epaldiels 'BBunto thd Yofld Yupport 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. Optionally, one or more wash steps employing a
suitable wash reagent, e.g., phosphate-buffered saline, water, or a supplemented
buffer 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; c) 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).



[26] Figure 4a is a graph show ng the reduction of
host cell protein levels in the elution pool froma
protein A nmedia made via |ligand assisted coupling
chem stry by performng an internedi ate salt wash.
[27] Figure 4b is a graph show ng the reduction of DNA
levels in the elution pool froma protein A nedia nmade
via |igand assisted coupling chem stry by perform ng
an internediate salt wash. [28] Figure 5is a
gl sHowaenigin fusthes @mhediments thesinveation prayides:a method of
levels in the elution pool froma protein A nedia nmade
coupling protgimél taswi agardse suppor gootpgiaing ay coytagting theraggrose
an internedi ate wash using a buffer with different pH
suppartdviteatchanged species sach that the dhagjed-species éeadts cavalently with
graph show ng the reduction of host cell protein
the agansdessiuppdrt) &) alctivating theohgdrosssappoct witinaA actdatingrgraup; c)
via |igand assisted coupling chem stry by perform ng

conttingrtherageiosd euppsdwitti the protui Resudctomhiagthe poteinanicoalently
or betai ne. [30] Figure 6b is a graph show ng

binds feetheesbiiel upp ol aktP fbn &RVhichtigtifichadts vatHSthecHdiged species of

el ution pool froma protein A nedia made via |igand
a). assisted coupling chenmstry by perforning an
i nternmedi ate wash using a buffer containing various

anp§s] aqhdstill JtheiERhBa4 NS tHEnVEWRER! fYBMESs an affinity

chromatography matrix comprising: a) an agarose support; b) protein A covalently
bound to the agarose support; and c¢) a charged species, which covalently binds with
the solid support and non-covalently interacts with the protein A.

[016] In yet other embodiments the invention provides an agarose bead
comprising at least 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 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 hon-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.



Met hods of Coupling Ligands to a Solid Support
[31] In certain enbodi nents the invention provides
nmet hods of coupling a protein ligand (e.g. ligand
assi sted coupling), to a prefornmed solid support, such
as chromat ographi c nedia, wherein both the activating
agent, which covalently binds the protein |Iigand, and
the associative group, which interacts non-covalently
with the protein ligand and thus facilitates the
f OR8] [ ol @Hher RETRasiraRatR N ataR iaER bifts, 5@: Epvalently, to the
_ligand and the activating agent, are both |inked to
solick sippsit Yid angpiyeted functioapbgreup vithianiirieryening éinken melecule.
and wherein the activating agent and the associ ative
The gratein ligandnoay lalsksdnmovaiently inteeactovith bbeor cuargl associative
linking themto the solid support. The nethod may
groupsnwhicheara)cavaekarttiyrtppuad tasthe ciotit isuppgrtovith auttamyantervening linker
support b) activating the solid support and c)
molexnigy. | Tigusiinpeertain enbodimentotHehiavention psoyiies ain dssociative
certain enbodi nents both the associative group and the
group’ciupiad td §36id sappoe vyl iendhYinkemnissisted dritba podteth ligand
- support, but are not covalently linked to each ot her,

coupl¥é@ ePh ol @upboktghigRlis finikeraeistedBot h the associ ati ve
group and the activating agent nay be coval ently bound

t o[0e Ol Sthe? ehiisdimehtd the iﬁ%ﬁﬁbrﬁﬁﬂﬂﬁ&és arl B8s®Eiaties roup
| igand may be coval ently bound to the activating

coupiE8 6 a sl GupbertiNg proteih g 6USERRE A soliiupport where

associative group may interact with the protein
somp o i e ek B trob o Ae ol ooupos
the qdiBRpRR Vo 20irRel SEird BoRdBtbn Bt piotelF IGAP IR hd coupled to
the édnﬁ%dbg%he\i@ oA P %Bgfgn)égpdlgﬁorp Bgfr&’é as%%dgﬁvré Gipt&y be

assoclatlve group nay accessible I'n

f [ g -
cou;\!jmg{i ﬁ@ggesggy%%ﬁg \dﬁt%g?%spt elg g%ﬁrfé’%h@%dgmﬁgtys %oetl;\%ﬁé asSociative
e r . . . [ .

arouB e EGarolsla 3Bnd i e By ol R ARF oHERIEH e soli

used to..coupl.e an associ ative group and protein |igand
supq%fgascﬁﬂggnghﬁlﬁ%ﬁ . I ndependently perform ng steps a)

- rovi nunmfer,.of adyantages. includin .

11 ob! I St offeh 8t denfs tHadbgdtin bBNHHR Alnker assisted

rotein |igand d sol.id supports, and contrpl qv

assqaRIVEAPUPSOURIRS R 2 SPUA SYPBRED ©-§- ot GPHarn Brady Jhe

enagbl e optim zation of conditions for .performng th
assQRNERIORPTRAY ot SOMSSFISAY, WilA PTG gt covatently

reviously described nethods of couyplin rotein

coulleg sl <LpPet Wlibiary ineryening ke e G

coupl i ng, éhJCh necessarily results in a 1:1 ratko of .
i n Addiirgababiestssand ggiygrgagp&%_the mventlon[vg Pe|s,¢t forth in

previously described nethods the activating agent and
part im thezdessaipdionaehigh dellpves. @nd inmant will e eRviops) fiqir dae dgscription,

each other before being bound to the solid support or
or maydg lgaggshby peartiverddhejnyantiona T phiestsadd adyaniages of the
. of the polynerization reaction form ng the solid o
investigpwvilt be Teriizednanchatiaingdtyrmeans lof the elamentstandermbinations

| ess than optinmal control over ligand density. QO her
partigulavly qedmted dud én theappendedislaiosh as random coupl i ng

or nultiple point attachnment rely on any am ne groups

available in a protein ligand. Miltiple point

attachnment offers little flexibility or control over

protein |ligand coupling to a solid support.

[ 34] Additional advantages according to the invention

i nclude the use of two or npige different associative

groups and/or the use of two or nore different protein

| i gands. Yet other advantages include the ability to
tightly control |igand



density to optim ze dynam c capacity, static capacity
or both. Still other advantages provide limting the
anmount of non-specific binding of unwanted
contami nants on the matri x, Non-specific binding is a
particul ar problem for previously described nethods
which rely on coating the solid support with a
speci es, such as an ani ne contai ning speci es, capable
of binding a desirable protein |igand. The control of
| i[@3¢ld dbissterle yhdeistnad that bath the/loregeing geseral dessription and
hi gh | evel of non-specific binding found in these
the following detailegedesdriptian see gyemplary and expgnatpiy, enijand are not
uncoupling the reactions for binding of the
restriathemof tte wwegtioumsaeldinneéd acti vati ng agent to the
solid support, the instant invention provides for
better control of the concentration ratios of both the
activating BRIEF RMePGREPTO! ECDRAWING
provi ding better control and tailoring of the .
c 0233kt d%’gufﬂwﬂ ds a@iaph sbawingsthe dynamicand static capacities of
concentration in the buffer, for isolating the target
variops affinity. clitomatograpbymedia comipising preteird. i nventi on
contenplates a variety of ratios of protein |igand and
a4624] atFigereg? dsipgrapn cboghanipgrtheibisding @apatities pf yadous
| i gand concentrati on exceeds the associative group and
chromatographi enedif lceuptzdoeith aad ivithoft anhassasadiveagroup and ligand
group exceeds the concentration of the protein |igand.
assistéd PsoteirmAasquiptingdnéthatis acpbrdind td theoinvenfibrer ent
associ ative groups may be used in various enbodi ments
ofjo2bE iFigard 8¢9 a draph shairy theninesLriccGHD Eellprotein (CHOP)
plurality of different activating agents nmay be used

level$ th B4 eNdibA pdit afaldish SheWwe hbst BelV prdteimsbindipgdbimadia with
of the invention. Simlarly, it is contenplated that a

differfd'aflouints 6f as*édd*.@ti@%rouﬁpwh farld @RREGt AMIhtEeneEiatk 4t buffer
vari ous enbodi nents of the invention. [ 36]

H'THPIYE [ @&vafies WerdHHLIMABEI~DO-08%£rS L0 a protein
wasthat I's bound ?g aréolié support and which is suitable

}c 3623 efik ibk?@héXs Q'ﬁﬂﬁ%ﬂ Qh@glfr%ﬂ'%t rdRIcB6H of hekt cell protein levels

terest. protei y In e a full l'ength protein,
. i: | . ' .
i G BRTRRN i SR et b 9Eh BRI Eouin

Chef'ﬁgﬁg}’gﬁfwﬂﬁn gﬁﬁﬁ{'&%@g%@ RgitTRidieds of the invention

or co hi'gh density protein ligands to a

2B S9PB s L AR TP G DN e

e B35 e A TR LR B empiag ghamny b

peritrifo Al e ERRe SRR A LT Ve Trom

" ORRRY G Bine Gigbhaueving e fSRUBRRI 5! sbprpjely evels in
the e@@ﬁrﬁ&&o@ﬁcﬁ‘g:ﬁ H‘@ﬁ%& ol qxsu e_?ﬁ%r{g;a/aﬁlpbe lisgggt%gpnllir’rfg chemistry
by pRESTRRR SRR gy VB KORBGD e AMFTETbpa AN Feit

some .enbodi nents of the invention enhanced static and
concgDHaHPR- capacities are attained without either
reconbinantly altering the protein A e.g. by the .
adBrP] onFigure Bays eegraph shewing:thepredyigtipa|ofihegt eefl protein levels
) | i nker assisted coupling. [0383 In certain
in the ghigmreridrame preteind BredinmadeNdatinand assisted eupling
contacting the solid support with at |east one
associ ative group that is capable of reacting with the
solid support. The solid supgort may be al ready
formed, e.g. a polynerized support, which may be
reacted with at | east one associative group. In other
enbodi nents the solid support may not be preforned,




bonds are al so contenpl ated. As an exanple, the
associ ative group nmay interact non-covalently with a
charged nol ecule, e.g., a polyner that is covalently
attached to the solid support. The associative group
may al so interact with the protein ligand. Thus, the
solid support may be activated such that the protein
|l igand covalently binds to the solid support and
non-covalently interacts with the associative group
chenyslsy by pettoratirganineenadiate wasayusing 8 bt&(ﬂrmﬂbﬁl@lnﬂrﬁamne or
coval ent binding of the protein ligand to the solid
betaipgpport . [040] In sone enbodi nents the
associ ative group may directly react with the solid
sppo)y t Figure6b is agrapedhbwingthe ieduetior of hgstozell protein levels
I i nki ng nol ecul es. I n other enbodi nents the
in thexektiongiool €ropn aypoteiy Abmedizomadediiadigandiassistexi edeplnga
first population of the associative group reacts wth
chentiSey &9l palfcrting ah inlermetiiaye wast using adndiep@ontaihingvarfous
the associative group reacts with the solid support
aminbEtidsctly through one or nore |inker nolecules. In
addition, the associative group may be nodified by
activation with a linker nolecul e thereby
i ncorporating at | east sone of the associative group
into the |inker nolecule while also permtting sone of
the associ at i DESORIPTION OFTTHE EMBODWMENTS.
covalently bind, the solid support. Due to the nat ure
Methddsof Qduplnfgamgmidsmﬁd@Supberassoci ative group
- designed to interact noncovalently with the protein

lijgany neyceérean embdddimehs thelinvehticropesvidgs methtsds of coupling a
eventual |y coupling the protein ligand to the solid

proteit NGAh (&1 AgaRd assisteeesoilimgl,abtprifogné®kblid Bapport, such as
associ ative group and the activating group. However,

chrofr2€8§raphid alis) WHe?aint btA thaRdtibatirPhGent) rhicH bé’valently binds

support and the associative group, creating a

the p%t%‘iﬁ li§4hd Cdh PiheAicRidlive WBLIp N@hitht ifferabBShdiRBN AL hPwith the
heSe sites conprises an activated group |inked to

protéutm éﬁ% 'a‘fildstHBQ ?éélllt'éwﬂﬁ@]‘ t8tiGT DPHEEOHVe S ﬁéﬁveen the
OtUPd be 't he &N

case wt Br activated secondar

protéi‘ﬂiﬁ??&ddﬁ Emv%%%% hO'%r ?tr??fﬁlﬁ% td"fﬂ%rsg)llﬁ%pgort by a

ing sitées are ¢ $ed of an activate
oI B S T AP i

grouécatré Y2k fflkoa mi oF'?c; fhﬁire\%{xg'n§ E5A4Al ﬁﬁ‘lﬁﬂg 'tlgénff*o the solid support.

econ ary a I'S one exa

The ﬁ‘%ﬁ&i?ﬂ%é%ﬁﬁgﬁ%ﬁ ré%c% c%g Blrgnéa€&aet)|(\;é£€&{u% \9@41 %I é)cﬁ% sajpport b)

s f ?e%sﬁ@s@ppe%aamefe pha o ese e o supvor

certafs BHbAmS Z%ha@*glh%%%‘fgé g% g?%‘g%%ﬁ?&h% b ﬁiaﬁ@ma@ebe

covafi' "gﬁ?{‘}ﬁﬁ% Ao B, 3 BB AL T cvr

et e RS HASHER KRR 4 e aciverng
cont enpl at ed. The non-coval ent |nteract|on MAth

agerﬁmsébﬁ quggﬁmlvwnmeﬂna@ut?r&ur@mtee .Sbwpert The protein

|nteract|on ydr ophobi c interaction, an |nterac

liganggnay fesc tooihgi ardivating agenb Wiigh iss Pavféé%the solid

support. The associative group may interact with the protein ligand, e.g.-non-
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[42] I n one enbodi nent the interaction between the
associ ative group and the protein |igand may be ionic.
As an exanple a positively charged associative group
can be bound to the solid support. The solid support
may then be activated with a chem cal functionality
that will facilitate chem cal binding, e.g., covalent
bi ndi ng, of the protein ligand to the solid support.
The pH of the solution containing the protein |igand
covaWybwtﬁcfpewtaé@gstbeﬁoma&lon pEther epvalentdegnd batweeaihihegerotein
conplenentary to the charge of the associative group
ligand exelcthgradivating agret whidhdsagyplantly kound todhe|aadst swifiece of the
negati ve charge or a net negative charge. The
solid isnippodctlt isralbe castemplatedothsit biottethe piadeigdigand and the associative
associ ative' group bound to the solid support and the
groum et bindl aeosisaibip thieniart Rirfacsds! and pords dfad solidsuppordi ng
of the protein ligand to the activated solid support
and3zhuslt pilbbe dppesdiateciettiabstepisra) araplinay opedomoed nh any
previ ously descri bed nmethods. The charged speci es may
ordeETls irpSomererabodihistits thevriviention ?ﬁro@ibéﬁ @etwo step reaction which
[43] Choosing the appropriate buffer conditions for

may BeUREdN® cbupl® hAidssbLiadtd gréuR apaldrotein Rgand td & selid!support.
yW|th|n thelggpablllty of the %kl|ﬁtd art?ggn Swtablpp

Indeputidetitly petfdritifg sfeps @) - @pragided ALRibRY of dtil ahtageshinciuding

as carbonat e, b| carbonat e, phosphate and acetate

eranﬂHf/fr?{ﬁe ciR8ick ¢t @RE8HRTIRE b%h;fg proR ik idaeds &hc‘l %oﬁ'@ EﬁPEorts and

on" the associ ative group used. As an exarrp e the sa

contr\‘c}:\ﬁB@@Weﬁ‘dtnBrbf?%go%tl{/é‘ gF&& {@Bﬂﬁﬁi‘ﬁf l %ﬁ{&tc%ﬂi@’b timization of

ere char ge pecies”l s used concentr tl on

condgﬁ%sl esggffh ﬁ@ @%Me@%d:agg@t& g%ng%t#waéﬁ@ ‘ﬁ"ﬁgcoﬁ%ts with
prewguglgl]d\és&'rlg?ﬁ/l%éwoﬁsedﬁ&%glg %h?'%tléig\elgégi&se@o&g%% &g)tdr%ne g. linker
assns?éc??o@@ﬁﬁ&%ﬁﬁ ééé’rﬂ EB%LP {’fr']gawoeofdi%@ﬁ] ﬁlggnd and

asso’?"ﬁ‘z%@ﬁ'ﬂ%ﬁan 0. 01 M gr eat er than 0.1 M [ 44]

of the invention may be perforrred at a

o9 el §f%ﬁ%9ﬁ%?ﬁaaﬁ%@ "Féﬁﬁﬁ?%gﬁ 2@tialinofidbnt and the
erature

1. 60 C t.h
assob GRS 2aUb Bre FRetCO ISR P o Phar hETare e found to
t t be t t t f 4
the splid sHRUSH r g TAPOratRa dHeCHb oA SOl & ﬁfi‘qﬁ B ool the
polyrkﬁ?&%i}% reca% lo%tft)&gl%gzger a la[q%pgogrzo Assopﬁ’égdl 2 slec\{f?q;rhttle

in the invention include charged species such
f'ex'h"ﬂ)ﬁ iApdJpas than OBWBahﬁ%'PFé?'g&&r é'E@Eg &ensityen Ofger PreV'OUS'Y
hydr ophobi ¢ speci es. The associ ative ?rou may nodify
desctihgd Mﬁ"@d§ FHEhAas, ra@dgm SOURINGPTmuItipIe PR ﬁ&a&h?f@éﬁ Ir ?‘Y on any
with the solid support. Suitable exanples of ionic
aming gseves avajablgdp @dlmtﬁlﬁth@ﬁﬁdr Mudtipiaaoint aftaghupgnt offers little
am nes, secondary am nes, primary am nes, asulfonic
flexibility @r controbeyen protgin digape wha@ﬁ@amhdcﬁum eof .
Sui t abl e exanpl es of hydrophobi c species may include a
pHead] grbd@jtloaalmﬁ\mnt@emg;chmgoq@ymegnmm;orolncmdp the use of
conbi nation thereof. It is also contenpl ated that
two arimere difig¢sentmasiosmtivagrbepsisad/ordhg use afitwolworanofe different
charged and hydrophobi ¢ speci es. The associ ati ve group
proteimiigands Yet etheradwantagesdnpiudedha abiliw taltightysoninel ligand
i nteraction between the associative group and the
protein |ligand may be conprised of a m xture of
interactions, e.g. ionic and hydrophobi c species.
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[46] The associative group may be coval ently coupl ed
to the solid support by reacting a functional group on
the solid support with a functional group on the
associ ative group. Suitable functional groups include,
but are not Iimted to am nes, hydroxyl, sulfhydryl,

carboxyl, imne, al dehyde, ketone, al kene, al kyne,

azo, nitrile, epoxide, cyanogens and acti vated

carboxylic acid rou S. an exanpl e agarose beads
densi b SPHMIGR PURGITFARAFIRIEER SARACIE OF BRH oS UNSRFER arvantages

epoxi de functl onal | ty of a fp03| ti vele/ char ged
prowégs!tsl&lﬁ'ae ithe agrass of seersrecifin Yisding o unwwyﬁﬁwmmw on the
chloride. A skilled artisan will appreciate that a
matrix (Nenispgcifie birdiogiaeipastigilaupechien foe pravigusiv described
solid support provided that at |east one bifunctional
methasisorhighirely a coatingthessalid Sinperbwitb@ spedojes, guohpas anpmine
be coupled in tandemto the solid support or they may
contaiaingnsbeaiek) alapabioofbiading a desirgbleqrotedn lighnd. Jingpeoritrol of
Protei n Ligands and Target Mol ecul es [47] Any
ligandrderasity progided byethelinversitah avoitié ¢hep hiagt level off ndrivepecific binding
invention provided that it is a specific binding
foun@ @i thwe Prlevidbush dedcribddasitifodyf i nterest. Exanpl es of
protein ligands may include Protein A, Protein G the

FJOBSF ePTRis By uAto Tﬁﬁn@wsea%nb%wttsxhdhgrof&he@rsigaeﬁtwe group
or growmh factor. e protein |igand may be an

and ﬂh@B&l%hﬁ? dgeft tetHe sdISuppEbi, th@ﬁastbﬂﬁnv&ﬂt‘fe@br&ndes for better
fragnment thereof. Fragnments may i nclude i nmunogl obulin

control agmw@mmoh%ﬁb@ o? BStramé éétb(lahﬁ *yg@?ht bhA the ra&@bmatlve

ant i gen epl t ope, and bind to an ceptor and
t
ol 4105, TS . i i

condktidﬁ%; Ie% %ﬂﬂgélgﬁon.@e&rw%gp@@%t irog%?d%f r?iﬁ}e %r%et gprotein.
Thu@lﬁjﬁéﬁg‘iinoé}ﬁb prfié g‘-@ e8RS @ﬁggg?é‘a R{agtew B idtfs of

o A il PP e

dbnd otein such as a transcription,facto
concPlfagn pERL e Fehe ety B nd TS s Rhedortentration of
et nDIecuI rec its |i and
tre asfcafidaroiReroreds i SutratiaoDiat e praBR fearkhd t s
s of this ent on. \Were the tar )
contsrplated Bt a'wa'r%eﬁeﬁf%ﬂ aspociatye grpgeswaggﬁr%@%ﬂtvanous
t her eof nt ai n| | east a portion of an Fc regf
embed|egite OE TP ¥vERHGN kS BECFHEMPIAECHPat & Pipraliby Orgterent
functional fragment thereof. A functional fragnment
activafig é@?”?ﬁﬂﬁayr‘?& ysed to aptivate thexselidiguppert 8 vgncpi,lsopmmdlments
G fragnent, that retains the capability of bindin
of thgm\p@ |pgg,$jmlla3y, ikis q::prggmﬁhxteddgagﬂ pilg@!lty of dlfferer? sptein
The protein |igand may be a naturally occurring
ligangp ngay,be useddn varigha eskerimenis of ke inMertion.ai n
enbodi ments it may be desirable to genetically alter
ndP&ehl | proteiligendgap usedihereing sefess toa pactein thatds bound to a
either binding to a solid support or orientation of
solid tswppprtare whichgasditahlet foe spetifidabyubindirig a tadget molFbuie, of
dependi ng on the associative group used, the skilled
interestt iA protesymapdnciede acfull iegrgthgrotgis, afragydmd pinsobanit of the full
groups, or both, into the protein |igand. These
lengtbharotels, arpylybeptidel corapepiite eagmieht of & ipeoteirat ei n
l'i gand. [49] Where the protein ligand is
protein A the invention provides for a static binding
capacity s of greater than 50ng/mlL if n-protein A
(naturally occurring) is useg and greater than 65
ng/m if r-protein A (reconbinant protein A) is used.
The reconbi nant protein A may include nodifications
ot her than a term naI cystei ne. [ 50] Were

o o Y - o e



[51] Target nol ecul es may include any nol ecul e which

specifically binds to the protein |igand of choi ce.

Where the protein ligand is protein A or protein Gthe

target nol ecul e may i nclude an i nmunogl obulin of the

| gG subcl ass. A specific exanple of a target nol ecul e

woul d i nclude a nonocl onal anti body. Fragnents of

i mmunogl obul ins are al so contenpl ated provi ded that

they retain their ability to bind to the protein

| i[@é A dn sems eemboriments et mathaslsnfdhediventiop pyevigde for
fusion protein including an Fc fusion protein such as

couping highadasitycpretgip digasda tel asdlid\eappeg- Aduésirsturn may enhance
[52] Any porous material may be used as a solid

the bindinw capadity, &g.cstaticl capagity (@s) and dynbimi¢ capacity, (Qde of the
porous material may take the form of a nmenbrane, a

targeh eanlece gal corapameskiet preyvicastyodesaribed rmbthndsa Ad adexample,
plate or a nonolith. [53] The porous materi al

usindpsevicushpdpséritestl tletliod Otypivallg 496 ngof gamoteimdl ¢.eul mstein A
or a conbi nati on of organic and inorganic nol ecul es

derivadrom)\Staghyesscduscm) pér enef a6lidruspdrt nedyi Ive adgdoupsing the
e.g., an hydroxyl group, suitable for reacting, e.g.,

methlodsBf figle fVeation7-100 @sg of pfoteintAper hiof 3dH@euppbMenay be
group, the activating agent or both. The porous

Ioadé@lt 1 bsailRm B iF RN hice tﬁén 3 0Mg R ﬂrbfelﬁ W%V'Bé lodded on
hydr ophobi ¢ conpound, an ol eophobr'c conpound

a solf] SPPBr.| (1 &HEPQH{%%eﬁWaﬂ@HQﬂ @ﬁ‘ig/ﬁﬂ nﬁé?bé%adeﬂ“@n a solid

porous materi al be conpri sed a pol'yner or a

supp%ﬂp%?é%ﬁﬁe embodlrgehé%f tﬁé%rﬁt&r\loé c&@bétﬁtlé’%ﬂ namic

mat er I ncl but are no to pol ye
cpsBHRLE S S PR BE i, o..

additﬁﬂ of3 Egétgg{r%oulééYddB’ 'dr%y‘r%hfu]\é‘ 8h'iffker aROLMY QRIRGS: 2

555 T LS T M AL i
cont%cglriéjs ! ysg)ﬂé %ugggmﬁ %}1 %agﬂ %Hﬁ @%ﬁé&%ﬁ'% %%x?;p ?Ram% capable of
e BRI Bt % P S R RS .
ot S0 i S SRR e S st BEBrovm. i
otheeewgpﬂg?g%tﬁ“%Eé?»&@&%ﬁéﬁ%@ngﬁef?}trg piBeg. pisk non-polymerized,
suchBat ihe gesaeiatie TRuD IS eBeed o »cbeavﬁ%%ﬂgﬁ%etsam R od
subs\gqhgnt?y xl'eczalrc]:lteoér Pc}/ %r}nna %Irohcéi1 sﬂb{agpt%{hogg llnc%egérlated 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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Li nkers [055] In sone enbodi nents the invention
provi des associ ative groups and/ or protein |igands
whi ch nmay be coupled to a solid support via an
intervening linker. The linker may conprise at | east
one functional group coupled to a linking noiety. The
l'inking noiety may conprise any nol ecul e capabl e of
bei ng coupled to a functional group. Thus the |inking

WDIetY may include any al kyl, al kenyl, or_al kynyl i
bondﬁ.aé% 5 S%tﬁmtﬁﬁ- % ep fwleo%a%c@twsmeﬂp EnAY mteract
ran?ingwéyon1l to 30 carbon atons. |In sonme enbodi nents

non-gayalentiniuith geghasged mgierdlededr.. avolynerthabis eeuatently attached to
atoms. The |linking noiety may conprise at |east one

the solid suppeit.ont hrigsseaiative gryunmayalee intaragt withftbe protein ligand.
linking noiety nay be conprised of a branched chain,

Thusatheusdlichsugnet oiayibe activateg suich tbatthe. protedn ligakd cgvalently
noi ety may be substituted with two or nore functiona

bindsgtodthp solitirsuppertsgret hdn-covatemtly rimteradth evith thiecassorjative group.
conprise of the follow ng attached through a hydroxyl

The rreopvalentigterastion may thus facilitate the covalent binding of the protein
CH2 CH2N( CH2CH3) 2CH2CH( OH) CH20( CH2) 40CH2CH( 0) CF12.

ligand/itd krasisolid stpwart.yi ng a Target Ml ecul e [56] In
certain enbodi nents the invention provides a nethod of
PYo4dlyi ne senieesdiodifbaithe d9s0@1AivEIgrbup Prayl ORe&tR) BRict with
nol ecul e may be any nol ecule with a specific binding

the sgﬁﬂ saSHo ithodethe Rééd tdleaiPRteivEAiNg SdinkthgPRidid@liesBh other

e coupled to a solid support. Exanpl es of target

embdBiRAtd B ARbcidtReWBup RAG bR oVERIRAESS a mixture where a first
i mrunogl obul i ns. The i hmmunogl obul i ns may be pol ycl ona
. . . . | o .0 |
popuftioh4hé s%c@pvp@ EE(?]UC;?F@éct Ii}\gufhbti’ngysdi’iﬁ %gbﬁ%l"%@, gﬂgl/ a

ragnent thereo I Ona ragnent s Yy I nc

secob PSR o i pHELORNL B RPN B8 1% B nciecty

ovodf i S b L el B e

o84 48856 gl 48 PSRBT ot fome o

e sARHSRH BB Pt BB Al s crve
It ons, suc t.hat,the tar

t I I i ficall
asso ST G 15t DB, S Bl b4 e SRR S, e to e
R R A L RN T ——

i gan In certai.n enbodi nents .the nmethod conprises
covalgpﬁgyﬁ%thmofgip Jga é’tp@)éfee?ptggltrh %qt@ﬁtuag gr ‘HP'stgHﬁ eventually
mbqodi nents step b) may be perforned at a pHthat is .
°°UP\?H53 &%EM?'E‘ 'maﬁ tP%ﬁBe ﬁ)r/qllgﬁugpeﬁ thyougha B@lsgraarm containing both
enmbadi nents step b) conprises altering the pH. . Thus _
the aggQyatiye gﬁ:y.lpo%ncgg']q aetidaling: argupe HowWeVerthase actjyation reactions
ran ing from6-8 and step b) may be perforned at an
modifycpethdhe golid syppod and therrisegiativergroup, creating gedistribution of
embodi ments the nmethod conprises altering the salt
protegueeuriing-sitasn Qite porulation oF thesritascanprizsemaniactiiated group
) high salt concentration, e.g., > 0.1 M nay be used in
linked tethesgolisheMpportthirough dhe assocativg grawm(asevguld bedthe\ease with
may be used in step b). In other enbodi nents a | ow
a CNBalactivatedseicoatd agnamirg2)1 VA segoimt popelhition rsay pxis}, where the
and/or a high salt concentration nmay be used in step
couplng sites ste tomptibed of abaitivetedsgioue qitecllgdittacheddodhe tbase
concentration of the buffer may be altered between
step a) and step b). 1. Internedi ate Washi ng of
Chr omat ogr aphi ¢ Matrices
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[58] In certain enbodi nents the invention al so
provi des a nmet hod of washing a chromatography matrix
to renmove non-specifically bound contam nants and thus
obtain a purer final product. The matrix may include
any chromatographic matri x known in the art. As an
exanpl e, the chromatography matrix may be an affinity
matri x. The affinity matrix may be any of the affinity
matrices described herein, including an affinity
matriygand unmediied assasirtivegnougatas a@ykg bedhe cape iwith a GiNBr
met hod may include an internediate wash which is
activptad basemadiix withtresidual ypmogifieskegepnsiasy BouRes)t ol higds one
chromat ographic matri x. Typically non-specific
exanplsof differenoes bietvaeers “linkegr assistadkecauplingd fwbernosly one
except the target nolecule or product. Exanples of
popuiatiorsplcodpliagl diteshmap éxists)tand fligand assisted cbupling” (where at

proteins, DNA, I|ipids, endotoxins, viral particles,
leasttd wairkzile populationk &f woaplingsitesimzy glisthoh wider range of coupling
pept one, pluronic F68, an am no acid. [59] The

conditiirRy 4t bahfgurasong gan eROGNize TRy AN ihecastdciative '_?roup and the
equi l i brating buffer or a buffer having simlar pH and

activ%ﬂh? gfAs eah betihaeperdentevdrRerin(the@ypé EmBahUAn® Peactivity of the
contfaining the unpurified sanple), and further
groupQMidivddld a) an el evated concentration of salts (e.g,

sodi um chl ori de, ammoni um chl oride, sodium sulfate,

GRAF 0 S LSihB n hoc Bl anc e

. it . o

protd 158 B et o SofmonHiGRELEN A etprotein ganc
may A% 557 B flon € RAGES 4 Hidlokpolaieracon,an
. -t aj [ -5 . f ol i h
rer S5 eHES Lo g R EOEP RS Wikl

S I'oNS suc ments nore than a

spiieke’ STEHRRsRn Rt RERAERon B i % flsceRilve group and
the iRigh ligRd Bt Torien Aecan pramplece PosTERH iBed asrprigtve
e e L e

.. a buffer having a slightly basic pH (e.q.,7.3-7.5) apd
with § Qgpranonctaaly el eeils SnSiridal piiing 5 do Covalent
. Thus_the buffer may be PBS, or any_other i tab] e .
bindsgs pEthe Riokeiniigan;toriae SSlib SHERBRY e piet 42 SplubRg containing
salt. In sonme enbodi nents the salt concentyation
the prateip igand may ke pojustadsuch t&%tth%tﬂ'i%‘ie"é FBUIESARARRr9Lhe
salt concentration ranges fromO0.25Mto 1M In still .
complemantaptiodhaeihesae RE thepsseciRtivegrosp; asociaige with hg,solid
0.25Mto 0.5M In sone enbodi nents the salt . .
suppsih @B Ahlsashone ngoative chargmona oeb nepative chakge. ¢ Hhg interaction
0.8M . [61] In other enbodinents the buffer,
betweey. theposiiivelhgharordrasseciaiive @roup beundiahe gokd gHpport and the
acidic pH (e.g., 6.5) and a supplenented salt ‘
negativelyecharged groteimwili tadiliate thedonding bfithegpredgiadigandro the
0.0001M (e.g., 0.4M. In still other enbodinents the
activiatéd solichsypprert and tbus ghovige eabaccgdHbineling capacity. @mpared to
some enbodi ments the wash buffer may conprise one or
previousty désriped raethumsacThis chilgedvepsitidsiffagrberay iaumprd swlecule
an am no acid or an al kylated am no acid including
with laatetichargd.- al ani ne, gl ycine, valine, glutam c acid,
and |lysine. The amino acid or al kylated am no acid nay
be present at a concentration ranging fromO.25Mto
0.5M In certain enbodi nents the concentration of the
amno acid or alkylated am nggacid is | ess than 0.5M
but greater than 0.0001M In still other enbodi nents
the concentration of the am no acid or al kylated am no
acid may range from0.0001Mto 1M Suitable am no
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Exanpl e 1: Ligand assisted coupling using quaternary
am ne |igands, cyanogen bronide and n-Protein A
(141ng/ ml). [ 62] Agarose beads (Sepharose 4B)
(CGE Heal thcare, Piscataway NJ) were crosslinked using
epi chl orohydrin according to a previously described
nmet hod (Porath and Fornstedt, 1970, J. Chromatography,
51:479). The agarose beads were reacted with
positively charged associative group, e.g., cations,
aded?ldi fehaasing e approgiriate h@ﬁfm@pncﬁw or gouphing @ protein
were added to 100 nL of 75% wt gl yci dyl
ligand to metoiig suppont is walhwishindbe (caprbilly afithessidlief adigant Suitable
sodi um hydr oxi de. The reacti on was shaken vi gorously
buffefs>inti@er gmy non-aaninetconjaisingldeuffensrichi aghcardonatey bicarbonate,
tenperature. The beads were then filtered and washed
phosphéte aid aceta@® boffensol Balesonderitdtion & thetbesffef Mill bepene on the
Corp, Billerica, M. [63] The beads (10 nt.)
assobRfite brolueussd ang drheragle thebs=it eéshdent@@iofilmadpbe in the range
Na2CO3. The sanple was chilled on ice along with a

of SnVECTODMM Veisstedd Bhaged SHicidd i8ruseid 1heSsalt ddMBehtration may be at
acetonitrile. Once the solutions were chilled, 1.5 ni

least@nM et (¥8thas ¢ AA! ki Ida8t SAMUBULABsETarP0 DA, 1R 164t 5nM but less
beads and the beads were placed on a shaker (>100 rpm

than @01 I CertHIneth88dindéRs tHe 8hit @bnéeRtratior?mdytss 6] i M. Where

acetonitrile solution was added to the beads and the

a hy@ﬁ@ﬂé%ﬂ&?g%c&aiisglsfégﬁ ﬁ@ﬂbl@c&{b@fﬁfatkﬁlﬂgy bBrBes‘ﬂ%bieﬁ €Thus the

wer e o react for 4 mnutes and then

' i taar fani
sl SEEF G e Bredh ) 0100719 oD Y ftater
0.1 make (10 nL) was added to 10 nL of 0.012 M NaHCG3
" Containing 140 ngs of n-Protein A (14 ng/nL). The

B}Q%@ wel ffl%?ﬁ%i‘kh&%%ﬁ%ﬁ?%&%&%ﬁ%ﬁ?% e
oS B 1 G R
Wi o ok 1M i i
tempPaY Iatehen BOICs JRatsb AL CHEva g oty BRo Db g C. n some
e T S o e BB D B efRAE s bpgpure or .
i o SRR HIE A5 PR RS R0 B PR A rperatre
Jf 4] Agarose beads (Sepharose 4B) (GE Heal thcare, .
of 20°6; scat away NJ) were crosslinked using epichlorohydrin

aC.CﬁI‘di to a previously described nethod (Porath and
Assegja g?ég‘%’,"pfgm, ../. Chronmtography, 51:479). The

agar ose beads were reacted with positivel har.ged
0687 o AT athigaroups gultabls fop HES o fnyenfiop dTtikige charged
foll ow ng nethod: 100 m of beads were added to 100 plL .
specisis Suly 3% 151G EPRGIES  ANFHPAYATIRATRSFHR TG P2 BV?@P%QE)C species.
and 3.3 g 50% wt sodi um hydroxide. The reaction was
The gssociaiive geupUeRy mediihersalif sswpart Sty cvalently binding
~overnight at roomtenperature. The beads were then
directly witsy the solid supnest Siitable exampies ofioniespekies sray include
MIli-Qwater (MIlipore Corp, Billerica, M. )
i i ines, primary amines, asulfonic

quaternary amines, tertiary amines, secondary ami
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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[65] The beads (10 m) were filtered and then
equilibrated in 20 nL 1M Na2CO3. The sanpl e was
chilled on ice along with a second jar containing a
solution of 0.5 g CNBr /nL acetonitrile. After the
solutions were chilled, 1.5 nL of the CNBr
acetonitrile solution was added to the beads and the
beads pl aced on a shaker (>100 rprr) on ice. Two
tes | ater another 1. CalBr acetonjtrile
comtgemn tergak %dﬁjé'éot‘a‘n?"ﬁ{épl?é%‘g@%ﬁﬁ'xﬁ dngda geepiegduay be used,
on a shaker (>100 rpm on ice. The beads were all owed
e.g. a pixiese of ghatgest ard gﬁ@roph@hlq/mer@%rs wilhf asgocigtivegreyr may also
cold water and 200 nL of ice cold 0.012 M NaHCO3 and
interagt|with the proteinfligandr Ebug ghrlintetastionbetwviendie aggeciative group
16 mL of 0.012 M NaHCO3 contai ning 285 ngs of n-
and tReqiretain Aigaad ndayhé compritied dfenthixtwes of heractions, e.gotonic and
t enperature overnight. The beads were then washed with
hydréphibbit Bpecie8. and filtered. The bead cake was added to
20 nmL of 0.5 Methanolamne in 0.2 M NaHCO3. After 30
mM[04EEs The abssciativeegmupamagbearcévalently sbiEIEEEB thd sdlidsupport
sodi um acetate with 0.5 MNaCl (pH 4.5) and finally

by reBB&SH BFuBCHONAIYredp DAl the &olidtsdipbertawith e)f0Asichal gpewp by the
was determ ned as descri bed below in Exanple 12.

assob4Bile |q@o§p Suitabr’ ketiehAGreape indhdde! BurtGra wak ﬁﬁﬂéﬂyto amines,
am ne 1igands, cyanogen bronide and r-Protein

hydrd:8f] s gRpRe &%Q?I rﬁﬁﬁh%ld?-ﬁﬁldéBkefcﬁ% Hﬁ@nbh‘élk&ﬁe azo, nitrile,

Pi'scat away’ NJ) weré crosslinked’ usi ng ep| chl or ohydri n

epox@@r %ﬁ’?‘gﬁ?eﬁ sgg%fcji%%sééégtggg%é rg?ﬁ s@?ﬁ%ﬁénﬂp@‘é’gamse
bead@¥HriSih Iﬂﬁﬁgérl%&?pé &m?éheﬁ\gy g ré%ﬁ:?é& With c})ﬁe%xﬂf{functlonahty

assocl ati've I ons, accor

of a peRitily BaffEd Blsockiti %@"%’r el B g ﬁ%ﬂt‘\?b g
enlorfi A sKifest 5’5&@1‘%’9 f%pﬁ%‘&? t &ﬁa%%%A“f;ﬁﬁ §AERE Ry Foups may
be cwﬁ?&@%ﬁa" § SORRert ARG s %E%Bﬁfoar\d%*?'Wrbci'oe?'eassomaﬂve
aroups peedy "ThiE asariativs $J°HP%t'€5ve bR Gt TS thaeld
suppgaﬁprﬁﬁ%vmﬁﬁgﬁggdnﬁ%a% 'Pgﬁpl%'dgg Faghly 1P 40 e§$ SHPPRIt .

After the soluytion h|IIIed 15nLofthe CNBr
Proteint-igands ard (ﬂrﬂﬁfﬁfnﬁ eédded to the beads and t he

beads. pl aced on_a_shaker (>100 rp n&\ on ice.

nilAfks Ay erotgibligand may ba usgd {m eCNBPt'ﬁ%Qf H}ﬁ inveption

solution was added to the beads and the beads ]p_l aced
proviggddhatih ieea spseific hinging parines of aHargrtdneleglleofintasst

to react 4 m nutes and then washed with 200 nL of ice
Exargples ofdretein ligandomay ineluded rotein A . RreteivGutheds mwegptor of an

filtered. The filtered bead cake (10 nL) was added to
antibodyna re¢epton fior avhemmaes oc gravwithifiastpr2 Sthenprotein ligand may be an

immunoglobulin, e.g. IgG, 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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commercially available r-Protein A (25 ng/nL). The

beads were shaken at room tenperature overnight. The

beads were then washed with 0.2 M NaHCO3 and filtered.

The bead cake was added to 20 nmL of 0.5 M et hanol am ne

in 0.2 MNaHCO3. After 30 m nutes the beads were

washed with 0.2 M NaHCO3, 0.1 M sodi um acetate with

0.5 M NaCl (pH 4.5) and finally phosphate buffered

saline. Static and dynami c capacity was determn ned as
enzymnss ex9-iidtaliipoevtiansierase atyrosingkingsiee eg. MAPR. $igahek; a

assi sted coupling w thout quaternary am ne |igands,
substista @. ¢ yglutadiioner divedyotaiad ligamd may ée/a grotein tagy mﬂ) asa

[ 68] Agarose beads (Sepharose 4B) (GE Heal t hcare,
polypRiptidetconagrididg oneroe ncoresttiidikes. Thiemgotgim dhand omwlbe a fusion

according to a previously described nethod (Porath and
protefosash edtEmAREID, The otaindiagd apdy be 2lnuykléir acihbindéayiprotein

were then filtered and washed with three 200 niL
such\&3 altradsefiptidn factdp, mwavieese rivhbtrigtase, topofsorBetdss; helicase. |If

MA) . [69] The beads (10 nL) were filtered and

the tariged nfslecule i atreéceptor, 3@ ligantilVedp 26eBgrohkie faaoR iIneay\sérve as the

chilled on ice along with a second jar containing a

protei® ligan®@h e Pethdlis@FRhis/iffkerRfct]. ONHeré tife tahgéemolditile is an
solutions were chilled, 1.5 mL of the CNBr

lmm@?ﬁl%hltrf il &, ffth 8k hQ&Qfﬁénﬁﬁé%ﬁc@mﬁ&ﬁln@%’ﬂéaﬁ@dpéﬂi%n of an Fc

beads placed on a shaker (>100 rpn) on ice.

regiof ’EH& Eﬁatéﬁ\tlﬂana'?ﬁéfﬂ 8k Frokeifila, Brotdig G-DBA f@ﬁ&k}?ﬁl Wabhfént

sol ution was added to the beads and the beads pl aced

there‘b? A ﬁlﬂéﬁ@ﬁal(fﬁa;%@l%ﬁtﬁﬂ'%réb? n'l&frncm% g?héﬁﬁ’\@fda Protein

to react 4 m ndtes and then ‘was 200 m= of

o e Bt 9y B O M B, or

an Ig%=6 mL of 0.012 M NaHCO3 contai ni ng 285 rrgs of
Protein A (17.8 nmg/nL). The beads were shaken at

r-‘*?ﬁ% 2t REe SRR Ay be, LHE R Bockihfi SECR
engiffiiEd rifedel iECortail AGRAGRME [ Al bl esape fdrstoally
ater R4l g?Felf @ﬁ%&ﬁ#&ﬂaﬁﬁ% ke f@?‘*é%ﬁ%@%?ﬁﬁm (8% gl Support or
oriorfsin P OB FBIG IWEE oh TR Pl pBa T Eolt Ehugs o riding on the
assohiap s E‘rts%ﬁ%%?%ﬁﬁ(?dﬂee'f'aeﬁ?ﬁ%éﬁvéf@'sgﬁsa%r i
hydrop%lotgw groups Eh mtot gaptrgyva o Ilgal)md 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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wer e crosslinked usingepichl orohydrin according to a
previously described nethod (Porath and Fornstedt,
1970, J. Chromat ography, 51:479). The beads were then
filtered and washed with three 200 niL vol unes of
MIli-CMwater (MIIlipore Corporation, Billerica, M).
The beads (10 nL) were filtered and then equili brated
in 20 nL 1M Na2C33. The sanpled was chilled on ice
al ong with a second jar containj ng_a sol uti on of O.éS g .
CNBPO) mWhets Hhie $¢'id suppgrt isproMideddn $oiWied. &eg-& bead, a'suitable
chillled, 1.5 nL of the CNBr acetonitrile solution was
concggiiation of prrieipdiganddnay rargs EaEs0902(Q HBIPlS rsh sk splid support,
(>100 rpm on ice. Two mnutes |ater another 1.5 nrilL
0.1 -500 ol eINBl obsadidostinrdrt sol uti on was added to the
beads and the beads placed on a shaker (>100 rpn) on
i d851rheTdrgatimalesudes naynadiude aryamolerud whicksspeifically binds
t hen washed with 200 nL of ice cold water and 200 nL
to theprotetn igdrdl 6f cHidice WadzeRheapdotkin igaretlis proteih A oeprdein G the
bead cake (10 nlL) was added to 10 nL of 0.012 M NaHCGO3
targetondletolengay Ttlugs anfimboumaicbinl of the dgGaslbelassPr At spatific
A (25 ng/nm). The beads were shaken at room
examSleRSg atavgct ragiecaicolbuldlinelubieatmonecinbhantiyedyh eBragntdnts of
0.2 M NaHCO3 and filtered. The bead cake was added to
immdRodibb@inslare dt6cbarvhplatatEpiovidedahit tiayGetainAhéie ability to bind
m nutes the beads were washed with 0.2 M NaHCO3, 0.1 M
to thé Piblen RgRiPbEchBiEd. The tidirholétlledndy alitbé arfasiby protein

phosphate buffered saline. Dynam c and static capacity

includfigtas! FequsibAfHoRn 988K B EHbRAROW | N Exanpl el12.
Exanpl e 6: Ligand assisted coupling using quaternary
i@ Supportd aRdSAciVETING Adguntdi gl yci dyl et her and
So l%-F%{r}:gptei n A.é © t@ﬂ&{;%n Agar ose beads (Sepharose 4B)

éﬁ(ﬁ%i:.&oﬁi gBF‘ousP hsa\?é'ﬁdal"}‘f‘ﬁé/y DH BB R &EQE@EH}%&@.. Ugd BH example,

rrn accor ng to a previous escri bed

o8 GRS BRSBTS ) 190 S AT SADlne, o
o34 oS BRA S B 5 A B o A

ac'cordr ng eads

oni B8RRI mRieret Y oo oot AR B plliBnic
o T e
co R34S el A e B¢ e e o
o op B A BB AR e
A A B SR B st 4 Wropnt

containing 15 nLs of 4.6M Na The m xture S -
coRPaNAR I IAEPRANREIF GQBOHIC AN BlRORAGkIGFOMPOUNG, an oleophili
di gl yci dyl et her. (BUDGE) was added. This ni xture was .
copakBd oxianyompipatom gigreof. THae peiRls meterial sy Respatprised of
with 750 mL of MIIli-Qr) water (MIIipore Corp,
a pglymer Pca copplymeid equili brated with 250 ni of 10nmM
NaHCG3. [73] Inmediately follow ng the BUDGE =
acliG5¢ht | Bxarplgs ofiBfitably persisimatesialsl inrldde cRikargLot limited to
added to 10nL sol ution of 10nnM NaHCCB3 containing a
polygihegr suliens dilyamiden edd., aomoseetellulpseepolyaacchside.
rotated in a hybridizer at 37C for 2 hours. After two
polytetiafluoraatbylepecrolyrulionm pettestan pouinyidenedueride,
(MIlipore Corporation, Billerica, MA). The filter
bead cake (10nmL) was added to a jar containing a 10 nL
sol ution conprised of 1nL of thioglycerol and 9nL of a
buffer solution with 0.2M NaCO3 and 0. 6M NaCl . The
m xture was slurried and rotated overni ght at room
tenperature. The beads were then washed with 30nLs of
the following buffers: 0.1M Tris Buffer (pH 8), 0.1M

- ~ rr ~ A -



50mM acetic acid (pH 4.5), PBS (pH 7.4) with 0.002%
sodi um azi de. The beads were then characterized for
static capacity as described and Protein A |igand
density using the standard BCA assay (Pierce,
Rockford, IL) using n-Protein A for the standard
curve, see Table 1 below Exanple 7: Ligand assisted
coupl i ng using quaternary ani ne |igands, butanedi ol
di gl yci dyl ether and n-Protein A [74] The beads in .
polyEepwene, & flypeogarenn, €8t poly (teailioneatbyienecq-petiuarplatyl vinyl
6, wth the exception of the associative group
ethea}ldidly oarboTiate, apdyetbyepeadiasaepayearhenate, wolyacrylate,
positively charged associative groups, e.g., cations,
polyamylamidegpolyp(azotadtand)o wolygtymend,aerasic, mylat apd auetaher e
added to 25g of 75% wt GIMAC, 25nL. MIli-Qr) water
anthd sélid gumstt maysioel activdtgd mothi ale appropriata chemicaldignctionality.
shaken vigorously (> 100 rpn) on a rotary shaker
Suitable chegiidal fndtiopalitiesnenahoiude chhnobeas|se.gecyaridyan bromide,
~filtered and washed with three 100 nL vol unes of
aldeWé, iepxide, \Wataictiviitdd taboryllcaddr gl drhydiokysudadimide esters
). All the subsequent steps (BUDGE activation and

or affy &3rAbihafiof WEiconI AlteRTRiveRe Whetékhd Bsédnatvelgrsup iBedprimary,
i'n Exanple 6. The beads were then characterized for

a sedbiidry, SRR \arAieIRCadRtRBAGIBUP F}Wbéddﬁﬂé‘m with
density using the standard BCA assay (Pierce,

ichi8 ihCor 4 H¥unNSidh2l BpBkigkei N Afar the standard curve,
e‘picsefe“qu:'gbl er 1 g‘él OoW. Exgrrpl e El: Ligand assisted

Linkg?é‘pl i ng using quaternary ani ne |igands, butanedi ol
I glycidyl ether and n-Protein A [75] The beads in

gxﬁ‘.‘)@;@i e B Hifie'Pdifrdhtd hePRtdstsIEBriVidsIadsb XAy Bups and/
or protein ligands which may be coupled to a solid support via an intervening linker.
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
atdms. 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)2CH2CH(OH)CH20(CH2)sOCH,CH(O)CH..

Methods of Purifying a Target Molecule
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with the exception of the associative group addition.
The agarose beads were reacted with positively charged
associ ative groups, e.g., cations, according to the
followi ng nethod: 50 ml of beads were added to 10g of
75% wt GIMAC, 40nmL MIli-Qr) water (MIIlipore
Corporation, Billerica, MA) and 1.67 g 50% wt sodi um
hydr oxi de. The reaction was shaken vigorously (> 100
rpm on a rotary shaker overnight at room .
t 4Rk atloraertaimembedinenis-thetiRentian previsiesm metAgH & purifying a
with three 100 rnL volunes of MIIli-Qr) water
target malecyerfeonter pitars. obhe Rirgetmaleculamyay be gnyaolecule with a
subsequent steps (BUDGE activation and Protein A
specificupihding)pasbres prodded dlat the specific kiediogigastherr max basioaipled to
6. The beads were then characterized for static
a solidapgpdry Bsachptas oftadyetmdo@calesi mayindlgde grateinsi such as
usi ng the standard SCA assay (Pierce, Rockford, IL)
immutdgiebuling. Oftee imruhogloblatins haadibe potyeiore| antibodiais| ar &l

bel ow. Table 1. Sunmmary of Media Characteristics for
mondaienal R/ d§ orisfipetishaMeadreantheests i Rundtipnal fraginents may
include any fragment of an immunoglobulin comprising a variable region that still
binds specifically to its antigen while at the same time retaining its ability to
specifically bind to a protein ligand coupled to a solid support.

[057] In certain embodiments the method comprises a) contacting a solid
support of the invention (as described herein) with a mixture comprising a target
molecule under a first set of conditions such that the target molecule specifically
binds to the protein ligand, coupled to the solid support and b) aitering 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 embaodiments 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 sailt 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).
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StaticL Capacity (g/) Protein A Ligand Density (g/L)
Exanple 6 20-40 71

1. Intermediate Washing of Chromatographic Matrices

[058] In certain embodiments the invention also providés a method of
washing a chromatography matrix to remove non-specifically bound contaminants
and thus obtain a purer final product. The matrix may include any chromatographic
matrix known in the art. As an example, the chromatography matrix may be an
affinity matrix. The affinity matrix may be any of the affinity matrices described
herein, including an affinity matrix which is made by ligand assisted coupling. The
method may include an intermediate wash which is performed after the target
molecule has bound to the chromatographic matrix. Typically non-specific adsorbed
contaminants may include any components except the target molecule or product.
Examples of non-specifically bound contaminants may include proteins, DNA, lipids,
endotoxins, viral particles, and other small molecules including phenol red, peptone,
pluronic F68, an amino acid.

[059] The intermediate washing reagent may comprise an equilibrating
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 some 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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15 Exanple 7 10-20 68 14 Exanple 8 5-10 64

[060] In certain embodiments the invention provides a method of washing
an affinity matrix to remove non-specifically bound species comprising contacting an
affinity matrix with a buffer having a slightly basic pH (e.g. 7.3-7.5) and a
supplemented salt concentration ranging from 0-1M. Thus the buffer may be PBS,
or any other suitable buffer, that is further supplemented with additional salt. In
some embodiments the salt concentration ranges from 0.15M to 1M. In yet other
embodiments the salt concentration ranges from 0.25M to 1M. In still other
embodiments the salt concentration ranges from 0.25M to 0.5M. In some
embodiments the salt concentration is greater than 0.0001M, but less than 0.8M.

[061]  In other embodiments the buffer, e.g. PBS or any other suitable
buffer, may have an acidic pH (e.g., 6.5) and a supplemented salt concentration that
is less than 1M, but greater than 0.0001M (e.g., 0.4M). In still other embodiments the
buffer may have a slightly basic pH (e.g. 7.3-7.5). In some embodiments the wash
buffer may comprise one or more charged amino acids. 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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with an amino acid or an amino acid derivative, the buffer may have a slightly acidic

pH, e.g. in the range of 6.0-6.99.

- Examples

Example 1: Ligand assisted coupling using quaternary amine ligands,
cyanogen bromide and n-Protein A (14/mg/ml).

[062] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway NJ)
were crosslinked using epichlorohydrin according to a previously described method
(Porath and Fornstedt, 1970, J. Chromatography, 51:479). The agarose beads were
reacted with positively charged associative group, e.g., cations, according to the
following method: 100 mL of beads were added to 100 mL of 75% wt glycidyl
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).

[063] The beads (10 mL) were filtered and then equilibrated in 20 mL 1M
NaxCOs. 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 NaHCO3 and filtered.
The filtered bead cake (10 mL) was added to 10 mL of 0.012 M NaHCO; containing

140 mgs of n-Protein A
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Mabsel ect 55 9 Exanple 9: Ligand assisted coupling
usi ng quaternary am ne |igands, epichlorohydrin and
n-Protein A on CPG [076] Controlled pore glass (CPQ
(MIlipore Corporation, Billerica, MA) LCA-

(14 mg/mL). The beads were shaken at room temperature overnight. The beads
were then washed with 0.2 M NaHCOg and filtered. The bead cake was added to 20
mL of 0.5 M ethanolamine in 0.2 M NaHCO3. After 30 minutes the beads were
washed with 0.2 M NaHCO3, 0.1 M sodium acetate with 0.5 M NaCl (pH 4.5) and
then finally with phosphate buffered salinhe. Static and dynamic capacity was
determined as described below in Example 12.

Example 2: Ligand assisted coupling using quaternary amine ligands,
cyanogen bromide and n-Protein A (17.8mg/mil).
[064] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway NJ)

were crosslinked using epichlorohydrin according to a previously described method
(Porath and Fornstedt, 1970, J. Chromatography, 51:479). The agarose beads were
reacted with positively charged associative groups, e.g., cations, according to the
following method: 100 mL of beads were added to 100 mL of 75% wt glycidyl
trimethylammonium chloride (GTMAC) and 3.3 g 50% wt sodiurﬁ 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 and 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 NaHCOj3; c¢ontaining 285 mgs of n-
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CPG 1000 A, was used to couple Protein A to CPG using
an associative group. LCA-CPG (10 nL) was added to
10nL aqueous sol ution containing 50%w gl ycidyl
tri met hyl anmoni um chl ori de. The reaction was shaken
lightly (< 100 rpm overnight at 30C. The CPG was then
washed with 50 rnL of MIIi-Qr) water (MI1ipore
Corporation, Billerica, MA) and filter into a dry
cake, _The t.hen added to 35 of an aqueous .
ProtRiA 1758 Faal dRePAHAIVETE POKU S Caa SAPREAING overnight.
30C for 2 hours. The beads were then washed with 100
The heads were thenyvashgd vmith P M NaBCOxane fitaradsnThe bead cake was
Billerica, MA) and then filtered into a dry cake. The
addeskiaf0 8- o 9.5 reshanelemine i 0rd MolNaplGa ARBICBE minutes the
containing a 15 ng/nL concentration of n-Protein A
beadenwersowpshed witha@.Li MiNald€ Qs it Mysadinkeacetate withHa.54 NaCl (pH
35C. The beads were then washed with 100 nL of
4.5) &hd finally phospliate(dffdred satin€o Statiaand nynBimit eapasity Mas
and then filtered into a dry cake. The beads were then

detennithed dsoddshribeaf bdibveiniEarpisi1® in 0.1 M Tris buffer
at pH 8. The reaction was allowed to proceed for 1

Exarple 3andghhdradsistdibedaplingausingpsaterhinpanithe dihdﬁ,
0.2 I\/hNaH% Q.1 _Msqdiumacetate with 0.5 M Na (pH

cyanpagn Jrm ﬁ"f’ir_ﬁgfﬂsﬁ'ﬂﬁh phosphate buffered saline.
THees} at A§akaRasddds (EpHirbss EBEQGEaaeartﬁdarey pliscataway NJ)
described and the results are shown in Table 2. The

wereA&r8SiikeldVigsing pRHIGYHF Ak AcdcBRiNG $o @gsr%wm Wd@g?ribed method

el enental analysis. Exanple 10: Ligand coupli'ng o

(Poréa‘ltﬁgéﬁﬂ Fbms‘%dﬁmb‘?&t Juéh%%@‘f%ﬁlﬁr?‘loé}‘g?)n erhé Sg?f’oe%g beads were

epl chl orohydrin on Contr

oo ATl 5 U b i
follolg e 108 mb T ihal FEREAEL I 0 T e oy
R s
reaofi s GPRe RIS oL ¢ L 5 ot itahehaliar dveraight at room
tomREr P 1 3bg RESCRHETC eI B Ad A asIoEd WG, thrag 29 0L volumes

fMiﬁ“{]fer at pH 8. The reaction was all owed to proceed

of Mifls\2 Walghyur and then the beads were washed with 50 niL
e f 0.2 MNaH%:(B, 0.1 sodi um acetate with 0,5 M
Nj(é87fp}:||o he Beads 10 nak) W?WZYL"WGW%W heospmtieraged 2@l 1M

- saline. The static capacity was determ ned as .

Na:Gu\ 16 sARied wasehilled gnie ajangwith axsecanisbian cpptaining a
Table 2. The associative group concentrati on was

solutipn ef 35 ENBr /Bileaepionitrilen Afjer the salplienpwesy ghillied, 3t5 mL of
Medi a Characteristics for Exanples 9 and 10

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 NaHCO; containing 250 mgs of
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Associ ative Ligand Density nol/nL Static Capacity
(g/L) Protein A Ligand Density '"IL

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 NaHCO3 and
filtered. The bead cake was added to 20 mL of 0.5 M ethanolamine in 0.2 M
NaHCOas. After 30 minutes the beads were washed with 0.2 M NaHCO3;, 0.1 M
sodium acetate with 0.5 M NaCl (pH 4.5) and finally phosphate buffered saline.
Static and dynamic capacity was determined as described below in Example 12.

Example 4: Non-ligand assisted coupling without quaternary amine ligands,
using cyanogen bromide and n-Protein A (17.8mg/ml).
[068] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway NJ)

were crosslinked using epichlorohydrin according to a previously described method .
(Porath and Fornstedt, 1970, J. Chromatography, 51:479). The beads were then
filtered and washed with three 200 mL volumes of Milli-Q water (Millipore 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 NaHCO3 and filtered. The filtered bead
cake (10 mL) was added to 16 mL of 0.012 M NaHCO3; 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 NaHCOas. After 30 minutes the

beads were washed with 0.2 M NaHCO3, 0.1 M sodium acetate with 0.5 M NaCl (pH
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4.5) and finally phosphate buffered saline. Dynamic and static capacity were
determined as described below in Example12.

Example 5: Non-ligand assisted coupling without quaternary amine ligands,
using cyanogens bromide and r-Protein A
[070] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway NJ)

were crosslinked using ‘epichlorohydrin according to a previously described method
(Porath and Fornstedt, 1970, J. Chromatography, 51:479). The beads were then
filtered and washed with three 200 mL volumes of Milli-Q® water (Millipore
Corporation, Billerica, MA). The beads (10 mL) were filtered and then equilibrated in
20 mL 1M NaxCOas. 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
(51 00 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 10 mL of 0.012 M NaHCO3; 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 NaHCO3
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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Exanpl e 11: Determ nation of associative group
concentration: Titration of quaternary am ne |igands.
[ 78] The quarternary anmine |ligand density was
determ ned using acid-base titration. A 1 nL sanple of
beads was placed in a disposable plastic colum and
then equilibrated with M 111-Q0 water (10 ni)
(MIlipore Corp, Billerica, MY and 1 M NaCH (10 m) .
The beads were then washed with 4 nL of MIIli-4
wdPéil ( Mgarrge rb@ag@r(§epbarQS@r4%)a Ghlklealthgars, |F?l§¢@t@v\tacy NJ)
forma wet bead cake. The beads were added to 80 nL of
werelcrysslinkediusing spighlorghydin peedingdo & predeusly sigscribpeg pethod
neter was placed in the beaker. The sanpl e was
(Porathtarat Eornstadt, 0970, MGigomatograpbngSari7ey. dhelagayosbbadds were
(Q Sepharose FF) was used as a control. Data for
reactedanith pesifiv8lyichashedasbediative grolgis), e.dl, catiens, esuobiding to the
surprisingly denonstrate that | ower associative group

followlitgahéthoan 80amk @f beads wireglddedatostOd o5 weglycidy!
provi des for superior static capacity conpared to both

trimetioyERheorALy/ctivade GTMAC), erondl MikisQ arstenbh@ring g\80% wt
experimental conditions. Exanple 12: Determ ning 1gG

sodifrh3ydfoadd. Tveadacti6RMas shaken vigorougR (>T180 fird} b afotary
saturation capacity for each of the products descri bed

shaka olBMigMAHTRbEM RAPETafitE. AP SdsAlveRetHERItdred WRidwashed
determned using the follow ng nethod: |I. Bead

with ﬁ‘hLéQel'@ﬁ)' rﬂﬂiloﬁtﬁge@ WMﬁﬂQWStmhﬁége Obr2 TilleriMA). A sample

PBS buf f . The bead suspen3|ons

of th%ﬁegﬁ}%égnﬁgatléa%sﬁ% H%—F.%ﬁ?@télu sxeﬁBSd BERSY t& deldthrfne the

asti c con
quarternary ammonium ligand density.

[072] The beads (50 mL, filtered cake) were added to a jar containing 15
mLs of 4.6M NaOH. The mixture was slurried and 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 NaHCOs.

[073] Immediately following the BUDGE activation step, 10mL of the filtered
bead cake was added to 10mL solution of 10mM NaHCO3; 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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3. Protein Solution (1gG (1ng/ L) in PBS was added to
each tube (14 nli). 4. The tubes were
capped and shaken slowy (< 100 rpn) on an orbital
shaker. 5. After 24 hours the beads
were allowed to settle and a UV readi ng was taken of
the solution after binding. 6. The W
absor bance was converted into 1gG concentration (c
-1.38) and the mass bal ance was used to determ ne_ the
50mMaagtigtacith (Ridga2) R3S (pH 7.4) wittg§)00R% spdiinaiaride. de: %ﬁads
were packed into Omifit colums (0.66 cm di aneter,
weredhep ebarrgtgrizgd ﬁ:f@t@t&@%wqimawb@dtﬁwPr@etfbﬁdlgﬁﬂsi density
of pol yclonal human i mmunogl obulin (1gG. The col ums
usingitinecstandaid BEA assay (PiereBSRockiogd, (L) Hsihgd)-Paiotein Adfor the
protein (1 g/L) was | oaded onto the columm with this
standeadeuovd fse Table thelawi.ty at 10% br eakt hr ough was used
to conpare the different nmedia. Figure 1 shows how t he
Examphd T Lagand\asais tedoamasliniy ubing hg@tmmgramimdigam,

i al . | able Mabsel ect d
vutafiagies ooty By fRa BRI o pi scat avay, No) and
t 74} OCTId beAdERERERDIEL7 Sre Tiunticestt beadotesuriiad iesExample

2-5 are shown in Figure 2. Table shows the static

6, withAhaticeptioh o xReBkSssciftive grop @dcﬁnb@srﬁéw 8gaiovel eads were
capacity for exanples 9-10. Exanple 13: Host cell

reactggg@g’r g?ié@gale driir§éd h8sd&stivd gﬁddb% Bgf' catiinsd abESFdRY to the
gand densities wth wi t hout an
folloviiRh SheBdda 68 MER beads were added to 25g of 75% wt GTMAC, 25mL Milli-
Q® water and 1.67 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 100 mL volumes of Milli-Q® water (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 Milli-
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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[81] A clarified, nonoclonal antibody (mAb),
serumfree CHO cul ture (Angel Biotechnol ogy,
Nor t hunber| and, UK) was used as a nodel HCP feedst ock.
After equilibrating with 10 col um vol unme (CV) of
phosphate buffered saline (PBS, pH 7.4-7.5,
conductivity 15-17 nS/cm) solution, 20 CV of the feed
was | oaded on a colum (0.66 cminner di aneter. x 7 cm
gth) packed with the protein A nmedia as descri bed
r°°m|tﬁ”5@é'ﬁﬁfr@s Tawegheadsowers fliered pad Washrdwithithresy 1@/ mL
of PBS or 8 CV of PBS (pH 7.4-7.5) supplenented with 1
volummthlﬂldef@rmlhpqe@omorﬂw Rifipniceddibd Aetbe(ppsequent
7.4-7.5) flush. This was followed by 10 CV of 0.1 M
stepss(RVDRE activation gnsHPetein Atdoupling) were ideméicpkiaikthose described
fraction was collected from0.5 to 5.5 CV. The colum
in Exaeple Be Thel lssadsdwvelet theh cbarattedizét domstatic capacity as described
hydrochl ori de and then re-equilibrated with PBS
and PreotéiarA ligaed dienditye lising the standeadtBC Aassap ¢PfevcerRookfoed, IL)
Bi oCad(r) preparative liquid chronmatography system
using Wrbtetd ABfoy e senriard curve; egsecTalletlybelo®) . The
el uti on pool was neasure by UV absorbance at 280 nmto
Tablgl¢t S8ummary gfMedicEharaténsticartdr Fkxahbled 6-8ras al so
anal yzed for CHOP concentration using a comerci al
enzyme-11 nked 1 ABSGQSRFOENt assas/ EEleA) HI PProbfef AUBigand

Technol ogi e$ I iNgand ga;,l,tshpor RE3GIY s [are SHeSity
in Figure 3|and depppahrate that (@hdpeci f| c bi nd(d)g)

th _Qm plU[eIﬂllg?ﬁ]U UEHSI[yIS

lg?) —get VVIH _ IU dp tet II|:UI d.I.U V 1"r
- Hr—TFapte
8 = £l oy el it f h %r\r,L

O o T Tty —O7 LI} TCTTTou

H

the—e
)
and matricaec daceri had har al allow-apn-artilsan-to-
CATT LILE Z 3.} oy o J ~ TIOT O LI AT T Ouv CATT AT C ~CATT L4
Q-S H—Lab-L—g—ﬂE&"'L‘f whi-le m-nim-zing
- 13- I -
Mabselectpnl el side effects Qlllr_h as nB8. specifli ¢ _bi ndﬁnrl

thus providing an affinity matrix whi ch may be
tailored to a specific application. Exanple 14:
Example 21 iLldgand assistedgoupling aising qoRternary mmineligandsn

i diate wash with salt
epucl‘nl%ﬁpﬁylﬂ m%@ﬁo#ﬁékp% ar f‘??gg non- | gG expr essi ng,
sd070} fCentiraied poretglass (QEE()l(Nb"IBbm Ggrparhtion, Billerica, MA) LCA-
Laboratories, Piperville, PA) was used as a nodel HCP
CPGfMAothamduto cmlplasBrMem Aito ICAGging anfaspotiative gsbup.
human gamma gl obulin (hlgG (SeraCare Life Sciences,
LCA-GRG (10rebhwas @ddedto 18mlerqugais sbiudioh mmainlmglm% wt glycidyl
col um volunme (CV) of phosphate buffered saline (PBS,
trimefiylammahiom cidordetThe teactibnwasrshakgn Eghhtiyt (<0100 20mPdvernight
of the feed was | oaded on a columm (0.66 cm i nner
at 308Caifee @PGwas therl wagihdd withc@ chivnoft iliHQ® wvanee(Millipore
nmedi a as described in Exanple 2. The columm was then
Corpuestiosd Billdriva3 M2} anid BT ihfda drg cZke) Tise! QG vy hénvadded to 35
0 -1 MNaCl followed with 2 CV of non-suppl enented PBS
mL of ahl aguéotsHolitiarsdf. epibhiarotizirinole”e welstakekDlightlyost 30°C for 2
Msodiumcitrate (pH 3) elution buffer. The peak

hourd. 'l beadsaeré ehéreaigHed WitR Po® nilooPMIl QR water paillipate

was then cleaned with 5 CV of 6 M guani di ne

Corp8iiions Bilricae nd@ien Mterad iintold ahyesard. t th&Baads (5 mL) were
buf fer. The bind-elute experiments were perforned on a

addeBit8 GghL PHEPOH Bt NMﬂdO%ﬂaW?W@ﬁgﬁh%&%&hﬁﬁhon of n-Protein
(Applied Biosystens Inc er Gty, .

A. Tl @bugrh@ﬁééctmsw{i@ﬁ?hﬂfsMéﬁVo@&% 3@t ﬁ@bé&@!& Qere
deternmi ne 1 gG concentrati on and y|e . It was al'so
anal yzed for CHOP concentration using a conmerci al
enzyme- | i nked i mmunosor bent assay (ELISA) kit (Cygnus
Technol ogi es I nc., Southport31 NC).



[83] Figure 4a shows the neasured CHOP levels in the
el ution pool using different salt wash buffers.
I ncreasing 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% [84] Figure 4b shows the

rreasured DNA | evels in the elution pool using 1M
suppl enent ed PBS buffer wash. Salt wash decreased
then wash@s!nwslpéepfmb@rf Whafa%wat@a('\ﬂsﬂmqr%@reow oBdk?f/@asMN and
ompared to regul ar_ PBS wash for protein A sarrp

then mﬁaeed ineral dry e a Jdieshead wap? thap aggerhtn €0k of M
Reduction of HCP level in I1gG elution pool usi

ethanolasine di 8t eMiBg$ buffehal pild. Tine readtion g\m@ralwﬁdg to proceed for 1
concentration [ 85] The experinents were

hourconbtihenetie lnedels wenedvashedwith&0 mbreadch ofl 0.2riMiNaHGO3£0.1 M
descri bed above in Exanple 14, except that an

sodiurmtaeteie wite OvBMNRCH (i 4c8)mod themofirdali@wit pRP&spl{giel buffered
6.5 and supplenented with 0.4 M NaCl) was used.

salinb86thd s @tit €apasitp Wastditeminedraatbrevidisheded ibied drtbthe results
el ution pool using internmedi ate wash buffers with

are sHoWrelrENabIR2. aNHe SREbCIGRNS BRIUREOREENtrationUVAS deteraiimed] by
using the pH 6.5 PBS buffer with 0.4 M Nad | owered

elenldhtal@idn/digvel by a factor of -8, when conpared to
results obt ai ned usi ng non-suppl enented PBS (pH

Exarhpfe 105)Ligahtcov@ifty 69 nSPFdtein A without using quaternary amine
ligands, and epichlorohydrin on CPG.
[077] Controlled pore glass (CPG) (Millipore Corporation, Billerica, MA)

ProSep 5-CHO 1000 A, was used to couple Protein A to CPG without using an
associative group. The 5-CHO beads (5 mL) were added to 5 mL of 0.01M NaHCO3
containing a 15 mg/mL concentration of n-Protein A. The coupling reaction was
lightly 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 Examiples 9 and 10

Associative . . Protein A Ligand
Ligand Density S"at"’( ‘if_‘;’ac'ty Density
(umol/mL) 9 (g/L)
Example 9 61 65 >10
Example 10 0 40 6
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Exanpl e 16: Reduction of HCP level in 1gG elution pool
using internmedi ate wash with buffers containing am no
acid or alkylated am no acid [87] The
experiments were conducted under conditions that were
simlar to those described in Exanple 14, except that
an i nternedi ate wash buffer conprising 8 CV PBS buffer
(pH 7.4-7.5, conductivity 15-17 nS/cm) and 025-0.5 M
bet ai ne, Lal ani ne gl ycine, or |ysine, or 0 125-0.25 M
valine, or 0.15 Mglutannic acid was us
Examplg 1t @et@maayﬁn\@f asRoGiative mgumqem@tsonnﬁtmtmn of
quaternary@mpligandag i nt er nedi at e wash buffers
cont ai ni ng betaine and L-al anine. 0.25 M betai ne
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Examp 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 uL 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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[091] Many nodifications and variations of this
i nvention can be made wi thout departing fromits
spirit and scope, as will be apparent to those skilled
in the art. The specific enbodi nents descri bed herein
are offered by way of exanple only and are not neant
to be limting in any way. It is intended that the
speci fication and exanpl es be consi dered as exenplary
only, with a true scope and spirit of the invention
bei ng i rftli theddbes werie cepped@ndghakenslowlyra0Q epm) on an
CLAIMED I'S: 1. A nethod of coupling a protein |igand
orbitalshakenl i d support conprising a) contacting the solid
support with an associative group such that the
associ ath.\Afterpourst thedmasiswete allosvexbta setfiemmal a U\bjeading
activating the solid support using an activating"
was tpkenmf thadohitionegfterdsietliingcont acti ng the solid support
with the protein |ligand such that the protein |Iigand

bi nds t & .tTee BM alysirBanc®Was convestet iatdlg® o6maritetiony(e
interacts with the associative group of a). 2. The

~1.38PAM® thedmask Balddce Wasued tbiRiS®hing theRRAIratiIbS cApacity.
bead. 3. The nethod of claim?2, wherein the bead is

anoBopr OFife Pdtdin Admedizewers o infd @ninifit ccymﬁfrgh(g.es cm

the associative group is a charged species. 5.

diamed?En?bed! riights andhi8sRid Yo Bfnamf BRding el Rty i Yolyclonal

posi tive charge.
human immunoglobulin (IgG). The columns were equilibrated with PBS buffer (pH

7.4) and the protein (1 g/L) was loaded onto the column with this same buffer. The
capacity at 10% breakthrough was used to compare the different media. Figure 1
shows how the static and dynamic capacity for IgG compares for two commercially
available benchmarks, Mabselect® and Mabselect Xtra® (GE Healthcare,
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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6. The nethod of claim4, wherein the charged species
bears a negative charge. The nmethod of claiml,
wherei n the associative group i s hydrophobic. 8. The
met hod of claim11, wherein the solid support is
activated by contacting the solid support with at

| east one activating group selected fromthe
follomﬁng a) cyanogen brom de; b) an aldehyde c) an
epoxi de; d) an activated carboxyllc aci

citrate ﬁnﬁr@gﬁrl@mﬂ pHffer. 15he prak feackion s wlmqm@fromn@ﬁeﬁorﬁ 5CV.

the protein ligand is chosen fromprotein A and
The gnlemai wasthen gleamad wittt H60/ of 6 M guanidinehgdisichlarige and then re-

protein ligand covalently binds to the solid support.
equilibpatedhwitmPBObUiiér. cThe hint-elwteeexperimpnts wers perforomed on a

bet ween the associative group and the solid support is
BioCad®qrepardtiviediggiid chromatography system (Applied Biosystems Inc., Foster
City, CA). The elution pool was measure by UV absorbance at 280 nm to determine
IgG concentration and yield. It was also analyzed for CHOP concentration using a
commercial enzyme-linked immunosorbent assay (ELISA) kit (Cygnus Techhologies
Inc., Southport, NC). Results are shown in Figure 3 and demonstrate that non-
specific binding associated with higher protein ligand density is easily off-set 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-lgG-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 (hlgG) (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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13. An affinity chromatography matrix conprising: a) a
solid support; b) a protein 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 |igand. 14.
The affinity chromatography matrix of claim 13,
wherein the solid support is a bead. 15. The affinity

chr opat.ogr aph trix of _claimil4,. erein the b is .
wasHH B EuoW SRS (DR 478 SRARTEH NI SuMaNAG! Tollowed with
matrix of claim 13, wherein_the associative group is a
2 CVeopfnejegurplemesyed PBS (pthd 47 Drflusp. cHig Nea%@ﬂawﬁq by 10 CV of
matrix of claim 16, wherein the charged species bears
0.1 M spdisim citeate iipi o elutiorrhuffer {The ppak iestian s¢asaplipcted from 0.5
matrix of claim 16, wherein the charged speci es bears
to 5.5 G\eglhewelurhamegs then cleaned with 5 CV of 6 M guanidine hydrochloride
and then re-equilibrated with PBS buffer. The bind-elute experiments were
performed on a BioCad preparative liquid chromatography system (Applied
Biosystems Inc., Foster City, CA). The elution pool was measure by UV absorbance
at 280 nm to determine IgG concentration and yield. It was also analyzed for CHOP
concentration using a commercial enzyme-linked immunosorbent assay (ELISA) kit
(Cygnus Technologies Inc., Southport, NC).

[083] Figure 4a shows the measured CHOP levels in the elution pool using
different salt wash buffers. Increasing NaCl concentration from 0 to 1 M decreased
the CHOP concentration by more than five fold, from 450 ng/ml to 80 ng/ml. The IgG
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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19. The affinity chromatography matrix of claim 13,
wherei n the associative group i s hydrophobic. 20.The
affinity chromatography matri x of claim13, wherein
the protein ligand is chosen fromprotein A and
protein G 21. A nmethod of purifying a target nolecule
froma mxture conprising: 1) contacting the m xture
under a first set of conditions wth an affinity
chromat ography matrix such that the target nole

factopphat8. when werrmaseé it rﬁt@]ﬁ@btafnqddésmsmnxsuwémeq RBS (pH
affinity chromat ography matrix conprises a) a solid
7.4-Ts%)p pyffer waphimgstepei n | i gand bound to the solid
support; and c) an associative group separately bound
Example 16: ﬁadtmt'mmpbl-lcmmm in ﬂgGady&onawvleumtermediate

wash R\éﬁigﬁlg@{g\"gﬁgt%wq§ uﬁ? ?%'at t%kyimr ge%?”?‘*ecu e no

I doger Thendzpéniméehis werd esmdudtedndder comditioms that,were similar to
thereby purifying the substance of interest. 22.The
thosérdeberibeaf incExamp&l14, vd@&ept thdtlze ihtergaidiatel veash buffer eomprising

i mmunogl obul i n. 23. The nmet hod of claim 21, wherein the
8 CVIPBSS3uffErl(pEUt.2-7.5, Gortdiftioity REOfRhS/cm) and 0.25-0.5 M betaine, L-
alanine glycine, or lysine, or 0.125-0.25 M valine, or 0.15 M glutamic acid was used.

[088] Figure 6a shows the measured CHOP levels in the elution pool using
intermediate wash buffers containing betaine and L-alanine. 0.25 M betaine reduced
the CHOP concentration. Comparatively, alanine was more effective than betaine.
At both concentrations of alanine, the bound CHOP was reduced by more than 2-
fold.

[089] Figure 6b shows the measured CHOP levels in the elution 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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41 25. The nethod of claim 22, wherein the

i mmunogl obulin is a nonocl onal antibody. 26. The

met hod of claim 21 further conprising an internedi ate

washi ng step to renove contam nants conpri sing

contacting the agarose support with a wash buffer

after step 1) and before step 2). 27. The nethod of

clai m 26 wherein the contam nants conprise a smnal

nmol ecul e, a protein, a nucleic acid or any conbination
numetical @grameteg showld becrpatreed i ighhof dhe prBathanof signifigasy digits

buffer conprises an acidic pH and a salt or both. 29.
and qudénargtravodiog appseashEs. wherein the pH ranges from

5-6.99. 30. The nethod of claim 26, wherein the wash

bUpPdl Masy madificatiogisrand vanating-ofghis.invention can be made

without departing from its spirit and scope, as will be apparent to those skilled in the
art. The specific embodiments described herein are offered by way of example only
and are not meant to be limiting in any way. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the

invention being indicated by the following claims.
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31. The nethod of claim 26, wherein the wash buffer
has a basic pH and conprises nore than 0. 0001M Nad ,
but less than 0.8M NaCl. 32. The net hod of claim 31,
wherein the pHis 7.4. 42 33. The nethod of claim
26, wherein the wash buffer conprises an am no acid or
an al kyl ated am no acid. 34. The nethod of claim 33,
wherein the amno acid or alkylated anino acid is
r -al ani ne, betaine, glycine valine,
\ngﬁfggpiAﬁgkhzggnd | ysine. 35. The method of claim
33, wherein the amno acid is a charged am no aci d.
36. An affinity chromatography matri x conprising: a)
1.an afyanetbed xfispupling a)proteit kgandaospselicsupporbeamarising a)

co B LE 3BT ARBBA TS She gl FREbRREE R tlhrcve
grang interactoWahans ksylid BUSHEE!LS) autivatindhansslideduppdrt using an

wherein at |east 10g/L of protein A is bound to the ]
actiyating erap; Bnd @ gepasrely antacting the sofigsuppert with,the protein

Iig%ﬁg%gj?bqiﬂéﬁﬁ%ypgg%ﬁ% Isléarg% g@b@itmﬁ@acﬂmég 581id BEpPSRERThon-

covalently interacts with the associative group of a).

2. The method of claim 1, wherein the solid support is a bead.

3. The method of claim 2, wherein the bead is an agarose bead.

4, The method 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 activating group selected from the
following: a) cyanogen bromide; b) an aldehyde; c) an epoxide; d) an activated

~ carboxylic acid.
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9. The method of claim 1, wherein the protein ligand also can bind an

immunoglobulin.

10. The method of claim 9, wherein the protein ligand is chosen from protein A

and protein G.

11. The method of claim 1, wherein the protein ligand covalently binds to the solid

support.

12. The method of claim 1, wherein the interaction between the associative group

and the solid support is a covalent bond.

13. An affinity chromatography matrix comprising: a) a solid support; b) a protein
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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17.  The affinity chromatography matrix of claim 16, wherein the charged species

bears a positive charge.

18.  The affinity chromatography matrix of claim 16, wherein the charged species

bears a negative charge.

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

is hydrophobic.

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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24. The method of claim 23, wherein the fusion protein is an Fc fusion protein.

25. The method of claim 22, wherein the immunoglobulin is a monoclonal.

antibody.
26. The method of claim 21 further comprising an intermediate washing step to
remove contaminants comprising contacting the agarose support with a wash buffer

after step 1) and before step 2).

27. The 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 pH is 7.4.
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33. The method of claim 26, wherein the wash buffer comprises an amino

acid or an alkylated amino acid.

34. The 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, wherein at least 10g/L of protein A is bound to the

surface of the agarose support.

37.  The affinity chromatography matrix of claim 36, wherein the agarose

support is an agarose bead.
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