MEDI A FOR AFFI NI TY CHROVATOGRAPHY DESCRI PTI ON OF THE
| NVENTI ON CROSS- REFERENCE RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional

Pat ent Application No. 60/958,912, filed on July 10,
2007 the eMEDRIA EOR ARFINIGTYY GHROMATOGRARN Y or at ed by
reference herein. Field of the Invention [001 ] The
invention relates generally to the field of

chromat ography. In certain specific enbodi nents the
i nvention provbDESCRIPTUONDOE U INVENTIGN e for use

i n chromat ography, e.g., nedia for affinity

chr omat ogr aphy, and nethods and kits for using the
same, as well as systens for performng a

chr omat ogr aphi ¢ process. Background of the Invention

CROS8IREFERENGE REIONREDIARPLICATEYNSan i nportant role
I'n the research, devel opnent and production of

pr Otl'ﬁlsﬁépplicéﬁbhlélaﬂrﬁs 'ﬂﬁ’é‘@@hé‘ﬂadf a8t Peodsienal PAMRRS Npplication
Affini té chr omat oglragoafz nmedi a generally conprises a
Yn

Nos 60/ b'%JdHQd ORaly Q8 uhe antigaaanteaa®l whieh are

o N et nolecule. Affinity

'ndoﬁégﬁgﬁc& b¥ ap yéﬂzs?%uésrg{rp because the |igands depl oyed
on solid supports, such as beads, are typically

Fiddlafctheavétiohhe target nolecule. This selectivity
allows for good yield, as well as fast and econoni cal
pur {001daThennwéntionrretzitesrgbrerdligto the-eldiohthrargatolrdphys In
(e.qg., 119G, including nonocl onal antibodies, Protein

cefainSspeRifR B rRbbdiMfrtd fHeﬁl'nK/é ﬂlérgﬁﬂﬂnd@;' é@oﬁ’d §Q|§pc5'fP§U|table for
sub-cl asses. Boyle, MD.P. Rei s,

us?..r%ﬁ@?ﬂﬁ%{b&%bhy, e P heal2 BF S%ffﬁ.t?ch?orﬂgf%‘g*f‘gﬁh;?fafnd%é%ods

igan

and kits for using the same, as well as systems for performing a

chromatographic process.

Background of the Invention

[002] Affinity chromatography plays an important role in the research,
development and production of proteins, including monoclonal antibodies
(Mabs). Affinity chromatography media generally comprises a solid support
having a bound ligand capable of interacting with a target molecule. Affinity
chromatography is useful because the ligands deployed on solid supports, such
as beads, are typically selective for the target molecule. This selectivity allows
for good yield, as well as fast and economical purification of target molecules.
For immunoglobulins (e.g., IgG), including monoclonal antibodies, Protein A is
a selective affinity ligand which binds most sub-classes. Boyle, M.D.P. and
Reis, K.J., 1987, Biotechnology, 5: 697. Protein G is another affinity ligand for

1



IgG Hermanson, G T.; Millia, A K ; Smth, P.K

| mobilized Affinity Ligand Techni ques, Academ c

Press, 1992. [003] Both Proteins A and G can bind nore

than one 1gG Once immbilized onto a porous
|gGhHareengeapGyT. sMatier A. Kuchmith, B K dgimobilizachAHingy Ligand

ot her nedia, both are useful for purification and
Teehnigees, AtadenidRresomag2. pol ycl onal 1gG or nonocl onal

anti bodi es (Mabs). [004] Protein A may be isolated in

| 1S o) V@otﬁ‘?‘r@léﬁ@@ aﬁcﬁ@rbérpﬁﬁe%'&e tREh e 1gBU ORI

conmmercially available Protein A nedia products such

mﬁ'n%bllll_z,%a%‘ﬁ?o 52)05@49%@%%3 BQ aedg@ ﬁgﬁ:&%ﬂ g ?éélp I:rlnngbrane

otern Ive
Protei.n her al. affinit .
or Gt 8 BELEI A TEAtONBBYR D digtugion of
Protein A reconbi nantl produced in E Coli
IOOMC&E@MQC&QM“QE\OCW 6ﬂéb¢ﬁ|¢§ (Mgbg). e.g., US Patent No.
5,151, 350. O her nodified reconbinant fornms of Protein
A h§@t]aPsotebeAmaylbs ¢solbted. in 8senatiee dorm o8 SRathgrfdcoccus
No. 5,084,559; U S. Patent No. 6,399,750; U S. Patent

aurBiY. | CatrescdNemerHaR/ SzbROPrdteint & medha br@RIES such as

conprising a cysteine residue are also known. U.S.

Pr&8LS VA ﬁ@oa}r% A¥toRAPA r%f‘&?é‘?agpﬂomﬁ usd PréRih ATc!ﬂ@r a/ed

additi1 on a cysteine dmno acid facil tatesl

pI| the base. mat,ri resin flcatl
frofig St A s BRI S SR TP R Al I?tﬁsworam%c'“’ﬁ Opty fed?
descri bed. US Patent Publication No. 2005/0143566._
Prodysty sutfepe PapeerEh@nd Maapalest@ esripubrotgin Aseeempinantly
the performance of an affinity chromatography nedia.
prasilcecting. tGoli (e¢darshinast amsBrotemnals f 8ee, egndisgatent No.
capacity and packed bed perneability all play a role
5,151,358t otmrmhodifiet eecdrmbinbyt foirma oftttotein A ladveesisotieen

desired separation. Selectivity of the resin may be
deSEMDER B¥e ld18., 1U.8apateHINd. 155084 888" IS PatdhiMo 06, 308 50;
U.S. Patent Publication No. 2005/0143566. Protein A ligands comprising a
cysteine residue are also known. U.S. Patent No. 5,084,559; US Patent No.
6,399,750. The addition of a cysteine amino acid facilitates ligand coupling to
the base matrix or resin. Modifications to the B domain of Protein A have also
been described. US Patent Publication No. 2005/0143566.

[005] There are several parameters that may determine the
performance of an affinity chromatography media. Selectivity, effective mass
transfer, binding capacity and packed bed permeability all play a role in
determining the utility of a media to affect the desired separation. Selectivity of

the resin may be driven by the ligand and its properties. Many of the

performance characteristics are determined by a combination and interplay of
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performance characteristics are determ ned by a

conbi nation and interplay of 2 the base nmatrix

properties, type of chem cal nodification used for

ligand attachnment and |igand properties. [006] The
thebbgge matnix rrqpealyss, dypenbechamidat modifisatign tsed for ligand

pressure-flow characteristics of the nedia and al so
attdetiraent aes ligded peideetidd. ve pore size" into which the

target nol ecule nust diffuse to affect adsorption. For

synidi)i §habhseAhiixd apoh YORNS dtetlﬁﬁﬁ‘nlhﬁ tRé b?ébs%re—flow

rel atlonsh|p bet ween 't he pore size of mat er i al
cngfitidliicd %f ﬁ{eva%dra 845l QU BN e BT SRR
eC| true for dr oge such S arose. .
th%t @ﬁptar dlecy rnﬂﬂﬁa%ee@g@]@%ﬁt gdsorplve. Jasypiistic and
igidity V\,here only after chem cal nodification
natuﬁabm@hm@f%%@lre ikoften pgelgtigaship istween gaipeie size of the
obtai ned. US Patent No. 4,973,683. To attenpt to

mabe@alwmthermmerveﬁmgidﬂylgé’ypicélw,ttheﬂargbethecpme size the less
crosslinki ng has been devel oped whi ch provi des

rigkipa ttbes Will decertict i iPeassHiIR- thlidRr P dl$ 86ch 88€,
ge g., US Patent No. 6,602, 990; Fs/-GE Heal tyﬁggg;e Cat al og,

agafdst. o %?srmmﬁa%a%lpﬂﬁo?ﬁéc%% arosE h%MF o1y RoorT rigidity where

conpressi mts op ratin

ssur.es_are usu stricted t
on e P o R R S o el %%@r%@eﬁ'gg%eﬁ@aﬁ?v
avail able to the end-user._Comercial Protein A
obigingdh; Py %@8(‘5"'9&6@7@5@% TagHemps to PVaRsaNS @@Sﬁgar ose
include Protein A Sepharose Fast Flowm(r), r- Protein A
chaligitgaso Bsthrashemicalcrossliviingdiasdagan dewvalopedweiakcprovides
Xtra(r). US Patent Publication No. 2006/ 0134805.
paNiseiti suitsla(orgsssediont bepevtigssi S¢e af g., I8 Pated No.
agarose where the pore size, particle size and |igand

6 eiﬁl%cg @Egﬁa@éth%gﬁcg%é@t@bﬁ MowEFerd i eSRateiRifPAfe stil
g, 2007.

compressible, which limits operating flowrates, moreover pressures are usually
restricted to < 2 bar, thus limiting productivity and the operating window
available to the end-user. Commercial Protein A affinity media made using
agarose or modified agarose include Protein A Sepharose Fast Flow®, r-
Protein A Sepharose Fast Flow®, Mabselect® and Mabselect Xtra®. US
Patent Publication No. 2006/0134805. Mabselect Xtra® is another version of
modified agarose where the pore size, particle size and ligand density have
been adjusted for the agarose support. GE Healthcare Catalog, 2007.

[007] Silica based solid supports do not suffer from many of the

shortcomings associated with agarose supports. One advantage of using solid

supports comprising silica (e.g. glass) or ceramic is that they are inherently
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[007] Silica based solid supports do not suffer from
many of the shortcom ngs associ ated with agarose
supports. One advantage of using solid supports
conprising silica (e.g. glass) or ceramic is that they
incangpreasiblee Thisyal®wanioo tipe desdumlimg ofihe metdiawpdiresizefeom the
decoupling of the nedia's pore size fromthe nedia's
metks b anecHinicdl ppegdriies. ThhmedRtls aicthemcahpiapities, e.g.
properties, e.g. conpressibility, largely determ ne

cpo?eé%ht@?“ @r@él?%&’é@mﬁé WE ARRARUMI 6rb§§ure—f-|3?/@ EghSifities.

| T ca based solid supports, essentially have pore

f r 0

Thmhéfgr%%ﬂlgﬁeb%é?sg psgll? sluggoﬁ% 5 eb |§®/ dﬁ%\v?% RIS tsQ&%ﬁHfﬂrggsure—
t he other. n a based Qr QUS _Si

oW PEU N3 YB MDD WRSIEDY e CpeRer N ks, s thout
comercial utility due to their high capacity and

affeglinathiecotpee stindy media bieaed oneparevs siicappantieylaply controlled
et.al., 2003, Journal of Chromatography, 989:139.

poR ghaise (EPY), hatesfdumidscommbraalpdiliy due & thfeirlltigb Aapadity and
700A, and particle size of 56umto 100um have been

suRgSIe Ior&slire MoWUehardb@fistics. eMcCale; J PstesiemoaBi 9burnalbt h
ACS National Meeting, New Orleans, LA ‘United States,

CHER PR o005 (RARsD O b I SR 2 fdeand
70{5 aa@%si@%@%ﬁo b B i R e 5”%%9@%5@4%? Sustin

roved capacity renains partl cul arI y given the
et p?ﬂ oEﬂ%%@rBﬁt'%p?géfﬁ §Cot Netiearl Meating. Nsvk pilesnsy A, United
nmet hods for protein therapeutics and other biol ogics.
Stateeg)laciy 23-a17| 2008 H@0pBh dotakinthss smeleraastiele size and pore
anti bodies is done through the fernentation of
sizesmathdhedtigleal dapacity bhitrteactpasityimgrbeeseat wasfincremental in
10, 000-20,000 liters. After clarification, these

rofUITE o feshrarRgg Bhp s e s mprov
caﬁgé H)Tr%mams particularly given the production capacity of large scale
preparative methods for protein therapeutics and other biologics.

[008] Currently, the production of monoclonal antibodies is done
through the fermentation of mammalian cells in bioreactors on the scale of
10,000-20,000 liters. After clarification, these volumes must be processed
through the first chromatography step, which is typically a Protein A column.
As fermentation processes and technology improve, the titer concentration in
the unprocessed product continually increases, resulting in titers > 1 g/L.
These higher titer fermentation batches can result in total product protein

amounts > 20 Kg. Due to the increase in total protein/ batch, there is increased

demand on the Protein A column binding capacity. Therefore, a need exists to
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As fermentation processes and technol ogy inprove, the
titer concentration in the unprocessed product
continually increases, resulting intiters > 1 g/L.
These higher titer fernmentation batches can result in
craate gshrgmategeaphyr matsrials thad have suffeerkgapaoity todbinde@nd purify
increase in total protein/ batch, there is increased
thebemarge amolhs dfrprbeiuct photaih uaribug et dirapaisi dfithe invention
Therefore, a need exists to 4 create chromatography
de8Bitdd Rér@ir Rdlet Y Re8lahddiRels &Apagi ty to bind and
purify these |arge anounts of product protein.
Various enbodi ments of the invention described herein
meet this need ap Y I RY OF THE
I NVENTI ON [ 009] Sta@ DETHIONVE he i nvention
pro S . . . .
P 0SS 2 Deri e @B e e GBI AREEP I iiErd R
dynam c_capaci t nd_hi.gher cked be rmeabil.jt
AR SRe e S b, s Vi e aus s ateR phniaer caacty’ £,
chromat ogr aphy nedi a, thus providing for inproved
dypamiesapadityy 3 higher Rarked Pad pgrepkitty craepred tedreyigysly
in cost and tinme and other benefits. [010] In certain
desoiimat affintty chitdneatogregityi roedigr twisdersviairgpfar dnprgyedrpprocess
suitable for performng affinity chromatography
threQgRputSWIieh an irh Igt@via@s foridamind3aMicagt an® bR shd ether
greater than 630A and | ess than 1000A and a nean
beﬁﬁﬁt‘é! cle size greater than 50m for exanple greater
than 55 umand less than 70m. The particle size nmay

owbv . 1 e 3R B MR Brgipee o hlle' shbhé

sugg,qt)lg3gégﬁ%ﬁwﬁg§r§£fiq?t§cghﬁa‘r§gip§r§p%} écgmgggipgé giﬁgg ba;m(lae
hagllﬁégj;)grlgpq!jgg g?e:ﬁt;; t%r;;t oA arTéI iels?ér?hg; 1tOBSArgsn6::Iné mTehaen particle
size greater than 50um, for example greater than 55 um and less than 70um .
The particle size may be measured by light scattering means described infra,
however, the skilled artisan will recognize that other methods of measuring
particle size may be used. The solid support may include particles having
distribution of sizes e.g. +/-13um of the mean. The solid support may further
comprise one or more affinity ligands.

[011] In other embodiments the invention provides an affinity
chromatography media, e.g., a solid support comprising silica, and having a
dynamic capacity (Qd) = 45 g/L (grams/liter) at 10% breakthrough and a

pressure drop of < 2 bar at a flow rate = 400 cm/hr for a packed bed height of

20cm in a column with a diameter = 3.2cm. The affinity chromatography media



conprise one or nore affinity ligands. [011] In other

enbodi nents the invention provides an affinity

chromat ography nmedia, e.g., a solid support conprising

silica, and having a dynam c capacity () ? 45 g/L
maydugher comeriye ane o ¥ndnesatkinity bgajidsand a pressure drop

of < 2 bar at a flowrate > 400 cmi hr for a packed

bed [Gvei] gt stf othé@emboﬁilrﬁem@lthﬁmwmrmbnq)rdwaﬁ@f@f a @ontrolled
3.2cm The affinity chromatography nmedia 5 may further

poF&JB)@I!a§§ b8RE cBMPRIMY &bbrdsik¥ dfi &g and borilaglan bArtidé kize of

ot her enbodi nents the invention provides for a
634 g d egfgnfey 4 BaABR SPGB bR Aol Farfif Frereor

I@%c“nlt Eand conprising Protein A or a functional
eof linked to the bead. [013] In still

ot her enbodlnents the invention provides for a

con{QGI &ustilbethensmprogiseniarthe imentiengroviges éd controlled

conprising a pore size of 700A and a mean particle
posduseglads partiohe, 8.9.hadezal combpesiigzepdiessize o6i7D0A apfd a mean

+/-13mand an affinity |ligand. The affinity |igand

paffRfe SRBWTI 55 LT WitelapAtide sizd dRETHUEBAlof WAMBaRT and an affinity
thereof linked to the particle. [014] In further

lig&TPOFhaC R rity! Ig;r%nbr}ﬁﬁ%fsbﬁﬁlrlgé?fb@ﬁ Alor BIM oRA variant -

I'solating a ecu roma mxture conpri si
t e M xture containing the target
thq{%PFlgﬂﬁegct\%tﬁ% pgﬁ'cflﬁfl nity chromatography matri x where
matri x conprises 1) a solid support conprising a

SI I {Q%]pmtqrtﬂeé eﬁﬁ%ﬂ%eﬁtsﬁ@PénV%ﬁtP@ [gP¥iges @ NRHIPI7@oA

and | ess than 1000A and a nean particle size greater
islating & Srgahaolassie frbsma Woxtues do@prisimgafd)ioentactingdaadnixture

havi ng specificity for the target nolecule linked to
cohfzining theltssgetpaolecurndith anadffititynchrohaatd gragetl matrix where the
matrix comprises 1) a solid support comprising a silica particle having a pore
size greater than 700A and less than 1000A and a mean particle size greater
than 55um and less than 70um and 2) an affinity ligand having specificity for
the target molecule linked to the solid support; and b) eluting the target
molecule from the affinity chromatography matrix.

[015] In yet other embodiments the invention provides a method of
isolating a target molecule from a mixture comprising: a) contacting the mixture
containing the target molecule with an affinity chromatography matrix, wherein
the affinity chromatography matrix is contained within a housing, such as a
column, and wherein the column packed with the affinity chromatography

matrix has a maximum flow rate of at least 400 cm/hr, and wherein the matrix

comprises 1) a silica particle and 2) an affinity ligand having specificity for the
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nol ecule fromthe affinity chromat ography matri x.
[015] In yet other enbodi nents the invention provides
a method of isolating a target nolecule froma
m xture conprising: a) contacting the m xture
targehmaiedutey whereiraihgetynaoiie capacity ofithamaifikifoi the target
chromat ography matri x, wherein the affinity
malésness agieaptys ghiten at 105 Gesdlahieghnahdioptiendiou i) BYting
such as a colum, and wherein the colum packed wth

thd RRgéf hbRIcLI FEHHARBILAH; omEBSdraghy ffatdx maxi mum f 1 ow

rate of at |least 400 cn’'hr, and wherein the matrix
co e : . .
R R P oS eirBBaRS s iné NG gfafis atvblim for
. erein the dynam ¢ capacity of the matrix for the
sofelirges Torsef mElLS ol Pixite Sampnnten &g afio
br eakt hrough; and optionally b) eluting the target
chrasnaiegraphyrioairhehererthaingtriy sostritsegraagPlig srrnaricomprising
[016] In yet other enbodinents the invention provides
1) a slicst parti€lerhavirgph pbrengiza draaige tharo62eA leadflessiiren 1000A
m xture conprising a) an affinity chromatography

and& ie¥n\Wakticle she drabfdrth&® BB S&sd Rs8ahall 78URPAMd 2) an
conprising 1) a silica particle having a pore size

aff%@??ilbﬁrwdth%% iffg fOeHR té@? gﬂ;ﬁ@@ﬁe |iﬁRgg ﬁo %éaé’olid

cle siz reater than ess t m and

2 n ffinity Li.gand ,having specificity for the .
sublodoandib)  Dolnpir BRI bty CdianiasbBlarkidngyic,

housing for containing the affinity chromat ogr aphy
Theeygism maphertignally incidde 8 reaala Jeterteluien oF Hisaidsosto

detect elution of the target nolecule fromthe
maé¢dulaifopn ther afifinity ghegohgtogeaphiyxmalrx17] I n further

enbodi nents the invention provides a systemfor

i so[GtA]nin further geibodiinentd teefinvent@nmnst/ides ecorgeigong

a) an affinity chromatography matrix wherein the
isoMtlrigh targeNMeNEHLRIH8RNY MIRLFé ¥oinBrisPBla) dre&kfinity
chromatography matrix wherein the affinity chromatography matrix is contained
within a housing, such as a column, wherein the column packed with the affinity
chromatography matrix has a maximum flow rate of at least 400 cm/hr, and
wherein the matrix comprises 1) a silica particle and 2) an affinity ligand having
specificity for the target molecule wherein the dynamic capacity of the matrix for
the target molecule is at least 45 g/liter. The system may optionally include a
means to detect elution of the target molecule from the affinity chromatography
matrix.

[018] In other embodiments the invention provides a kit comprising an

affinity chromatography matrix comprising a silica particle having a pore size

greater than 700A and less than 1000A and a mean particle size greater than
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wi thin a housing, such as a columm, wherein the col um

packed with the affinity chromatography matrix has a

maxi mum flow rate of at |east 400 cnihr, and wherein

the matrix conprises 1) a silica particle and 2) an
S5t amd tegsithgard@uheandgt lesgbené icontajndror t he t ar get

nol ecul e wherein the dynam c capacity of the matrix

f or [019)e In furthetr emdcetimbats thedtvdrisitprébidesld kietcomphsing an

system may optionally include a neans to detect

affﬂltytdhﬁ?&ngfogtré‘@n} AHGBL \Amféréﬁuth@ afﬁr r‘RW dhreniddrBbhY matrix is

chi omat ogr aphy matri x. I n otther enbodi nents the

Cohi%Y A ﬂXuQﬁ§ & és Q%Wrﬁr?'\ﬁfger%[h th%fédl%hz{c]acked with

T XCOlTpI' sing a Si

e ter than 700A and |es

th%%@fl?&ﬁadp BT AP ElT B e SESGPORT B fier 1 5 a0

| ess than 70m and at | east one contai ner. [019$ In_
cnyl, endrwharBbuingenatsixiapaprisesnt)iasiliga partigiesaad R) an affinity

conprising an affinity chromatography matrix, wherein
ligame hatihgrsipegificly tordhe gargehynoteduie whieseindoagnamd: capacity

wi thin a housing, such as a colum, wherein the colum
of fRCieeixvot the tdageta%le&uteyls@inm%gg/m@hhna@t ldast bas a

maxi mum fl ow rate of at |least 400 cmhr, and wherein
coﬁl%fn trlx conprises 1) a silica partlcle and 2) an

Init I i gand having specificity for the target
nol ecul e wherein the dynam c capacity of the matrix

| cast one  ERIEAHESCRIIIONQE TREDRANINGST, o1
capiaty PRGOS Laggufa%B%@'OEVéﬁqr&L%@?nf@"%%%g&v A AR

medi a ac or din certain enbadi nents of
beq ResmeaBHty for a aﬁinty media according to certain embodlments of the

oma\{v

invention.

DESCRIPTION OF THE EMBODIMENTS

[021] In some embodiments the invention provides for a
chromatography matrix having an improved dynamic capacity, higher flow rate
at lower residence times. In certain embodiments the invention provides for an
improved affinity chromatography matrix comprised of a silica particle having a
defined pore size and defined mean particle size. The improved matrix
provides for improved dynamic capacity e.g., greater than 30g/L, for a target
molecule, which may be isolated using the matrix, as well as improved
maximum flow rate, e.g. greater than 400 cm/hr when the matrix is packed in a
column, e.g. at a 20 cm bed height and a pressure of < 2 bar. In specific

embodiments the invention provides for an affinity chromatography matrix



DESCRI PTI ON OF THE EMBODI MENTS [021 ] In sone

enbodi nents the invention provides for a

chromat ography matri x having an i nproved dynam c

capacity, higher flowrate at |ower residence tines.
havimgcedyramicadpadityroh greatércthani@glli eh2 prioviegeesidencatime

i nproved affinity chromatography matrix conprised of a
withi 10% drearthictigh. Mariatinigy crilefategtaphy enatiiz eacoodiding to the

defined nmean particle size. The inproved matrix
invRinA¥h dipis foPbvitEP BAVRE rMEPER RpSANGS FdrpRiffing targeat er

than 30g/L, for a target nolecule, which nay Dbe

ed us X v

SNBSSt holdfo TR il Siend g BRGH Fagig may e

the matrix is packed in.a col e.g. ,at a 20 cm bed
PrssryAL VaiRH St atians inclding 4, 91t (of cReier ¢ ¢

enbodi nents the invention provides for an affinity
Defmitie@® ogr aphy matri x 8 having a dynamic capacity of

greater than 49g/L at 2 mnutes residence time wth

10923 akAaffindy blgandhas akéd metgin clefensedb @ymapaoulerstuchyas a

according to the invention, thus provides an inproved

pr&teipAFHidH Spedifdallp Windy/iod té\ggégmbléﬂm"@ﬁjﬂnaﬁn aSbduraswith
proteins, froma mxture, ere the target nolecule

ot i e BBt e AR RS I By Ry Bl o1
h [ f I h '
a5 JBBRS bf BB bRl A S By of Wit BBal e RTh G Foper
a mxture with rqr eater affinity conpared_non-target

whes? &g, 1asget oleseenEoL!d Pe. arEyhpi eglobelin gf FE pegipn of an

~ ligands may include Protein A, Protein G or _
immunoglobudin ov arrhalecsleotoraprisast of atihastea pordionanfge Fc region of
nmol ecul e coul d be an i munogl obulin or Fc region of an

aniimmureg)ictulini Otiesr examnbles wf suitalsip Eiffrdly liglandt n@asiclurle any
portion of an Fc region of
known enzyme, where the target molecule would be the enzyme’s substrate.
Alternatively, the substrate could serve as the affinity ligand where an enzyme
specific for the substrate is the target molecule. Still other examples of affinity
ligands include antibodies, e.g., monoclonal, polyclonal, where the target
molecule comprises an epitope which binds to the variable region of the
antibody.

[023] Functional Variant, as used herein refers to a protein having at
least one alteration in its native amino acid sequence, but which still maintains
at least one function associated with its native sequence. Native sequence
includes amino acid sequences naturally occurring in nature. Amino acid

alterations may include substitution of one or more amino acids for another,

deletion of one or more amino acids, and/or the addition of one or more amino
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an i mmunogl obul in. O her exanples of suitable affinity
i gands may include any known enzyne, where the
target nol ecul e woul d be the enzyne's substrate.
Alternatively, the substrate could serve as the
acigisfarrnyycdmiyaatiomtiereofad remcafivns ase atsof ¢antémplateée as are
substrate is the target nolecule. Still other exanples

combiradtionsidf addltiopandsletitned Bde sabstithbichemade.ig relation to the
nonocl onal , polyclonal, where the target nolecule

nafdTBEH &AM B dLBRE \\/‘éﬁeﬁ'ﬁ n@éﬁgﬁotlﬁclhw a‘fﬁ‘é\?rﬁ@ﬁte‘or a domain

regi on of the antibody. Functional Variant, as

of g%t‘?gteﬂfrﬁg EYy at‘?ﬁsoﬁe atqfuﬂcﬁér?él %'aﬂanﬁc\fdduﬂg r?ctludé S‘h@u e%@?n

erationin am no aci
still I nt ai s one func |on
préﬁé%&”&?'@%‘“w ng &t ﬁ%\%tu%e %'g‘%fﬁgr?é@”oﬁ&t \Pé’”bo@cﬁ%%ﬁ%gs
i ncl udes am no acid sequences naturally occurring in
nat¥g geeuente; adragment fla M'é@n@hfrﬁtﬁ}n Andplagele; or a fragment
substitution of one or nore am no acids for another,
of dduletangith BfoteimeA omolecule haavingoatdeastsoneaanhirer ad:idealtered
addi tion of one or nore anino 9 acids or any

coﬁn@@’%mtﬁ it@ﬁaﬁﬂ?é@c@lﬁenc@rpmv@bd QRS vafignthamt&ined %'H]Jéa%‘t efe
as are conbinations of additions, deleti ons and

furﬁf’ﬂlgﬁtdsrs%l'a%lfwﬂﬁ% hQ VEPRStERANALO gt )9 hfes t?ﬁesgec:lﬂcally bind

sequence unct ona varl ant

or -4 domai n
to phABhiat of dp AL Lol "nn%%téor@'ﬁa?mpfeé@aﬁ Refor
protein A nol ecul e havin at | east one altered am no
Va%\%ﬂté INGAP AraUN2ip, £13s A aetia serrain oF profgiveht aopyell
a full length Protein A m)I ecule or a fragnment of a
asfting £ damaintorrotedh 4, A vieobstof téelﬁdbmi@iraof Pesdsin Addescribed
amno acid altered conpared to its native sequence
in thieditecktaret (Neilksabhattal. (AOBT pPrdinadEndir@singot@): 10dncThen
associated with the native Protein A, e.g. the ability

arﬁlmﬁgﬁé‘%&ﬁ%bf B linctinan drianP ATy a0kadN70% identical, at
gl obulin. Additional exanples of functional

least 75% identical, at least 80% identical, at least 85% identical, at least 90%
identical, at least 95% identical, at least 98% identical to the native amino acid
sequence and still maintains at least one function associated with the native
sequence.

[024] Protein as used herein includes a polymer of amino acids and
does require a specific length. Thus the definition is intended to include
proteins, peptides and polypeptides as well as any post expression
modifications to the protein including for example glycosylation or pegylation.

[025] Silica as used herein includes silica and any substance which

may be derived from silica, including, but not limited to glass.
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variants include a domain, e.g. A B, C D and E

domain of protein A, as well as the Z domain or

protein Z, a variant of the B domain of Protein A

described in the literature ( Nl ksson et al. (1987)
Affmidy & hrommafogsaphy §ledia) : 107). The anino acid

sequence of the functional variant nay be at |east 70%

i defods]alaffirty ChreasdtodiEishly ddadincabicalit corapaseB8%olid support

identical, at |east 85%identical, at |east 90%

anb%?f‘éﬁlﬁg hg%éﬁd t&asiEd Bothd SRt éLFerort Meth63sbf 8§Jéllng aﬁl‘lrluty

identic o the 'native am no acid sequence and

o0l BEE b S b e Pa S8R08 S e o

Sequ I n'as us her
des no id d, does ire a
20lR2a; Frfegem ot and cofnnaebiined Aoy 9are Taeh ges
i ncl ude protelns ti des and po eptides as wel |
Acageanty PEsst Ueph alosk s, it 1655 SHLSR6 4 7E2 6061 i n
i ncludi ng for exanpl e glycosyl ati on or pegyl ation.
4,710PE23;%,25@ 6138, bsmepeharRatant Applicdésn &R it SH2:06Y AhyWO
substance which nmay be derived fromsilica,

2oomfdﬂ4dl7mg Thelffimief liddrd ﬁnafl beCcdilpds$ to 3 ol EupporyY by one or
Chr omat ogr aphy Medi a [026] Affinity Chromatography
ho

dVE%@aFe%P Br%léyTﬁQ'EB(/é ?bénﬁ%éﬁégﬁﬁw%‘b %&mg

|gand cou to t suppor t

quﬁ&wﬁ%al'*ﬁ%&f el ol AP SpdRefad it HHRGR o 3

90/ 09237; Her rmnson et al . 1992, I nmmobili zed Affinity
Chﬁmg%?r'l&mFé'Qﬂﬁi YeeRS onghg fofif suPPed s Nugleophpig eauplinggnethods
5,874, 165; 3,932,557; 4,772,635; 4,210, 723;
may, 50564 3ah eEamitqté@furmipeatgrAppl ifxam@es BPcherszl ffwrtional
A, WO 2004/074471., The affinity |igand may be

graupspinad incude Bpdiostylsgmopps t alineogreups, thiod igeowss/ abesdny|

bonds. The coval ent bond may be forned by reacting one
grélips and the like. Alternatively, a functional group on the surface of the solid
support may be activated. Suitable groups may include an NHS ester, epoxide
or aldehyde. The affinity ligand may be directly coupled to the solid support,
or alternatively an intervening linker molecule may be used to couple the affinity
ligand to the solid support. A linker may be useful for example to overcome
steric hindrance and thus facilitate binding of a target molecule to its affinity
ligand. Design of a suitable linker is well within the ordinary skill of the artisan
working in the field.

[027] The solid support may be comprised of any suitable material

known in the art. Thus the solid support may comprise any porous material.

As an example, the porous material may take the form of a membrane, a bead,

a gel, a cassette, a column, a chip, a slide, a plate or a monolith. Moreover the
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nore chem cal functional groups on the affinity |igand

wWith one or nore chem cal functional groups on the

solid support. Nucl eophilic coupling nmethods may be

used with a suitable functional group. Exanples of
pordusninatdrial eyt ¢asnpiiise gpadysie rayingrar! ingguley shargl The porous

groups, am ne groups, thiol groups, carbonyl groups
maaadaltrhay belemphiseersfatn arglapic ¢ ihomnniomaleqiarior #n t he

surface of the solid support may be activat ed.
coﬁ%'lﬁaﬁwneofgf e dﬁ@ﬁnbfg@ni@ﬁlo%uw@%ﬁ&w b@@é’ﬁﬁbﬂ@ed Bf one

dehyde. e afft |n|ty 1 gand may be dlrectly coupl ed

ﬁ% LD AR EfaRIRROL . byl ABhbY Sl DLEE BTG

ndto ort. A link be usef ul
anllst Bixcipg e w@s@ea&oiﬁ ROy Ml MRk Be SRETRTSRY of a
facilitate binding of a target nolecule to its
hyéfaphiict sempqLgEh @ hyoseplkePie CORPOUNEadN €leapidic ¢ampeynd, an
within the ordinary skill of the artisan working in
oleidphilici cainapoyr@lat amheorabinatios tipgreof. may be conpri sed of
any suitable material known in the art. Thus the

sol [ebgjuRPe&itaifmMISEIIREhsLthRNbliISLppD et @értlclelj\maﬁybe
exanpl e, the porous material may take the form of

co@?ﬁ?@éa%ﬁa @ﬁ?ﬂerl?lasu%ﬁlas &h Frfb?%?rﬁll:‘?nol Ga! @thab%elni)rlganlc

ate or a non reover t

m %’#L@é%m%‘?t@h'g?s Mkt Tras arr%"s‘é'O?ray #8BRBeree

of _an organlc or |norgan|c nol ecul es or conbi nati on
maieria)igelHie Pariculas Aass. GOH%SPMJP%@U&QP%;?OB%“' silica,
conpri sed of one or nore functional groups, e.g., an

wollgstooite) siieaggl, arslibertbnite f by semacmibrdiments waat the solid
bi nding affinity |ligands. The porous material may be
suppontis serdpigediof Aydnbplied porotiergiasspartialeh el paiticle may
conmpound, an ol eophobi ¢ conmpound, an ol eophilic
hat8 BB R g@BYeraRER70BAI aR flRIsEE&hbodiments the pore size may
be less than 1000A. In other embodiments the pore size may have a size
ranging from 630A to 1175A, 720A to 950A, 782A to 932A, 800A to 932A. In
certain embodiments the pore size may be 839A.

[029] In some embodiments the invention provides for an affinity
chromatography matrix comprised of a silica particle with an enhanced binding
capacity for a target molecule, (e.g. a dynamic binding capacity) compared to
previously described affinity chromatography media comprised of silica
particles. The dynamic binding capacity may be measured by monitoring the
protein loading to a packed bed of the matrix of interest. Initially, the protein is

completely adsorbed and there is no observable protein in the flow-through

fractions exiting the column. As the column becomes more saturated with

12



[028] In certain enbodinents the solid support (e.g. a

particle) may be conprised of a rigid material such

as an inorgani c nolecule. Suitable inorganic

nol ecul es may include siliceous material. Exanples of
prafeint @ihe prateini capagity ismtilizedhi fiastibodé theinitiat pretein

gl ass, controlled porous glass, colloidal silica,

comedntestiopniill stars td be abgetveand tive fibwrthtaughl flactiome. Eventually,
enbodi nents where the solid support is conprised of a

the EALARI \}vﬁi%a‘t’&’{aﬁé’§or%%$élyl%€i‘{otth@'_/;ﬁ@te‘iméorﬁ’@érft#a‘“tibﬁ ingYe flow-
have a pore size greatef than 700A. In further
thrgp‘aﬂwilﬁrgngﬁ%]. tF]Q ?niﬁglrpﬁ'oﬁ—:liﬁ %oﬂ@é(ntreﬁl%nl &'ﬁari@gﬁ{b &88% (a'II bf the
Ot Her efmMmodi nents t'he pore Size may have’a size
rangi ng from 630A to 11 75A, 720A.t 50 782A to
Proj3pcatists Ulisah Inisaccer oafdvans Jaloreline Sehanp Gsanuch
size may be 839A. [029] In sone enbodi nents the _
asineseible withpwridosinePretein imthgrftawrthrougla hkeretasg tag Bynamic
matrix conprised of a silica particle wth an enhanced
capacity aigowdayels iof prdtein corncantyatiomol theulay-thireugh fractions or
dynam ¢ bi ndi ng capacity) conpared to previously
“‘bréar@rolg (Aff0wiof he totanprbegh aphveritRsdion) peopaésad of
silica particles. The dynam c bi nding capacity may be
. . he . . ! _
ol oo Lt Fans WaiRl ZaPally AR rl R Bmparing
protein is onpl etel y. adsorbed and there is_no .
R msi SRR 4 D% PERARPYahR oTFEE A eparison of
exiting the colum. As the columm becones nore _
the; aaracaly atpellil i the epd sser i hex fe ORI YRR it BFcprling to
utilized) a fraction of the initial protein
theciswestion Hiusonayihalve st dyrantio bivediog sapaeity fon attaeget molecule
flowthrough fractions. Eventually, the colum wll
thatas at Riast 40 QL it dédast A50y/L hat Ipast SOJIL caneastt8Gy/L.om some
the flow through will equal the initial protein

enfRIRRBATsRhE Hyn8MHiCEAPACifNRaf Beg/Lald ofer ERbodihERRI tRe
capacity is utilized). I'n practice, one wants to | oad

dyﬁgﬁiccc%ﬁé{gﬂy%? tﬁgj&lﬁ‘romatography media may range from 40g/L to 60
g/L, 40g/Lto 50 g/L, 40 g/lto 49 g/L, 42 g/L to 49 g/L, 41 g/L to 47 g/L, 50-
60g/L. In specific embodiments the invention provides for an affinity
chromatography media having a dynamic capacity of 49-60 g/L at a 2 minute
residence time with a 10% breakthrough. In other embodiments the invention
provides an affinity chromatography media having a dynamic capacity of 40-
55¢/L at a 2 minute residence time with a 1% breakthrough.

[030] The silica particle may be of any suitable size, depending upon
the application. The particle may have a mean particle size greater than 55

Mm. The particle may have a mean particle size less than 100 um. In certain

embodiments the mean particle size may range from 55 um to 90 um, 60 um to
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as possible without losing protein in the
fl owthrough. Therefore the dynam c capacity at |ow
| evel s of protein concentration in the flowthrough
fractions or "breakthrough” (1-10% of the total
80pmot &0 pnciond@po; &bi (o fto prr quh d &z aspeciisrarsieodiatent he mean
nmeasurenent of the | oading capacity in use. Thus
partisizeng 63 dinh fEiepartiafd siné disthmitidncieay de 4 300um, 49%6um, +
br eakt hr ough provi des a conpari son of the capacity

204y#RT Hh 3t pn tiRe %lﬁ’ééﬁ]boanﬁerﬂhﬁénmé?ﬂlbﬁﬁ{b}é aBhfticke size

according to the invention thus may have a dynam c

%) y for a target nolecule that is at
d'ﬁweas f%ﬂn{at | east 45 g/L, at least 50g/L, at

A R LA R R T

capacity of the chromatography nedia may range f

prapoged thas itgs a specific4unging pastnso of A targsd niplecule oj,mtgveLst The
42 g/L to 49 g/L, 41 g/L to 47 g/L, 50- 60g/L. In

affgyitg dighnd neaxbod ianfalhiength eroteireort a magbionsi st of adull length
affinity chromatography nedia having a dynam c

pré&t@PacT ey afihitd Agafd edy 188 adndndtheridimer 86 hil@iaEr &f dTRull
with a 10% br eakt hrough. I'n other embodi ments the

P AR b S e
PraBi AaPRtiph Grioe RS re&@%&@?hﬁﬂ""%ﬁ&m"“gh R em%rmwe
upon the application. The parti

or GERWHJPELOE| PEegP St 8rS tiRANENOS. p"}n1 54rﬁ’é¥pépt8i40’i5e9 r?aQﬁO 373,

have a nean particle size less than 100 pm In certain
PCdnBouiicationdNe. NYCheall 9ga4t il | asheil embadinenia dee prajeindgand
pmto 90 pm 60 pmto 13 80 pm 60 pmto 70 pm 55 pm

mdyobé @n mmunogiotapiacefd. tg@niyhdlilgANigD, HEE ree anfunptivrial Gaeiant
size is 63 pm The particle size distribution may be

thetBopm 25 pm 20 pm 13 pm In a specific
enbodi nent the invention has a particle size

[032] The amount of affinity ligand coupled to the solid support may
depend on the application and the target molecule. Typically the affinity ligand
will be couple to the solid support at a density (gram of ligand per liter of solid
support that is greater than 1 g/L , 5 g/L, 10 g/L, 15 g/L, 20g/L. The ligand
density may range from 1 g/L to 20 g/L, 5g/L to 15 g/L, 10 g/L to 15/gL, 12g/L to
14 g/L.

[033] The affinity ligand may be a naturally occurring molecule or an
engineered molecule. In certain embodiments it may be desirable to
genetically alter naturally occurring affinity ligands to facilitate either binding to
a solid support or orientation of the protein ligand on the solid support or both.

Thus, depending on the associative group used, the skilled artisan may
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di stribution of 13 pm [031] Any affinity |igand may

be used in the practice of the invention provided

that it is a specific binding partner of a target

nol ecul e of interest. The affinity ligand may be a
engimeer chargel groope ion hgdrophbliegdrioops| onkath ainto ihie affifity |

l ength protein. The affinity |igand my be a nononer,
ligamdreThese Bhahdeemagfoeambidé lanylviegd Withirothei affimity ligand.

functional variant. Exanples of protein |igands nay

i nCItOfﬂg IrPé%b%bﬁc"émkE’dd?ﬁ]%thr% affinRy fi§ar®EIMREInH A3

ant a receptor hormone” ©or growth factor.

LN o L

reqor%ﬁlag%gtg& u,ES péét %%Cérloﬁgr&%tipggﬁ SPﬁrL‘),aSIFinjOHr Iy another
functional variant thereof. 03331 The amount of

emgodimenithe; aftnity lkaansl way de R .iolptainpd dom tgphylococcus
depend on the application and the target nol ecule.

aufigys. daldoyna Bmbatifments\thé iaffamty ligantiméecomppke one drineore
solid support at a density (gramof ligand per liter

doﬁfa|r$§3|é § ASBIPPOD! ot Bafondindbfaheativé Pasteih Aloka fandfidnal
o/L, 15 g/L, 20g/L. The Ii and density may range

va&éﬁﬂbéréﬂf lrﬁ Bt Eegrfﬂoéjér?géﬁethgf it} Ig};af ! ganglbetlﬂro%éﬁ% an
altﬁriaﬂt&%doﬁa t?ﬁ? 'ﬁ%‘?&o&r%&ﬁﬁsﬁa}erﬁg’ ggﬁ@g,\lroabl e

%enet caI I alter naturally occurring affini tP{
2095/&1 §§6§o'\4% GatioRs vhuch Heproyeiae RgriPEmance sapapility of the
upport or orientation of the protein |ligand on the

pr@teiri A ligappare also dentemplateds The @fentyi liggndrmaybe a monomer
associ ative group used, the skilled artisan my 14

of Prgteime’r orch &urgtiongln@izmt tHierbytioog habiimegodRseindA, or a
both, into the affinity

functional variant thereof e.g. comprised of two or more units.

[035] Target molecules may include any molecule which specifically
binds to the protein ligand of choice. Where the protein ligand is protein A or
protein G the target molecule may include an immunoglobulin of the 1gG
subclass or a molecule comprised of an Fc portion of an IgG. A specific
example of a target molecule may include a monoclonal antibody. Functional
variants and fragments of immunoglobulins are also contemplated as target
molecules provided that they retain their ability to bind to the affinity ligand of
choice. The target molecule may also be a fusion protein, e.g. a molecule

comprised of at least a portion of an Fc region of an immunoglobulin such as

Enbrel® (Amgen, Thousand Oaks, CA).
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i gand. These changes nmay be nmade anywhere within the

affinity ligand. [034] In a specific enbodi nent the

affinity ligand is Protein A, or a functional variant

thereof. The Protein A or a functional variant thereof
Methgdseof Rwifying aalarget pralecaled, e.g., in a prokaryotic

cell such as E. coli. In another enbodi nent the

af f [088]y I tgasird gmyodimeRtothel invénticrbpraivites 4 mesthod of

St aphyl ococcus aureus. In sonme enbodi nents the

puﬁfyf rﬁg”éttdrglet Sﬁ)@cd@ff’roﬁpﬁ'%kﬁ@e OT¥e Rieth®d fhaydimbise

or E domain, of a native Protein A or

Nty r eqf ment s
o AP SR L s PO S
do in of ProtelnA . _Pat ent Publlcatlon
Chrr%n”atosmﬁwdm@e@th AT HTe SOMRS bR ST SEh Il Fder
performance capability of the protein Aligand are
coaq:hggn@ SHeER Hat éh%t:arg%@oéﬁmle]pweneun@auwbm? tpéhey
nmononmer of Protein A, or a functional variant thereof
chamatograghymaatriof arfét optednallp elutmgatheftargst inoslatule dranathe
thereof e.g. conprised of two or nore units. [035]

matax ﬁ?taltﬁﬂh?@%leﬁtﬁ rane darelitisies, @y Uy«:é;gﬂwhg antelgtion buffer.

specificalTy binds to the protein I'igand of choice.

Th%ort Bl?ffé%ﬁ%? hayd W&aé%nﬁrﬁfa StiSHicH \dRfers P’Bﬁ{ fHe:})I-(I;fof the

hetar et nolecule ma eanlmTuno

m%tblﬁ ?gC% z?sugﬂpl'egcéoothegg%tg?(? {):ru |Jt ?@Cy \{reI 3 d t'gr cgﬁggretratlon of
nol ecul e may include a nonocl onal anti body. Euncti onal

Sakygﬁiogmgargﬁgo thegrgRasmbtuiensRrSH) e sue m%*”ér dhg|nagthod may
contenpl ated as target nolecul es provided that they

optienallyninclhdeongir mese wasthstapst of henwasl Stagistpay bgaretfasmed
choi ce. The target nolecule nay al so be a fusion

forpm@ingile after the arget molecale tapoursetd e rabtrixebat béfore the
portion of an Fc region of an imunogl obulin such as

tarGBPR@Iddule hASBEBER clited $mdl tHekatriCAldditnal wash steps may

optionally be performed after the elution of the target molecule, e.g., to clean
the matrix of residually bound material. The cleaning wash buffer may have an
acidic pH or alternatively a basic pH.

[037] The affinity chromatography matrix of the invention may be used
in any known method of purifying a target molecule from a mixture. Thus the
matrix may be used in a batch formulation wherein the matrix is added directly
to a mixture containing the target molecule. The matrix may also be packed
into a column such that the mixture containing the target molecule is passed
through the column containing the matrix.

[038] The method may provide for an increased maximum flow rate

(e.g. over a column comprising an affinity chromatography matrix), compared to
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Met hods of Purifying a Target Mol ecule [036] In

certain enbodi nents the invention provides a nethod of

purifying a target nolecule froma m xture. The mnethod

may conprise contacting a chromatography matrix, e.g.
othesriymoivseaftioty elroaidtogiapyy reéthontat Bgrapwln@t@eaaamcle stze

m xture conprising a target nol ecul e under conditions
anduled pbratizé hargetrrpelecor! sinding grceficr eatei raay poth belsmp@ved

the chromatography matrix and optionally eluting the

thdsaihgl%alegi S&tH'ﬁeIHra(Pﬂ‘ éfﬁ&en@@t I &er¥in %'rﬁk%dn‘ﬂ@n%ntﬁe%ventlon

more condi tions, by applying an el ution buff

praw?seg% e %v;éo‘?étmrwq}gxﬁpﬁo%. T iR

ef's romt POFET &R AP g4

the mafrix have a higher concentration
migiEre GG e OB AP 2P GTAHER CHMATIG Hb BPH SRS
to the matrix. The nethod rray optionally include one
e.Gr a golunmamtersineihe. mirhae oy treysn e caempaonirineg the
for exanple after the target nol ecul e has bound to the
meatha at a médumubefloweatehef attlaasietO0harhbt ubtdebstsSGkem/hr, at least
eluted fromthe matrix. Additional wash steps may

600 Rinh/Bn &t lléad e 0pednh/BF, @de@étt% érhgreatueb o0y cihtt. In some
target nolecule, e. g., to clean the matri x of

errfb%?j' rﬂé‘ﬁﬂs tﬁeh’ﬁéﬁaﬁ WFI e m%p‘?aﬁgt i v QO@‘@@ﬂhrbuﬁbEP cm/hr,

ave an aCI or altern asi C

4ob°37hf ety agé%g@ﬁf%@ P byl S

puri f iél ng a target nmplecule froma m xture. Thus the
CITRI: B0 Cﬁwrﬁgomar WOLBAY8P0cBYI ati on wherein the

matrix is added directly to a mxture containing the

t ar {#39]mihedlomeratainaynoe dietermieciby thehbeg aeigit of the affiaity

columm such that the m xture containing the target
chromatoygraphysmpdiss etbr dxanmig bedeeigratk umay cmgiedirornd-80em,

matrix. [038] The nethod may provide for an increased
withBdwWrefRs faP¥irg@Fém 100-700 cmihr. The matrices permeability may limit
the flowrate that can be used. For example, agarose media typically cannot be
used at flowrates > 500 cm/hr at 20cm bed height. Controlled pore glass media
may be run at 1000-2500 cm/hr at 20cm/bed height, and may be configured at
30 cm bed height and still yield flowrates > 500 cm/hr. In many cases the
flowrate limits the productivity of the media filled column, which can greatly
affect the economics and throughput of protein purification processes.

[040] Currently, one factor creating these flowrate limitations is the

equipment used for protein purification. Most systems operate at relatively low
pressures, < 3 bar, with an acceptable range typically less than 2 bar. Though

higher pressures might broaden the flowrate window for agarose and other

limited media, the incompressible controlled pore glass can better utilize
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(e.g. over a columm conprising an affinity

chromat ography matri x), conpared to 16 other known

affinity chromatography methods. By adjusting the

particle size and the pore size, target nolecule
indreagichigresadref, Mdwercangpreagibleomnkdigesuaipasagaroseogdy see only

i ncreasing both yield and efficiency. In certain
inceamediaitowsatehecicagentiuono rigidityilideationset hod of

isolating a target protein froma mxture wherein the

CHFbiidtbr 8ysferhfe affinity chromat ography matrix
contained i'n a housing, e.g., a columm, wherein the
m x t 0! - i1 t di a
ISP e B RO R Bl e st X B
7SR T e RS oncaRSahe) TS edgote oy
enbodi nents the maxi num flow rate may range from 400
cheamatograpfyonatrixHompraning erfilife pateler hihe setemimay also
900cm hr, 600 cm hr-900 cm hr, 700cnm hr-900 cn hr,
indidde: amohisingGlitablenfior c@t@irang line &Biddyichromaidgedphivhmatrix
flow rate may be determ ned by the bed height of the

indhﬁc_fih% oh¥ or therenadi@anaRDapRIbApadiahg WiATEPLIRroRtfdography
hei ghts may range from 10-30cm wth flowates

ma{%rgggirﬁrgﬁcfomﬂﬁéﬂ%'y@@c&r%ﬁﬁed EPgan&ﬁék%?né’(EFigﬁﬁéliu'di

t the ow ate that can be used. For exanple,

arose nedia typically.cannot be used at f|lo S
mSARHIE ol b1 BEok SRS oediy Bt 1 BoRLR ow
nedia may be run at 1000-2500 cm hr. at 20cm bed
of K18 phtturepuer tiag CHEorpiRerapivanatitx. Jgtabls BEPsdNgHEC and
still yield flowates > 500 cmhr. In many cases the
pefistalticaprumps, raulsed pemps audderi pasitiveodisplaeenmeat gpumpk] ddhe
columm, which can greatly affect the econom cs and
systeromaliypake tHe forot fi anhighrpréssurtiligoidetroasstegraphf 49 stem
Currently, one factor creating these flowate

(HPLE) L ABERAS piessLRliqed ehRIRBlogRSSI §)%Fterﬁr(MFﬁLiC‘f‘)l or a low

purification. Mdst systens operate at relatively | ow
pressure liquid chromatography system (LPLC). The system may include one

or more means to detect the contents of an eluant from the chromatography
media. The detector may be a light based detector which relies on multi-
wavelength detection or single wavelength detection. Suitable detectors
include a spectrophotometer capable of detecting visible wavelengths of light, a
UV absorption detector, a fluorescence detector. The detector may be a light
scattering detector which relies on a laser source or an electrochemical
detector which responds to substances that are either oxidizable or reducible
and the electrical output is an electron flow generated by a reaction that takes
place at the surface of the electrodes. The system may also include one or

more printers for providing chromatograms of the eluted material from the
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pressures, < 3 bar, with an acceptable range typically

| ess than 2 bar. Though higher pressures m ght

broaden the fl owate w ndow for agarose and ot her

limted nmedia, the inconpressible controlled pore
chrgireatogeanhybvedier The systemimay atsceaskidepmessiunere peisoeal

conpressi bl e nedia such as agarose may see only
comptiterse Mhal pdrbongilaiotnpuier aydse sllgabl@fdrirgteliding data, such as

limtations. Chromatography Systens [041 ] In sone

the2BDSSHoARES &r FID@re‘sBé!ﬁ&t bpéh BfL@lbh‘?@a%tlénSMo%!Brfa% the

i sol atlng a target nolecul e roma m xture. The system

(k8 ARt Bk e L CEBL AR BPBYICITRAC i
npri Si I'Ca par e sys em’ may a SO
nclueahou3| sui t blefor CO n|n the affinit
Coews?ﬂtoagqug Sl nan Aig® §eeliah "Te £5ek %@a¥
suitable for packing with a chromatography matr
alspree woed hauterate éhe Brasiess & p@rfoanmgsaffmlabcferomt@gra&hy
including netal or plastic. The system may incl ude
sucméhairsampies prerpepltea toabe lchtahatdgraphy wiatrix) ehermetttx es
over the chromatography matri x. Suitable punps include

waRREH St dheé oPHTORS suiab|s eslifflebsTRAd &sl{RHe BB idcules optlonally
di spl acenent punps. The system may take the form of

eld?ééi’ BifRIr 43S Hickrik (A)‘i’tH'éjs%{Hbﬁr oFuFPn%%QFFf\é Sh‘%%”‘steﬂfﬁﬁ?slso

di'um pressure natograp y sys
ressure

pr%%e" tr SRR chbffthes SHERERA RN, § ?V?%"er%b? 108

the contents of an eluant fromthe chromato
chiqserteorapiy medieds 6poensraled @‘t@rul@ﬁ*tw'ﬁﬁe%“té@ @@r,nng

which relies on multi- wavel ength detection or single
reagardl engt h detection. Suitable detectors include a

spect rophot onet er capabl e of detecting visible
Kitsavel engths of light, a UV absorption detector, a

fluorescence detector. The detector may be a |ight

[042] The invention also provides for a kit comprising a chromatography

solid support and at least one container. The chromatography solid support
may be an affinity chromatography solid support comprising a silica particle
having a defined pore size and a defined particle size. The silica particle may
include any of the particle attributes described infra. The kit may optionally
include one or more affinity ligands. The solid supports may be provided with
the affinity ligand coupled to the solid support, or alternatively the affinity ligand
may be provided separately from the solid support. The kit may optionally
include a housing to contain the solid supports such as one or more columns,
which may be packed with the solid support. The kit may also optionally

include one or more reagents. Where the solid support and the affinity ligand

are provided separately, the reagents may include reagents for coupling the
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scattering detector which relies on a | aser source or
an el ectrochem cal detector which responds to
substances that are either oxidizable or reducible
and the electrical output is an electron flow
affgéty diganddo bye solicksuppash Thecoupligsreageatmaytinelbde for
surface of the electrodes. The system may al so incl ude
examples reagere witich teaicts vath sphparogy Irfgnctioreiiat. oQtraropibnal
the eluted material fromthe 18 chromat ography nedi a.
reddthts NidyaREITBY \AsHOUETS Yolee@iSplar stiRiste RS @RI¥ng non-

conputers. The personal conputer may be suitable Tor

sp%ﬁﬁgélg/ %nqﬂtng ecﬁHaCsh leﬁqslphtolgﬁr e s ﬁté?gigg%e olg @ er a{r]g

uorescence O 5] I Ona

o ST T UL B darGet AR

an elution fraction. The conputer may al so be used to
chegmaiegraphyhaedieo g sa splusienavicnagn aﬁ'ﬂiChPHyThe kit may
chromat ography such that sanples are applied to the
optibmalyeaholgdamme arahoiexcoritiads. n@oninels may wadbael tasgehmotezules
or nore suitable buffers and the target nolecule is

su@rﬁ)bswmdrﬁofg|cﬂiuuhgdaﬁdlbr affinftP 8gamds, istichidshpratait i, phdtein G,
el ution buffer. The systemmay also provide for a

or ‘é‘?rUH&?cﬁ{ al GQr”éﬁtQ%f'eﬁtﬂePU‘rﬁgﬂ t%‘ﬂa;‘%ﬁ@&ﬁéﬁ? @élﬁge W RRYns.
romat media |'s regenerate use

TH t} atsu i.tab Qg reagent Kits I[5042
PIVRAS '8H3é”%yop1c?r"b T duddneg €4 WINgowsT PENg
chronmat ography solid support and at Ieast one

linkipg ATy, 'ga'ﬁﬁ‘é t%Fﬂ%ﬁ@t%&H%ﬁ/ Pasking cliypos t’V'thr%ff}n'Bé an
affinity chromatography solid support conprising a

chednatograpiytmedi@ canapriisigg silidafsiohe gupperts, dselstinga target
defined particle size. The silica particle nmay

mdlealle dsirgnaffinity thenmstogtaphy médiaidont@sinesitica Belid supports;
infra. The kit may optionally

cleaning the chromatography media after use; equilibrating the chromatography

gﬂhe following:

media before use.

Examples

Example 1: Silica Affinity Matrix with different pore sizes

[043] Controlled pore glass beads (50 mL each, mean particle size of
63 um) with pore sizes ranging from 500A to 1200A were functionalized with
Protein A according to the method for coupling Protein A to a solid support
described in WO 90/09237. A Protein A ligand density of 12-14 g/L was
attained. After ligand coupling, the samples were washed three cycles with
150 mL volume of each (in order): 0.1M Tris with 0.15M NaCl, pH 8 followed by

0.05M Acetic Acid. Afterwards, the samples were equilibrated and stored in
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i nclude one or nore affinity |ligands. The solid

supports may be provided wwth the affinity |igand

coupled to the solid support, or alternatively the

affinity ligand nmay be provided separately fromthe
PBSowl dzisleppgdvet sarmpleskarertegtedgoi dyrsdrig 19Grkihdictg capacity at 2

housing to contain the solid supports such as one or

minflod resldenmas timavhs desonityedid Bankpié S\below Maessropdrties for
support. The kit may also optionally include one or

thBfifit) FRAIAR 0P diffdhehtedrBRiAR! drd sHUMPARLT AN 1t he
affinity ligand are provided separately, the reagents
may i nclude reagents for coupling the 19 affinity
ligand to the solid support. The coupling reagent may
include for exanple a reagent which reacts with a
hydr oxyl functionality. Qther optional reagents may
i ncl ude wash buffers for exanple, suitable for
renmovi ng non- specifically bound nol ecul es, e.gqg.
phosphate buffered saline or water and elution
buffers suitable for eluting a target nol ecule from
the affinity chromatography nmedia , e.g. a solution
having an acidic pH The kit may optionally include
one or nore controls. Controls may include target
nmol ecul es such as i mmunogl obulins, and/or affinity
| i gands, such as protein A protein G or a
functional variant of either. The kit may optionally
i nclude instructions. The instructions may provide
gui dance concerni ng one or nore of the follow ng:
linking affinity ligands to the solid support; packing
colums with affinity chromatography nmedi a conprising
silica solid supports, isolating a target nolecule
using affinity chromatography nedia conprising silica
solid supports; cleaning the chronmatography nedia
after use; equilibrating the chromatography nedia
bef ore use. Exanpl es
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Exanple 1: Silica Affinity Matrix wth different pore

sizes [043] Controlled pore glass beads (50 nL each,

nmean particle size of 63 pn) with pore sizes ranging

from500A to 1200A were functionalized with Protein A

according to the nmethod for coupling Protein Ato a

solid support described in WO 90/09237. A Protein A
Tableg@rRropertidst of Sifica Affidty phatrivasth diffepsredre Aizeer

i gand coupling, the sanples were washed three cycles

W th 150 niL volfune of Q?&H%Hn order 0.1 MTris

0

V(;P& ﬁoﬂég/]ﬂa | PH 8 f .D5M Acetic Acid.

”””” ke Dalpl €SW

n

€ .I‘br ted and stored
azirde- e-s les—were{ested for

dyna & gG binding r‘aparm at 2 m fl ow resi dence
time /89 Aescribed in Examfi% 5 bel ow. | The properties
for 78BAaffinify matrix &0 different|pore sizes are
shows30rmA Tabl e 1. 21 Tabl &11. Propert|es of Silica
AffiggpyAmatrix|w th diffepent pore s{zes Q+ dl o%BT
CPG Bahes Si ze (g7 L) 489 A2 629 A0 700 A 54 782

WHOL 889 A 60 4:5.54 AS58—1034 A 45
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Example 2: Silica Affinity Matrix with different particle sizes and particle
size distributions

[044] Controlled pore glass beads (700 A pore size, 50 mL each) with
the described mean particle size (measured by light scattering) were
functionalized with Protein A according to the method for coupling Protein A to
a solid support described in WO 90/09237. A Protein A ligand density of 12-14
g/L was attained. After ligand coupling, the samples were washed three cycles
with 150 mL volume of each (in order): 0.1M Tris with 0.15M NaCl, pH 8
followed by 0.05M Acetic Acid. Afterwards, the samples were equilibrated and
stored in PBS w/ azide. The samples were tested for dynamic IgG binding
capacity at 2 min flow residence time as described in Example 5 below. The

properties for the affinity matrix of different pore sizes are shown in Table 2.
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1175 A 46 Exanple 2: Silica Affinity Matrix with
different particle sizes and particle size
di stributions [044] Controlled pore glass beads (700 A
pore size, 50 nL each) with the described nean
Tapher 2.i Riopegieseof(Sitieas Affeity ipatrix gtith diffetend pantiple wizee
functionalized with Protein A according to the nethod
distrasutiomgpl i ng Protein Ato a solid support described
in WO 90/09237. A Protein A ligand density of 12-14
g/ L was attained. After |i gand coupl i ng, the san‘pl es

neo tnr f 150 I urme of each
(| n c')ﬂ@e #ﬂ‘?’a‘?ﬁc eV\S%%SM foll owed

h\/ 0 05M Ar~ 1'| c Acid WL erwar r~|c the cigh{;)ac wer e

pmua ibrated and st nr@?i in PBS w/ azi d94 The samml es

wer @-2ested lf or dynami®51gG bindidg cap48ity at|2 nin

floW.Besidence tine asb4lescri bed iln Exanplle 5 be| ow.

The 2. gropertlies for theaffinity matrix 6p different

pore si zes gre shown | &1 Tabl e 2. 22 Tabl 532

PTOFQEé[IeS gf Sitica A55|n|ty mat i X VVIIB different

[Jd.ll.IbIU N1IA ] UIbI.IIUUl.IUIIb E)(d.ll[.JIU IVBd.II l"d.ll.lb e
Size Qdl 00Y%BT (m) (g/L) 2.1 67 49 2.2 65 49 2.3 64

Ex5a%nple'3Af gﬁiCSazAfflzriiPy lgllatr?)% prgpgrt?eSS V5VI9th 65um particle size and

particle size distribution and 840 A pore size

[045] Controlled pore glass beads (839 A pore size, 63 um mean
particle size, 50 mL volume) was functionalized with Protein A according to the
method for coupling Protein A to a solid support described in WO 90/09237. A
Protein A ligand density of 13 g/L was attained. After ligand coupling, the
samples were washed three cycles with 150 mL volume of each (in order):
0.1M Tris with 0.15M NaCl, pH 8 followed by 0.05M Acetic Acid. Afterwards,
the samples were equilibrated and stored in PBS w/ azide. The samples were
tested for dynamic IgG binding capacity as described in Example 5. The
properties for this affinity matrix is shown in Figure 1.

Example 4: Silica Affinity Matrix properties with 55um particle size and
particle size distribution and 700 A pore size

[046] Controlled pore glass beads (700 A pore size, 55 + 13 um mean
particle size, 50 mL volume) was functionalized with Protein A according to the
method for coupling Protein A to a solid support described in WO 90/09237. A
Protein A ligand density of 13 g/L was attained. After ligand coupling, the

samples were washed with 150 mL volume of each (in order): 0.1M Tris Buffer,
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Exanple 3: Silica Affinity Matrix properties with 65um
particle size and particle size distribution and 840 A
pore size [045] Controlled pore gl ass beads (839 A
pore size, 63 mnean particle size, 50 nL vol une) was
0. ralM tNa @ npiHi Sz €d0aIV tAceic diaid, P BS ad cnidi. ridnet gamples warehested
for coupling Protein Ato a solid support described in
for\fyri2ddio 93E binding Eapicityaddesgibed iddh&iniple & Thé @bpemias for
attained. After ligand coupling, the sanples were

thu&‘@?f rﬁ&ﬂuﬁ‘?s%ﬁé\bvﬁﬁm%d?ewo nL vol ume of each (in
Tris with 0.15M NaCdl, pH 8 foll owed by

sanpl es were
ExgnﬁﬁP,ﬂ!is e%tbgm hg I9ore €>§§ }:Iﬁgmde The sanpl es
e yna G bi ndj as
desEMHedner w%\@e? FGsenth eahTee %&m (066 cm
affinity matrix is shovvn in F| gure 1. Exanpl e
diamnetesa’ amras hgighaL quCbeasp‘éalwee@CvaiqprE@um Iﬁé} @n@t@ted
size and particle size distribution and 700 A pore
forsdynanji® H61dirp napadityesf godyatondl demndremtau(d@iobdimpdp6). The
size, 55 13 pmnean particle size, 50 nL vol une) was

cofuring werpeddirsrated WitRPB S boffér ﬁﬂ-g praigng the pgroein gzegm«;\/as
e

for coupling Protein Ato a so support described in

loa2d¥M:8 Zﬁéi?luﬁ‘m Yv[tﬁ %aﬁlé ﬁtﬁé?%c@%a?%nt]f%mgfa]te was

attal ne ter COUp I ng, es were

coiQRS e Loty o 1?% RiGarthro B8 Vs ol Rc%%mear&i‘m

PBS w azide. The sanples were tested for dynamc |1gG
diffgrei M§di@apaci ty as described in Exanpl e 5. The
properties for this affinity nedia is shown in Figure

Exampie £nidetepnimpodhei Meag PagticloySiasiand Rprticle\Sige47]
The Protein A nedia were packed into omifit col ums
Di¢®@ikiaftionmof the Affinity Matrix

[048] Controlled pore glass particle size distribution was determined
using a laser-diffraction Malvern Mastersizer S (633 nm) (Worcestershire, UK).
Rotator speed was set at 2500. CPG sample of interest was suspended in Milli-
Q water until it reached obscuration between 15-20% for optimum detection.
Mean pore diameter generated using the Mie theory is reported.

[049] 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
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di ameter, 7 cm bed height) (Bio Chem Val ve, Inc.,
Boontown, NJ) and tested for dynam c binding capacity
of pol ycl onal human i mmunogl obulin (1gG. The columms
were equilibrated with PBS buffer (pH 7.4) and the
eqpivatasits tq theggdopevridhe lclediie deacit oumiecalgparametdgn shautd be
sane buffer under equivalent flow rate conditions.
consteushpaight wf e AlVbbr ebdighificagtidigies abs eddiharycroupairg
the different nedia. Exanple 6: Determ ning the Mean
appddcheke Size and Particle Size Distribution of the
Aﬁflnlty Matrix [048] Controlled pore glass particle

e MR R R R é’fgb%%n?wn sy oo e
: | R .
withpel GERATRS ot e SPlE enfasobs R Hidee FRDRINE S Ingsaciled

~until it reached obscuration between 15-20% for

in st anuihe speeffic @mbodimgntsydescripedmarein ajermiieaedy yeaynef
the Me theory is reported. [049] Al nunbers

exempiteesslyramdogramat mesntdd bergmiedg enasy wagadt isantended that
conditions, and so forth used in the specification and

theesigédificalion dril Hampled Peséaratiarsd kel x@nmanf drig, with altlue
i nstances by the term "about." Accordlngly, unl ess

sy R spfit of e eI Bty [haERUTY LIRS
are approxi mati ons that may vary dependi ng upon the
desired properties sought to be obtained by the
present invention. At the very least, and not as an
attenpt to limt the application of the doctrine of 24
equi valents to the scope of the clains, each nunerica
paraneter should be construed in light of the nunber
of significant digits and ordinary roundi ng
appr oaches.
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10.

11.

WHAT IS CLAIMED IS:

A controlled porous glass bead comprising a pore size of about 839A; a mean particle
size of 63 um and an affinity ligand comprising Protein A or a functional variant
thereof linked to the bead.

A controlled porous glass bead comprising a pore size of about 700A; a mean
particle size of 55 pm £ 13um and an affinity ligand comprising Protein A or a
functional variant thereof linked to the bead.

A method of isolating a target molecule comprising: a) contacting a mixture
containing the target molecule with an affinity chromatography matrix where the
matrix comprises 1) a solid support comprising a silica particle having a pore size
greater than 630A and less than 1000A and a mean particle size greater than 55um
and less than 70um and 2) an affinity ligand having specificity for the target molecule
linked to the solid support; and optionally b) eluting the target molecule from the
affinity chromatography matrix.

The method of claim 3, wherein the affinity chromatography matrix is contained in a
housing and the contacting step comprises running the mixture containing the target
molecule over the affinity chromatography matrix at a maximum flow rate ranging
from 600 cm/hour to 900 cm/hour.

The method of claim 3, wherein the target molecule comprises at least a portion of an
immunoglobulin.

The method of claim 3, wherein the target molecule comprises a monoclonal antibody
or a polyclonal antibody.

The method of claim 3, wherein the target molecule comprises a fusion protein
comprising at least a portion of an Fc region of an immunoglobulin.

The method of claim 3, wherein the affinity ligand comprises Protein A or a
functional variant thereof.

The method of claim 3, wherein the affinity ligand is coupled to the silica particle at a
density of 10g/L or greater.

The method of claim 3, wherein the target molecule is eluted from the affinity
chromatography matrix with a buffer having an acidic pH.

The method of claim 3, wherein the affinity chromatography matrix has a dynamic

binding capacity for the target molecule of at least 45 g/liter.
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