GRAFTI NG METHOD TO | MPROVE CHROVATOGRAPHY NMEDI A PERFORMANCE DESCRI PTI ON OF
THE | NVENTI ON Field of the Invention [ 0011 The present invention
rel ates twoizopwmszd net hods for grafting pol yner extendecs/usitwe/oonventi on
also relates to inprovenents in the nethod of grafting polyner extenders

onto porous s i i j | i-n por ous
substrates haﬁgﬁﬂmaéﬁq&@t: g{)ﬁé ghﬁgﬁwggmléﬁﬁémcgel ectivity,
as well as kits and nmethods relating to maki ng and usi ng the sane.
Background of the Invention rﬂ) t| C proteins produced from
living organisns play an in {H | e in nodern heal thcare.
Thelsedprot ei n$.e[aromgé ﬁh&enlmnf y a;:lvant Sges ]9¥er tra;jr ti ogal dphar rracteuti c?l S,
VARl an § mune. o PeTlonEe R GBS [ BEBRATRNPGAT A8 | oE, 1 9 and
| QM[ to contrghy rﬁé?@xtﬁtdb@ ﬂ\?qrﬁeﬂrbﬁ@I?&r@lafe@fo@rﬁﬁr@ve;n@ﬁt?m%‘t@ﬁoggf gengt ic and
protein engi neering has all owed devel opnent of many esi gned" or
reconbi nant pottieg pPITIeEPXGRERTE PHa Porqussytsiratioysadia pioteisepApiopt based on a
coni ugat e. - one bbb sybsPRE el ip mploRidien BTy AATER ey "
anti bodi es ( \veglectivityagavel @ﬂhﬁ&la@ ogliepds feiaingeo BRkingRH uged thesesei n heal thcare and
di agnosti cs. Chromatographic separations are extensively utilized in the
manuf acturi ng of these biopharmaceuticals. As the industry natures,
i npl ement at i oBadkgronhetine fwedioced t echnol ogi es and net hods to enhance
Feparat ons WL T DI lbBlSEARE ol fuPhARNRELRRHR Al 1Y) 10 Provide
(t:) hro ]rnfatt ograp h_}ncmﬂglydspartamablet i0 rrtousrrl(tj hgaltlmatet Biesrisjprbtemst prokédearfidny ni t y,
loarfinity, I xchan . [ ever ro | i.nt eraction,
hydr ophilic i ﬁ?"gPtg%"%i%&%gg"éti°2§ Pﬁ%@?‘iﬁ’%t%s "33%’8'" e e&rﬁo(egrﬁc(r% i nations of the
af or enent i oneéfiicaay tegandt dase)aseatmgetg Menineatisn imhire sygierhs sakirange efipebtedrdsf | ci ency of
each of those ty a ocequres re S on the selectivity
of surface-suf gﬁalgés'g'ﬁﬂ%’f ﬁ)qr@&f’s té‘?ﬁ%’ mt‘ﬂagétfﬁﬁtt@at%oﬁséﬁre E"I?and t he
stationary p hgarﬁn@at?dtproegcdmgmmh@@rsandmd mﬁsé\empg@h baveny Qﬂé@}%h&’or nedi a), each
phase. chr omat BPEMIY! REpbeEPelise el Boapeulis e oo A 01 | aol e,
[4] Often thepiegin, émm@argmm&ﬁﬁm&m %ﬂﬁb’rﬁf?dgm@rﬂ oqfrot@rﬁ @dﬁt@éte forem i npurities
relies on the correct caonbi ion of stationary base matri x and

li gand proper §ub@§ss(qffh@§%4§pr§g¢5@ prqt?"{fa‘ﬁ%f‘oﬂléﬂ?s@rl"gpd'eﬁﬂ\f’%bsist“l‘stj@tndFe | i gand

di stribution, wietdge é’?'apﬂr@éf’@ﬁbﬁh ﬁéa‘Rﬁt‘)are A Fadiellics. EhRRBREraftic sePAratiohdN
properties (buffer ty conductivity The specific design of the

e and
base matri x aﬁGeP(tPWﬁguf'“é%QJth maﬂUf%PtlE'ﬁgemﬁ’ﬁQ) PRERIEC saAsif® ch can be
characteri ZedrnQNstr? ﬁréereal.mtﬂ@fren@atlsrrafhweﬁasvérrasd twthaag.égraﬁa ﬁrbtﬂod&'td“d' ng capacity
or throughput ectivit bed perneability and chem cal stability.
Purification ﬁ@@h@dﬁquﬁ@mw@@ﬂmﬁeﬁml& Voﬁtcﬁéﬁh&@btﬂh@ peavise these (bi nd and
elute), predo I ities (flowthrough) and
conbi nati ons g%m?ﬁeg%?ﬁbg%ﬁtgra%ﬁgwwggtcal | ed weak partitioning and
others). It is cri tODﬁaICqmmonthtb’omategrgmymethoclsesw to pwiwdteins insludeo control the
chr omat ogr aph o] i . ] and ensure
a robust separgfrrq& FRQdBFE}Cbﬁa%E&é% %IS? @é‘tpﬁ"b%p@%‘éw h?d?@ptﬂlhg [ 5]

Protei n separ mterrantm sizrextiesica@odmied mdmtecdcombrnatrovamfitteta}orelrhenpnmed)us substrates

pol yeacchar | oBRIESL R ofRsy s BdessBh arEBeel b BB ARAEYRSHl Ve yrene,

pol ymet hacr y| atiremaogtaphpprocedarys ranésde)heaeldctrmsro&mrface sarfach inkesactionk | ca, zirconia

and controlle ese terials, ads ern via "diffusive
por cs wini ch SE T EAT PR 00 e PSSO AR ED Chan T e
“convective p(u\ematogvbprryhreaia)eeécymiteraitrhg,/wnmlnmmbnﬁiqw pwd‘:te ommrahétpl bed
perneability ap are fornﬁ é &{erbead sgﬁges in ack, bed.

[6] Menbrane SIRPIORSAANASEFNIREIALRYTARIYSURPPR Male aé%?ﬁ’?mﬂ' Iy avapibleo

chromat ography, particularly flowthrough applications. Typical nenbrane
conpositions include synthetic polyners such as pol yvinylidenefl uori de,
pol yet hyl ene, pol yet hersul fone, nylon, and pol ysacchari des such as

cel | ul ose. [ 7] Monoliths have been devel oped from pol ystyrene,

pol ysacchari des and nmany other synthetic polyners. Menbrane and nonolith
chromat ography differs frombeads in that these materials adsorb proteins
in the sanme "convective pores” which control the nenbrane and nonolith
material's perneability. Typical nenbrane and nonolith convective pore
sizes range from about 0.6pmto about | Oom Ligand addition to these
substrates can be acconplrshed through a varrety of mell developed

M . T} v



coupled to a base matri x such as by grafting, and extend away fromthe base
matri x surface. Ligand extenders typically create greater binding capacity
because tWe 2extmssters i ncrease |igand avail ability wher ecrarsgen/oonhiecul e

bi ndi ng exceeds that of a nonol ayer adsorption on the surface. For exanple,

t he preparation of rf di fied porous silica materials.for use as
i on-exchangers is [Ogéjgh@%ﬁﬁhe %ggﬁuggssg?s'e,paraé&\ﬂgﬁqr ulcérﬁmdmpquegt ei ns on
Por ous and Norelié3onahescofredt yobinatidn@hstativhangphase) dastenatrx @hdligdydyeopdiieon

Exchangers”, (Journal. of Chromatograph ... 522, 1990, 77-93), the

di scl osure of Q'Wﬂ%&?ei igandgeasty, pPrﬁég‘t‘cﬁg‘?ﬁqa@%gB@b”ﬁ% @P@?Fi@mpos'm"% [009] Two
standard met hastrhebgeé giasé @sol@tiod bloperiesifeme, Prdnd @&Qiﬁﬁivit}'ﬁ\me §reific devel oped
for creating sur_fa? ext enders, on porous substrates such as those used in
chr ormat ogr aph§es%P° tﬁ? Base matrix apHioand resyitsin @ chrpraategraphy media WHiclk @D Ay of rnonomer s

froma suppor Eha‘v’dcfériz’éd%&'éév@@ﬂ(efaﬂbﬁ%@é indludihg pfoteinthdifg d&yaBiyer f ront') , and 2)
grafting a preforned 0 a support via an activatin roup
an

pol ymer > \ n JVe
("grafting pofhyayghrat selechivity, bed permeabiyjandphemicalstapilityeRuritisationdne pling
extenders to ' i i - r j i i se matrix
surface foll O&ﬁclgﬁrﬁo?@?{a ?glggggﬁ%ﬁ%ﬁgrg lh%%ﬁfr’r@’@égﬁ rlmgélt&g}; 'b(ﬂﬁg e
met al / oxi di zaimpyttieg Gawthaaush) andenmbiniations gidhecafererpentiensd(sosdle weak gr eat er t han
50% i ncrease |h j (aYell [ US Pat ent
No. 5. 453, 18675 o FOREISE 1 AaNEInE AR o oceRind les M B ol opea
i ncl udi ng gr athremajographamedisrroperties tanght alroiveiip erde to Bnaiieand ensure@Belwist f or
exanple, US P : ; g); grafting with highly branched
pol ymer s (See?ép?fépong%gwgfOﬁﬁf{xéQ%{?E@[%étSM t o Anersham Bi osci ence), and
grafting w th hydriopsiolfireteip séparations cérSmaaccdmpiished emapvasety ¥iPo@095/ 098415 to GE

Pl thoare, B SnSBRIRER pablis, il Tl e B S s OERESHRF 2 o0,
ref_erencei E‘:'YS?CCDWWPSO (E?nrogwﬁﬂmﬂse), Zygmgtfctpb?ﬁerbymlystwbmdpi cI po![_ynp{s t? a base
resin as taught i modi fies . .the protein selectivity of a
resin, conpar Bﬂy'?eg‘a\gl'yqﬁtﬁIagggot?}??rgﬁ@ﬂ%55‘51%?@'?'2?&?%&3S fBte fMese

modi fi cati onscantioliep pory gressi Thesdraiterialstadsdringrotoias da USVepoReTWhith@reei t her by

of “ar af ti ng. BOrheer B4 e ot gttt e B RS PBFEFBIHER pol yirer)
[012] Grafti ngpieauremrismnr WTEHBAteViBed!pBinfabiiy Snd\asd foréhell BFingkaddOl yeri zat i on
reactions is a well deveIoBed technology. In general, the reaction can be
initiated froPR25eSIb? BRPKEADSH T ace material, or froman initiator in sol ution.

[13] Initiating thgogadienibrantahd/mEolith Abiefdls dré 9158 dofthoRiyiidedd® can be _
acconplished by generating radicals at the surface via exposure to reactive

envi ronment s SliPRgEIPPY aRrilaglowrrouah apRlicaliaes. brpicaleembidBr bed i ni ti ati ng
speci es (See dMpoSioRSTLIRde syftRdtiy PElmeR SubR&sIRlyvinyiddnbRiofd! Riyahilene) 0NN

W ey-Sons Inc., New York, 1998). However, these "grafting rmonomers front
appr oaches r ebgiiethersyifopg; nem endnolysaschanfasisperasceliigpe. i ons and/ or speci al

equi pnent whi ch te hifihel i SRt akkrilidsT™® consum ng.
[ 14] Wen the reac ?ﬁn %bl{ttﬁih?ﬁatﬁgﬁ@%@gﬂ}%‘as'}g 35?!% yﬁ%éfoﬂgidqﬂaén?%s of a surface
reactive groupndreany pleersintiietie polymersoMembrangraafl mopgjthickromelogramwdifferso enabl e a
permanent lin ; SR lu : ur face of the
por ous nateri W%@%’?‘@Eftﬁﬁéﬁe@a&%? E’;@(Fa reé@@%%e gcr:og\g%tn%e %[:egpabl e of
further pol ynwhicheantrabthe wiembraneand mondithenaterial’s peaheabilitp Tygie) membranesi mi | ar t ype

of nononmer, s . . aCr ri f,er m crylate

pol ymer) . Home&\@gfr'o?'glgﬁe n?%ﬁ@@%r?%négstrﬁ@gq@ﬁg?@?ﬁ%@gb?agSUtr@gﬁ?ch;ﬁn%m ynerization
is limted, aadditierh foyesesubstratesearshe ascoriplished thtdugh a wrigte bfdyell deloped (AGE), are
preferably no} used, (See for exanple, "Principles of Polynerization",
George Odi an, eﬁ@ﬁﬁ"%’/\i’l ey-Sons Inc., New York, 1991), the disclosure of

whi ch i sI Ihelr e]lc)y i n[oou]p;:lmaugcbf figand ‘ﬁnﬁa‘e?ﬂ@&“.extenders" to irhpk&de phdteivebimling 1 t : s known
to use ally unctiopallties as a surface reactive oup, .For exanpl e,
allylic surfaﬁa@a?‘%ﬁ'ﬁ{]w}gy @?‘66“3@“@&%@38@@% %@amip%mﬁrgh?"ﬂﬁ ose fibers or
silica which can be used to form porous structures (so called "jelly
rolls") having pore sizes > 1 nmm and permtting efficient convective flow
(>200 MJm n). (See for exanple, US Patent Nos. 4,663,163 and 4, 724, 207,
each to Hou) The discl osure of each of2t hese US patents is hereby

i ncor porated by reference. [16] Alternatively, an acrylam de can be
pol ynmeri zed and attached to an agarose matrix (e.g., 15% wt agarose),
whereby protein diffusion into the matrix is effectively reduced such that

t he agarose matri x having the polynerized acrylam de attached thereto is
useful for HPLC applications. (HPLC applications use non-porous beads in
order to maxi m ze anal yte resolution), (See, for exanple, US Patent No.

= AN AN 2 - I




[ 18] When grafting thermally responsive polyners, residual nethacrylate
groups can be supplenented with additional vinyl or allylic groups in order
to i nprowsogneftis3tg yi el d of LCST contai ning pol yners (lpowars2emwioviieal

sol ution terrperature) (See for exanple, US Patent No. 5,929,214 to

Pet , the di er eb f )
rowever | 1 hos BB RS PR oy Beathy e S S B pst el g
convective posefacé. bijanurgxiendenstymsidally drdate giextdr bindisg cagadity begausetmevect i ve fl ow

wi th tenperature chanaeas and t I.n or?ler to achi eve

f1 ow reduct i ofiPHeERsiNcrEg RO ag?'@@ﬂb@?eé%ta@?w];ﬁﬁ'ﬁwgﬂg eFeednbataidt pe of
significant | amﬁdléyeﬁdudorﬂ@nsn thh‘ smﬁrféce Forekampid, therpkelpgrandnfaesuﬁ@dee@dméd this size.
As taught in US Patent 650 to Herten, (the disclosure of which
i s hereby i ncB?'B'bsr%{'P%'BatB@F'Srf%rfué‘? %31%3xchqnmf§'8§quahtﬂq Jﬁ@“f‘r@t%ocﬁ‘ VRight i al |y

fills or pl Ug%fﬁr&@m@&f%’?’ous'a@%n%i‘o‘ﬂé‘ﬁélgetﬁﬂ&em ﬁd%ntaa{ TyPB AR C
interaction chromatograph iHI C), and because a/mers denonstrate a
i

strong tenper 5%‘@?'@99&@}6@%@'@ ehrerpategranhly. Me)- BEHR99. 8F- 93tth% gclasyephl | practi cal
appl i cation i QhiRk AktebyGRtoRERIA S RRMAcd.S |1 m ted. [19] In order to

create surface nodifications by mnimzing extender chain |ength,

strategi es have be@ﬁelenworﬁe@darmﬂawo@gles@wrawow@araxteo@r@mps and

monormer s whi CB?Jn%@@IJSXd HP&%I%)SUQ% th@ateh ol‘ﬁ pPl%@é gﬁb&(aé?ﬂcﬁas th; | s combi nati on
of allylic surface reactive I mers i s advantageous in
order to m ni uéeddn ehxamatedeaphydbraratein separation and the like: '{)g@]tmg bfenoaoidérs i on  of

pol ynmer exten r i ed protein

bi ndi ng capaC|ﬂ §S§1D§°'gg£s9%5& Eél {iérarﬁrﬂ; rﬁaﬁrﬁérgmérﬁ"yrag(g? Fgm’n?éctl vity.
However, as ppmtoened pelypertas sltppstt\tmmmamgrgmudégmmg puymerstto ‘becones nore

b ty‘m‘;?' st uct ur es o c BPeFaBTS o br pufifee e e ki B blifar op i mpr oved

pr o'él ei n bindi prmpMsﬁmmMamdatrﬂmuﬁmﬁdnom@ isitidtiorvoftmonariierpor ous subst rat es
ed in protei OF THE

lrJZsponselot 0 tﬁ‘gy"é\%'g 'an W@Bﬂﬁalgﬂq'zaﬂweﬁwgﬁ?dﬁﬂ%@."?aﬁ’f r§§u'te$'§@fg[ﬁa{ef or pr ot ein

separ ations, h\ansmmcrﬁwem/tﬁ@lprmémtbmum cpaaity (@emmptewsmaiem Hei N

selectivity, ens a sociated w t r.af mer extenders
ont o' por ous s 0sH FRTiRd e AT eE s e Ree dEveloRP IR T or gt a1 g
pol ymer exteng@ftuﬁgt@ratb@senﬁmmsarf&@mﬁdeatra@(mvmreiamﬁwwmteamoes has been
devel oped. i n accordance with the present invention, a

new grafting Réthed t‘%%ﬁ’ c%%mgl"f'\tbh'ﬁw brarcredRolyBREdres. BHemper¥ds substrat es

havi ng di f f ushym/opss4e % Ah@e’ishbﬂ%ibséﬂ@%@' é?\la@féﬂmg ﬁMyaﬂombicraolprh@s @dbstrate
havi ng i nproved protein bindi ngtqﬁé)amt an bi ndi ng sel ectivity,

wi t hout pl uggforexagples WP 20GpP984 Fepithcage %Qjﬁ@%"c@? Thpdistespe®s substrat e.
[23] The presgg of fiya S gafntd bRYpuRRed itbrbtRAS batbril aptiiédtionsds Herpy et hod for
grafting polynmer extenders onto porous substrates having dlflyuswe por es
and surface rBgUparated kyrieferenseat ed groups coupled to the surface of the
substrates, incl ud[ g r'%%’&ﬂ*gﬁ réfﬁ@lhggoéhgbléMJ’&%qo58%%%5‘{%3 ps t hat

readily undergo degradatl ve ing to

anot her enbodinip 05/098A S, podifiss ithe prateireselectiyity of @ résinsesthpared tosireple i n part, on a
new nmet hod fo I . Vi ng

di ffusive por é%rﬂg%ﬁdohhﬂgaﬁh‘g %Igﬁéftﬂgelé%ﬁg@@g@zg gﬂ)g@%%? ﬂgset?&'é b%r esulting in
t he beads havmatyx surfacemsithet bp foreftg mohanmeds frop” ﬁapam‘aicéﬁnit‘ati@aﬂmlcaled resin

o bosed i pelimeyizqtioh 3P prehing iSiimet e SRRt of RBARESS D | TN ON

pol ymeri c chr polptedgr aphy beads, porous agarose chronmat ography beads and

porous ceram c chr t ogr aphy bheads. 6]. According .ta another
Brbodt et t he- pr O3 PGSBS Fam poraus et nd SRR SulrEtef " o1 07 i ng
pol yner ext enchactdnoinh aelpdevelord fedhriogairegendralythe @actioh tande Vritiafed fréd havi ng a
pore size greater than abouﬂﬁ% %100A nd | ess than about (<) about Ip.
[27] Accordi n§PPB"%H Cf Bated H'ﬁé&?maWH%“gfgkent invention is based, at

| east in part, on a new nethod for grafting pol yner extenders onto porous
substrates having di ffusive pores and surface reactive functionalities,
conprising the foll ow ng steps: a) providing a porous

chr omat ogr aphy bead having diffusive pdres and surface reactive
functionalities coupled thereto;




b) providing a solution conprising grafting nonomers or a m xture of
grafting nononers, and a sol uble radical polynerization initiator;

c) cont acwongizdtes7rehr omat ogr aphy bead with the sol uti onPCT/US2010/002119 d)
initiating free radical poI yrreri zation between the surface reactive
functionalities ont the graftin nomers or m xture of
grafting nonomers 583]7 tH@Fﬁ?HQ&%EfﬂE?? iPE’;'ﬂ“%Fa"Pﬂ&ﬁ& ‘g@f:eiﬁgl merl zation
initiator in ta&temﬁ@hedtwgénetaﬁng‘r@dmalmthwmace:hmxpow@temdaws COUpI ed to the
bead; e) washin to renopve aé]%nexcess'ee%nre ted fting

nmononers, m x?rﬂ’l" eBﬁs s@‘?‘éﬁﬁdﬁ&o"n’ﬂﬁt@w@ and adspsbed nita chai ns,

resulting in fbré)@fr@féS‘PélylﬁéﬂSDﬁdc@s =Y G@rbasspﬂdlhﬁivll@y-éd)d@(mcne\ﬁ&&ﬂCI ty greater
than 100 g/L; and ) coupling ligands to the poI ynmer chai ns

attached to t M58k HpwaeER w@ffeawﬁ@mq@e%mgﬁﬁﬁrpraca@pmaches require ¥y comtilisH dii ng to an
addi ti onal e”@éﬁﬂlbﬁ‘&iﬂaltlonfsEﬁi/d?%@é’c%r@quipﬂé{rﬂ%lbrpﬂﬂaﬂe§th@@%@meﬁétloheaSt in part, on
a new nmethod for grafting polynmer extenders onto porous substrates having
di f f usi ve por EHNPHFREIANAIMH@NHIMHT | ng nonomers or mixture of grafting
mononer s i ncl ude ”{é%ﬂa%wn%&éactu&ﬂf ?ﬁhué}é@r?om s%gma/r{ hof%%ﬁﬁ(écéc aci d,
2-acryl am do-2- nethyl - 1-propanesul fonic aci met hacryl oyl am no)
propyl ] tri mefeagtivegradmip tesefacepriodte, graétmaemm@sﬁndtgegq ermeang®i d, itaconic

d t hyl j I I d
201 8 O L edbHondsh 8PPy b M S B D] 211
acryl ani de, aﬂixbloaltyn’be Mftacamactwdmcmqﬁcapable of furthe[r Rgymetication dithrtte t 0 anot her
e e e b ¥ S0 e e B e huch 888 ahchef Bl O7 2 NV

met hod for grarting po agh orous” su wherein
| i gands, couphmdoeralfdnamg)aeratepolme)i hm\nex&r,eiuelmrcbgnadmwmmyamMQ cation

o oupe. i oAy SHBRPRR B s e e O BenGe "or oups.

car boxylic ac(Ad;Eg;rammaeraM)em{uﬂm Bee ferexiraplg ePrigeipess Poljheizatiog’t hyl am no

groups, c.in r o groups, butyl
gr oups, and p 94)8‘67%{9%5%% nst "Fl'h Qoré 1%1&3'1 ‘Hé@’f%?{’}wﬂc Brotein G and
Protein L, ander@byrﬁ%bﬂpa’elewﬂyrtefe&ha;)f [30] In certain ot her

enbodi nents the present i nvention i iB‘i‘ on a new

based, at | east
met hod for graftin@ Yol Yererdis '@HH%P§S%?S]W'3“'}SWB'W§S °5f%’§t“’ewher ein the

l'i nker coupl i ?@uﬁ Rér exathfi 615 Iid sRifisdeiracetive drRGpHS c@naé el Qﬁmdd@y del@ospOr OUS
substrate surface includes nmethacryl ate, am yl am des, epoxi des,

ami nes, but anBRersar sifragict Fane ”é‘idﬁ% m %%?L@m’%‘%?ﬂf%ﬂ‘ia#d “iBirolisy hyI enedi ol
di gl yci dyl et Rffng paietsuéwinoandgérewr@eﬁkybnteém,rtwe Rl yﬂoomn}n%qe&et ate, ally'

chloride, all I(chlo di et h | ane, i dyl _ether, allyl brom de,
al l'y' net hacr {pr exagple Pa&i‘l‘rﬂ?sn%@%ﬁ§ a'ﬁ%@é@fﬂ each fo H°“ ﬂ'@lq'sclﬂé‘&%iafdl ng to an

addi ti onal e”@&ﬁbﬂﬁ&%ustp%ntﬁ’rs%l%w|néoFB6F‘a'iUd'b9beér§mQased at least in part, on
a new method for grafting pol ymer’ extenders onto porous substrates having

di ffusi ve pores an@&urAtamativeipe eeviamideeantba pelyrestized and eftasheditp 87 es, wherein
t he unsat ur at 14, [32] In still
ot her enbodi m% trd;sb'ﬁﬁfnk eggztﬁ veﬁ) %éﬁ%k?@&e?{ﬁﬂ%n mtotheeangattnxllsn part, a new
met hod for gr affecfvn@rqﬂmeyrmhﬂ@kmeﬁmss matiix bavingithepolymerired acatlamideusi ng a

radi cal poly A pot assi um
per suI fate, ggt(f) @?%?ég?/%g%e&/dé%ﬁ?%d éz;b@ cg&yn%]?gac @kh‘t&h%@s{g@% B&&E

2, 2' - azobi s( 2beads iiorder to praximize anahjecresobtionh Sebefonexdmple s Patent s t her eof .

5,135,650 to Hjerten), the disclosure of which is hereby incorporated by reference.

[017] However, neither Hou nor Hjerten teach or suggest polymerizing an
acrylamide or monomer coupled to the surface of a porous chromatography support
having diffusive pores, wherein the porous support maintains its desired protein

adsorption characteristics.



[ 33] Anot her object of the present invention is to provide kits and net hods
relating to nmaking and using the new nethod for grafting pol yner extenders
ont o por owe 2812a637at es havi ng di ffusive pore, used in plrorTdaiSeoisepAIat i ons,
resulting in inproved protein binding capacity and desired resin
selectivity. ional features and adya es of the
invention will be 98 fWL?"W"?CngtﬂWH"QHHeé‘?(’I“%W R@ers; rfﬁ"%@ﬁ"@%ﬂw@] €ai ms, which
fol l ows. Many greash dah B@sUpgérﬁemdwtuadrdmﬁarqﬁ»ﬁo@ﬂlyh&bﬂo&psumemd Mprogen be made

wi t hout departing fromits spirit an arent to those

skilled in th@faﬁgﬁ yield pTLCST £op QLPHU@?@?’%C’tt'l:?é§°“it'ﬁ'etef"8‘?ré‘§§ fR§egener al

description afgefdiflel 0 PRt N6, mQQHJtSF‘et@@P%U'@élésQ@ of\Mﬁléh iChetetys, as well as
the appended draw ngs are exenp Xpl anat ory )é and are intended

to provide an'r\gsrmr@terhwf@fﬁreme k}@zrerverdaeseme&namﬁrvgre@pcomﬁe gt ¥ent teachi ngs.
The specific @’Hg@ﬂhﬂﬁgkﬁvécﬁ%bs*@ﬁ%ﬁg@vh@r@ﬁ triefgb s was gEﬁhlgV@Mvéaﬁveexa”p' e only
and are not neant to be limtin DESCRI"PTION OF THE EMBODI MENTS
[ 35] For the mvaﬁ\slersperﬂturechaggegpe@thegr@ |L65Ta¢iﬂn%%)b‘eqfdﬁet¢3@mi%tdens unl ess
otherw se i ndggalgelo Mmc Hfét%?&z% p%%%?ﬁﬁe?féd%@c Hubtte BFsi gﬁ.ircénft‘@ﬁ fli ents,

per cent ages or pr opor I ons mat'eri a rea Pon conditl ons nd ot her
nuneri cal val aedbdensigtb filli ot *hlag"heepores iotthis bizan Aatadght indiSrRafentlee t o be under st ood
as bei ng nodi 36]

Accordi ngly, t‘” éggség’??ﬁgl( a@‘% E\g&;f%é?%mgﬂ%g Péarryrﬂo?ﬂgr%& referen ﬂé{ér aneters set
forth in the b-ftrhg)meth@ essmrtra"ﬂltsatplugs treerpdreatliCAT helymears aemdéare appr oxi mati ons

h d di. h b b d
by 1 ho pr oaen ARG e iRy . & B8t RS 3R, L0 ompt 1o [im o

the applicati dém@fstratmaBst@cg:teméreturefdemuunrzad;mtdmgbehatnbrethsrcmramuof t he cl ai ns,
each nuneri cal@g I ne % & cgnstrued in light of the
number of repBPFEH agpigaiop |"@8WPS‘E§‘i’°g57?aE°§raBst €4l yvi ng ordinary rounding

t echni ques. [0191[ 3 brdblab westh siratethauicitions bytniiemiigesténaer chaimnges and
paranmeters setti he invention

forth the broad scope of
appr oxi mati on "QF%E Y&F"%ﬁﬂéiwg usg 8 FP'F?Ft'Yerﬂio@BéQqafr c exanples are

reported as PhRAdnTH Mr@&eéamué}b@degéﬂétrvé\mﬂﬂaﬁ@ér 'l‘h%'cUrﬂbrnéﬁ@rY\ﬁ\émrc i nherently
contains certain errors necessarily resulti ng{ fromthe standard devi ati on
R

found in thei puriaeasisactivg qreups axd alivig "}?é%@ﬁﬁ'éﬂ%’ﬁ 49eoyiyp @@erde Minglize r anges t aught
herein are toeja&dg,rhqgiﬁ%@ﬁ)d to enconpass all subranges subsuned therein.
For exanple, a range of to 10" includes any and all subranges between
(and incl uding) th©2e) nTWW'QP&IOU@IYUFF%teaﬁﬁﬂS tpmeromater@hﬁu%gewowe 10, that

i's, any and al) r@H@ﬁr@t@H%ﬁdrh@t}’dpE@hénJHeQre &bﬁfr@i'cHﬁﬁ%m?é&H%ble(thyorS great er

than 1 and a mexinum val ue less t .5 to 10.
[38] Before déigw;ewebasnrgotﬁlnéeq@w@%rbeconﬁmrﬂdemﬁndm it bpcemesrmagegrifiéal o a nunber of
terms will be sscope of the

i nvention but d%ﬁ{bﬂ%@tﬁ%@ﬁlﬁ%&;a&gl rﬁitgcg’t"gé;r?ﬁeéjég%}cﬁrb%llp&%n owcpﬁee i nvention.
[39] As used WAegogdingly, it waulddie degirable tofdevetnp imprgved praternblnaingicapam'and ncl ude pl ural
referents unl : [ 40]
"Degradative ﬁﬁg'rfyk&?] rsgfr%&s}é/@)r% p@é‘%ﬁsﬁ’ﬂ’ﬁeﬁé Es%ﬁq?otaﬁ’rf)%ﬁ&éﬂol ng radical is very
reactive, but the chain transfer product with the nononer |s not reactive
(fornms stable radical). (See, §!”\ﬁr!5£§; Plrrﬁ !&E!i@l!ymeri zation", George (dian,
John Wl ey-Sons Inc., New Yor osure of whi ch i s hereby

i ncor porated by refoet]enlomspdfbetathel%on rieedsig hew poresisubistrates) ugafrﬂzﬁ)tl y reduced

pol ymeri zati on rates ul ar. we s_is. advant ageous in
P T me” ahen Prolsil sEoaraibth B ines e ERoRing ety an Bdsden bR £ 3°C 2oe.
for exanple, o pRbdlemsassdiisted v?th@ﬂa&m@ﬁﬁyrﬂandxtc?nd%entdsarouse;awtraes) | hre) However,
When nore rea tl ve noners are rfac reactl ve ?roup becorres

the chain ter Wti&ﬂveef}?@ﬁrﬁr"el"’d’re 0 ﬂﬁ&ﬁa '%%P nggrs MR es in a
"grafting pol ¥iltatéshavedifisRedlesas becnldeveRpéd/mer is formed in situ. These in
situ generated extenders provide inproved binding capacity and nodified
selectivity. The nmethod i s advant ageous because it can be used with a w de
range on nononers, such as acrylates, acrylam des, nethacrylates, and a
wi de range of substrates or base matrices (such as polyneric beads, agarose
beads and ceram c beads). [41] Ot her "porous substrates” or "base
matri ces" that can be used herein inclfde, but are not linmted to, any
material with diffusive pores and allylic surface reactive groups.
Preferred materials for porous substrates or base matrices that can be used
herein include pol ysaccharides, synthetic polyner, agarose, cellul ose,
pol ynmet hacryl at es, pol yacryl ates, pol yacryl am des, pol ystyrene which
contain allyl methacrylate or the |like, and hybrids or conbinations of the
aforenentroned Most preferred naterrals |nclude agar ose nDdrfred mnth

Y . L, I e .



[42] Exanples of "functional groups" that can be used herein include, but
are not limted to, ion exchange groups, bioaffinity groups, hydrophobic
groups, twoaptwdiszrei nt eracti on groups, chel ate or chel aPCcmgsgei0Opa19 gr oups
having so called pi-pi interactions with target compounds, hydrogen bondi ng

groups, and hydrophjlic es_of t hat can
be used herein incmfz]le,ﬂgj Qﬁjgi%rd%ewm tﬂ'é Prg‘lbe E?é)%ﬁﬂ%h neeygﬁagwag%@?%up

hydr ophobi c i ifdresuplirtgipolymerertafders dnjochopésubstaates hawingaiifiusicepoges baiseen t hi ophi lic
i nteractions I ou fi.ni.ty groups ioaffinity
groups, and m ;\@E)B%@gqﬁjpm}ggs%gt@%aﬁag 5rr§wge<ﬁqmt?'?,@ntﬁqg%ﬁgw&ﬁqd@hed) Sone
preferred i 9®mdiﬁ$]§élb'@ﬁwt¢Mhdn6pImm§ohﬁhh@thé diffiisble pores ofbhetpowuesum@ttatd imted to,
strong cation exc e such as @ﬁ@?ﬁ?r?‘)% sul on c acid; strong
ani on exchange gr olpﬁg‘ gl?cpfpgﬁ’g'“t’?']"%ﬁrﬂ\ﬂﬂs BreedRAneHimetod Reak cati on
exchange gr oupfafting y&)tmeaéxt&waérb@w bér@us%@bs‘ﬂatey\miﬁg aiflisRe p@ré§5}ﬂ%9|%c6r oups, such
as N, N di ethyl'am no or DEAE; hobi ¢ i nteraction groups, such as

phenyl, butyi reaﬁtfvgigg,qaturq@)g{gups %PHEie ‘Ptﬂ'leﬁl’tf%’;e@frtt‘ﬁﬁh'gsua%d'l*?'“é@g mdistlei n A,
Protein G a”@raﬁ’hé’fo%ht’?acbmacﬂve %roups[tﬁjatl]eaﬁw@tmtg%%eg?ﬁdatn?e%ﬂblﬁ@Jmsfépl ymeri zation
initiators" tRat can be used herein I nclude are not limted to,
amoni um per sul f at 824pohegerding it apetherigmpegiraent, étmtﬂser(tmyer@wﬁbaﬁad @ ic acid,

I 2
a;ngglclrjl[)egz)pa%é% @rrtg&mq”e\nﬂ%/f’thog*?]b‘é@rltaﬁﬁd‘ml@‘rgyeﬁendés3nt?;?o?ng fo reaction can be

initiated w t havingidifiusiee neresand used inepraain sepgratioheanditheylike, nesulfing in thei t i at i on
(heating) or ace reactive
unsat ur at ed gygﬁég@ rﬁ%!r)t\% gtneg\rbllr}dmgsé]pg% Eﬁ@%%trr]e%geesﬂﬁsselggtwwérei n include, but
are not limted tofo2sl | piyetothgremhodiments, M&semtederﬁmrsaased rablaadt inve
unsaturated f e formul a

R- O CH2- Otmg@&&b}@@ﬂ@myﬁ% "e%%%}gg 2 So ({i%g e%ﬁ'ﬁétgat%e/ohggeatgpl i nker bet ween
the surface aporotsegambd qhtamatoglaphyp:eads and porous[cdrﬁﬂmchaamtbgmphqbeaUm nkers" that

can be used herein_jncl limted t hat contain

groups that under QB)ZEI] Jﬁcci)rg@%féén%g\eragn ?dé{lﬁ'ﬂ'\?é’reéﬂg'nﬁéw?%ﬁgqsgi uring

raf“ ca: pol yn];lyastmﬁartpohlgrdiﬁnglpayrﬁertekta:tdersantoberogmdsgr:aes Ravingdlffasivel ncl ude,

nol ecul es Oor unctionalities t era esta to caustic

ol ut 1 ons, "sueHPSEBa YR Ao R e abais U0 A 5 kg B sk atht b f e,

am de, acr y | ami de, [OQWJOXAdd@rdlnglt@aﬁﬁh@léﬁhbéd’tﬁent tﬂeepresan pletisrasbdseleer s such as
et her, |chI drin i ol di gl yci dyl

but anedi ol | ¢ et hyl ened
ether, ehtyl e%ﬁtl"b‘? WeWi”W g’fﬂ@ "Q:%ﬂ%’"ﬁee"fetﬂ&rﬁé}t F‘F'ﬁ@tﬁa%th al lyl
contai ni Ng gr ek dFSVE pafes ahd Slirfade! rvaetivdincRinBIfiés, btﬁhﬁﬁﬁlnqmé fsiingknow i n t he
art. Preferred linkers include ally' chloroacetate chI oride,
allyl (chl oro) giepet hyl silane, allyl glycidyl ether, ally' brom de and allyl
LYol Mot B o Bt hOkaIonGkdy S B bt Dt o LY
S g i ng s"
or "mixture oﬁn%ﬁ‘ruaf qe.f?ﬂgﬂ%ﬁ@tﬁeal@esqomdt ﬁo'be used herein include, but are
not limted to, nethacr & g{?ﬁﬂ nost
preferred grafting nono%etﬁs’ﬁlﬁngeﬁlgm utm%g?dgéhrl{@?ﬁolxérﬁnme IXta}@a‘@%t]t:ryl ic acid,
2-acryl am do- 2rafipg mynon@rsmr@@aﬁnle@eranmi|pelyraeﬂzeﬂon nateiret hacr yl oyl ani no)
propyl] trimethyl anmoni c acid, itaconic
acid or ethyl vinyl ket%%mc%élﬁjegch O%a@{téﬁry at eq'h%%%-' | et hyI acryl am de,
acryl am de, hydroxypr opd)l initietingdree sadiaal @olyrérigdtiem beteesntesuifate reabtivelr oxy| pr opy|
e e SRR A g rapons P R BB 100, o
further pol ymby ihz atroduntioniof thévedisal pdlynazization initiatori imthe saujion todemealymérul | y
controlled conditi ni. Forl txgu | e, attachment of a acrylate functionality
to a surface &l %ge" eésrcogpstf8 © acbolyrrer chain to react with the surface
and then continue to grow, nmaking the place the extender attaches to the
surface essentially random For exanple, a polynerizing chain can react at
the surface group during any point of it's chain growh and continue to
grow, thus incorporating the surface reactive group randomy along the
extender. In the case of surface initiation, such as netal oxidation of
hydroxyl groups, the solution conditions nust be controlled to maintain the
nmetal's active oxidation state and avoPfd guenching the surface activation
reaction. [49] In the grafting nmethod taught herein, these two these
two deficiencies are overcone. The pol ynerization of the poI ymer extender
is imtated in solution under less restrictive conditions and attachnment to
the surface of the porous substrate is nore likely to be termnal as the
degradative chain transfer of the surface reactive group acts much |ike an
| nh| b| tor, end| ng | the poI ymer chal n grow h. (See Prl nC| pI es of
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[52] Additionally, the incorporation of grafted extenders onto a bul k
porous structure (i.e., grafting extenders before bead formation) can
conpr om swoaniwhsstge the material's nmechani cal properti @esTasd01PO0A19

nor phol ogy. Monolith nodifications result in pore restrictions (reduction

o wonol 1t havi ng. pot y s RIHRe BRGENE SRR oY el v ri i Cor
plug smal | er dichérmess, wixtunesrodrattifiy menomers fur Onvttakeheld ponmer chains [réslingdher t en, as

| f t t hat
Compl ot ol ¥ pl GG9BHF BySERIogeA RGBT PGP PR A AP BER ot e, uch 1 hat

protein diffusi on |n t hg @Mpﬁlg\&@@\deioltmm&meucbha@s"mtbtheﬂ@thdﬂe use of the
materials for pi‘ I-\%rcappl i cations such as analytical HPLC 1In the
i nventive netf 8"‘ MB ®in, conbinations of surface reactive group

density, initiator [dé@]ncﬁd&brﬂﬁg to@R addiidnareMBEIRfent R GR\Et MUdr@slSs Whi ch i nprove
bi ndi ng capacity, can alter selectivity and create novel separation resins.

EXAMPLES basedyat lepst P3N @ nmmet{miOfsrefenglpe&xmeffextﬁn%ﬁ POPOWM®r i de resin
with a surfacgyiseaed HaVifg GlfflENP Gy tﬁ’é‘gré’ftﬁﬁbhﬁdﬂglﬁer%rtrﬁﬂ%'bﬁgraﬁ|ng [ 53]
Agar ose beads ( Sepharose 4B) E GE Heal t hcare,” Piscat awa)e(-Iq .) Were

crossl i nked ugnon@;neéspmitrqememawateh agnfales @eryigmides. aondic acih ?M‘@Q'd@? Por at h and
For nst edt , [ | on
Exchanger s” (’%@B’ﬂnﬂrﬁﬁh Ecg(rarg [3(; meﬁiaﬁr?l n(li;’rlﬁo%@&ﬂﬁrlnﬁg@;he@}n%h 6,75179 489), the
di scl osure of chiprider?- -acgylamidoeglygolic ﬁ@dantmnlata@djorw\ylrvmf/léﬁtgmﬁ:elymdvhe beads were

according t o Mhpeyfte DRy BERGNY RoSkALE nvduibrBniiidile 81" 40ed (o
18g of 8M I\laOpIhenzﬂlgcryjamIMydrﬁglpropylamamm anﬂctomheailomgharmfed over ni ght at
500C. The beads We[o% hﬁ&oﬂ?ﬁ@&%ﬂgtﬁ‘ér%&bé ent, %Feagqtlnbéntl%%%as@@taw and

filtered into a we was ' a sdal'ution
cont ai ni ng 2. 4easfrirepast, @fa r%wamttwﬂmngmmngﬂpdmwdendermmsswsmmc acid, 17.3

g of MIIli- N-D|rret acr m.de a 012gramsof

| rgacure0 295%?@[‘&9@% ﬁougleg[oggetqoy a'nfﬂ%‘d Hﬁ"?c trﬂ%ca&ﬂk pl aced between
two pol yet hyl exshargjegeigs, sﬂﬁmaprmyl gtaipb,xsm&mie aa&@dupsﬁémdnfemhbm gtaapsd to a
transport uni asse a Fusion Systens W/
bxposurc. | ab. TEYGRTATAR RS BES: weak FbnehaRgn s, PRORBIDI | ed by how
fast the asseghups, W@ék%ﬁloﬁ éb(c@al@élgrbmﬁ NN diethylamin grolipa] BE/@@mpbe the assenbly
noves through enbly is all owed

t
to sit for fi \9@1%“% 'E'Q'aﬁt@f‘ grlogpst W#@"\ﬂﬁr@”‘?s blﬁtyé%%cﬁngﬁﬁp?ﬁr@uﬂf‘e%{@s filtered

and washed w taﬁinlg%?buﬁé— PRteinM, Ploteif& rahd PRtRIL, anbitmBiAdtio 1hbr@bfum protein binding
capacity measured according to the nethod in exanpl e IS shown in Table 1.

[56] Exanple 1B. M0k iB&e a!ﬁ‘r?”l?fe'ﬁt??d%l“%‘ﬁ@@ﬁ%ti”kﬁ%‘“?”é%?aﬁe%f #RSLit a surface
reactive group, p%ﬂ%n%@?eh%th@&fbhé’r@% &&h@r"&i@h&ers onto porou$ Subktrafi@ar ose beads
(Sepharose 4B) (GE Heal thcare, " Pi scataway N were crosslinked usi ng

epi chl or ohydr Wheraip dheipkenepupling thﬁéu"faé%t@mt'?‘@%'"(@?"a p forthe poFQus sbstaie edt , " Group
Fractionation Agiee ((Jour naI of
Chr omat ography‘ia'f va:n 51m€ﬂ%8ct7rﬁaété‘§mﬁgs Qbrﬂ%lags édaﬁdéxﬁflﬁé%?ﬁﬁe?nedl eads were then
washed with 50Qyleidyl eiherl\ﬂplchIpromnm/a@lmihy&neﬁmﬂ figlycidylether, gbtglerediget cake. The wet
cake was adde i

2-acryl am do- g'gﬁre?yﬁ?/tﬁ&ggﬂ %?@Jggénclgfsa%l %@%ﬁl@r‘m@ éhg C%gédgﬁegﬁg aﬂ%ﬂalu)fli -Qr) water,
0.2 g of N, N- Dlycigy éthydrzatlyl proside chllyl metha@ylate, and combinafions thgeeolur e(r) 2959 ( Cl BA)
in a plastic bag. p ) yet hyl ene
sheets. The pol yet E’Q?‘enlé&égfﬁ togﬁ%d%ﬁ?lgéﬁ&tﬁ%aggkpﬁeg%t{"\r,\%ﬂ@g%rt uni t which
conveys t he adssedisHt &ast inrpadi,@h aaew methodhfoSyraftingrpelyrtobf eetepdessont® pombs unit with an

"H' bulb. Tine o osure 1s contro how ; enbly noves
hrough & he USRS ern0 Bfiek® a e Sinepr e b R BB OB lgh  he. o
chanber at 15 whereih the@nsatdrated fenctiohilkitiesars eliytid groups. al | owed to sit for five
m nutes before the bag is renoved and the beads filtered and washed with

500 mL of MIIli-Qr) water. The equilibrium protein binding capacity
nmeasured according to the nmethod in exanple 6 is shown in Table 1.




[ 59] Exanple 1C. Modification of a polysaccharide resin with a surface
reactive group and ani on exchange extenders [ 60] Agar ose beads
( Sephar oswo4B)2/01&59Heal t hcare, Piscataway N. J.) were cr essiusekedoz1ss ng
epi chl orohydrin according to the teachings of Porath and Fornstedt, "G oup

Fractionation of P Proteins qn Dipolar lon changers", . (Journal of
Chr onat ogr aphy, vologglgﬁl," s‘i'é’%fe@’ﬁa'mﬁ’%- ﬁggf‘?"l“ﬂ‘?@%@é%@gﬁéaﬁdsf'ﬁen nodi fi ed
wi th a surfaceart aaew metodfogisftingablyiiér egteidetsiyito peiolesubitaiekbsigecor ding to the
following nethod: In a jar, 10 na of beads were added to 188? of 1M NaCH,
12g of AGE, 3&ds! PRI&’Q%&“&W&"‘“PH& pdingiamapRikm BRI PRtassm BifSUEte. The  beads
were then wasagsmis@dydhobdiic Bbid, Mgadite®l 20560 P)azod(ZamidiRel filtered into a wet

cake. The wet cake was added to a solution containing 6 granms of 75% (3-

acryl am dopr opipPInetydreshierdeandsemtinationsthsreotie sol ution, 13.6 grams of

MITi-QC) water angs§. 2Arﬂfhém¥)je@tf_|9rf] ﬁ@g@@éwm&%w bRvie kitt BRd Matddgr & was
e be

b
agitated at 65 C for 17 hours. ads were then washed wi th 500nL of
MI1i-Qr) wafeating tomakisgandiusing the revpmeshes for grafting pelynes axendersgntaeasur ed

according t Owgﬁﬂs.@wﬂﬁ@s Ii\zﬂ'%nﬁﬁiﬁﬁg%%or@, Jsﬁd A BRI separdiBRY, Resditin [61]

Exanpl e 1D. M ication of "a polysaccharide resin wth sugr"} ace reactive
groups and caimpseyedprotainhigding:capagiyl andegited resipseleetiin bi ndi ng at | ow i onic

strength ) \[A@%Jg ARl fg@@@?énd(aﬁ@a% sgcﬁfﬂgﬁmg%n)t} ﬁu bE&t oRERT €

Pi scataway N. J. crossli usi ng epi naccording to the
t eachi ngs of Pedataiteddesdrigtion arsiolaits, which follopys. Maay modifitationoandydrig@resfa  Pr ot ei ns

on Di pol'ar | 0 e hapasna ok A N1Bharo HIOURA QM 2BYss wiple 51, 1970, pp.

479-489). The ads wWere theh no ace’'reactive group, allyl
gl yci dyl et heappark@H) thasecsillet imthe tan. Itisite bk ahdecsiviod thatrtied foregoinglgenexalj ar, 10 nlL of

bead dded to 18 f, 1M 2 4 GE_ 39 pf Na2SO4 and th
g1 1t od. over ArgTROyads Ttofth Ble ebolflt b Al 8 3oe AT MR " of
MITi-Q0) wat @rawhgsaré eetmplagcnd edplanatoryeily, asdkate infEhdedwefrovdeled was added to a

20mL solution containing 1 am o -acryl am do- 2- net hyl - 1- propanesul fonic
acid, 18.8g of* npqopp@ﬁgusﬁﬁ@%engoﬁearegqn% "ﬁﬁ'ﬁ%ﬁ%‘%{%cr yl ani de and 0. 08g
of amoni um pemBddirieatsdaught hareinarfe offdlee by wdy ohe@mMBNE bihlparicirevivtimbaadoed to 65 C

for 1 hour. Tge,b,eads were filtered and washed with 500 nL of MII1i-Qr)
wat er. The ed&lming/N aW¥.ot ei n bi ndi ng capacity measured according to the
method in exanple 6 is shown in Table 1. [063] Exanpl e 1E.

Modi fication of a polysaccharide resin with surface reactive groups and
cation exchan%@mm% bi nding at high ionic strength
[064] Agarose beadﬁ)sﬁ]seﬂ%lf‘%g@rﬁosé%ftKiQ%e&ﬂﬁ%@iianﬁ@é@encﬁ& Sigimb,aneys N. J.) were
crosslinked using epichlorohydrin according to the teachings of Porath and

For nst edt, " GotberwiSFrnaiéqt%ﬂbnumws@qusﬁiaw@n iPoAf Egrediedts PWWQ&? orn on
Exchangers”, Meamagg{;f_n%ﬁ%{rﬁazg&n%ﬁmw and'dMer nitderical off2s uféblral-m llﬂg 3[ 489) . The

beads were then no ied w surface reactive group, yci dyl
ether (AGE) aé&resiicationand elaimscare (91bp ynderstpodras bring:mopifieddn plaipstanees biyitheof beads
wer e added tog%rﬁ%b « 1M NaOH, 12g of AGE, 3g of Na2SO4 and then agitated
over ni ght at . The beads were then washed with 500 nL of MIIli-Qr)
wat er and filter edioBéit cAcgordiegly, urlkss indiThted tadhe coatiaey, thasumetidedd t o a 20mL

sol ution cont gj ni r - b 00- 20 10 .-1-_propanesul fonic
acid, 17.8g Oﬁérﬁhh{l%sg@pﬁ%eﬁél}oalnggééég%rgﬁd% '@#@#&%ryl am de and 0. 08g
?f agmﬁni um _[I)_ﬁpps%xiniagdms tﬁahma&;\ja:a/rdepéﬁdiagp[gm thmiﬁsigblpﬁ]r’ms Sgrgdttblhefat E/ldl ][_O 6Q(5 ;)C
or our. be were filter and washe , i-Qr
water. The eqBnArgy M Pse i Ane B R ARt oo RieBeli ng 1o ¢ he
met hod i n exaaplieatién of thesibetrive of eyuilalbiteto the sEdpe o thel eldiing each nameridal br i um Bi ndi ng
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Resin Type Surface Reactive Goup Protein Static Capacity (g/L) unmol / mL
of resin 1gG (pH 5, 8nS) 1gG (pH 5,
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[037) Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resulting from the
standard deviation found in their respective testing measurements. Moreover, all
ranges taught herein are to be understood to encompass all subranges subsumed
therein. For example, a range of "1 to 10" includes any and all subranges between
(and including) the minimum value of 1 and the maximum value of 10, that is, any and
all subranges having a minimum value of equal to or greater than 1 and a maximum
value of equal to or less than 10, e.g., 5.5 to 10.

[038] Before describing the present invention in further detail, a number of
terms will be defined. Use of these terms does not limit the scope of the invention but
only serve to facilitate the description of the invention.

[039] As used herein, the singular forms "a," “an," and "the" include plural
referents unless the context clearly dictates otherwise.

[040] “Degradative chain transfer” occurs when the propagating radical is
very reactive, but the chain transfer product with the monomer is not reactive (forms
stable radical). (See, “Principles of Polymerization”, George Odian, John Wiley-Sons
Inc., New York, 1991), the disclosure of which is hereby incorporated by reference.
This chain transfer results in greatly reduced polymerization rates and polymer
molecular weight. This is advantageous in grafting when low molecular weight surface
modification is desired (See, for example, US Patent Nos. 7,048,858 and 7,060,187,
each to Ihre) However, when more reactive monomers are used, the surface reactive
group becomes the chain termination anchor for longer extenders or tentacles in a
“grafting polymer‘to" approach when the polymer is formed in situ. These in situ
generated extenders provide improved binding capacity and modified selectivity. The
method is advantageous because it can be used with a wide range on monomers,
such as acrylates, acrylamides, methacrylates, and a wide range of substrates or base
matrices (such as polymeric beads, agarose beads and ceramic beads).

(041} Other “porous substrates” or “base matrices” that can be used herein
include, but are not limited to, any material with diffusive pores and allylic surface
reactive groups. Preferred materials for porous substrates or base matrices that can be

used herein include polysaccharides, synthetic polymer, agarose, cellulose,
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polymethacrylates, polyacrylates, polyacrylamides, polystyrene which contain allyl
methacrylate or the like, and hybrids or combinations of the aforementioned. Most
preferred materials include agarose modified with allylic surface reactive groups,
polymethylacrylate materials containing allylic surface reactive groups,
polymethylacrylate materials modified with allylic surface reactive groups, and
polymethacrylate materials which incorporate allyl methylmethacrylate.

[042] Examples of “functional groups” that can be used herein include, but
are not limited to, ion exchange groups, bioaffinity groups, hydrophobic groups,
thiophilic interaction groups, chelate or chelating groups, groups having so called pi-pi
interactions with target compounds, hydrogen bonding groups, and hydrophilic groups.

(043]) Examples of “ligands” that can be used herein include, but are not
limited to, ion exchange groups, hydrophobic interaction groups, hydrophilic interaction
groups, thiophilic interactions groups, metal affinity groups, affinity groups, bioaffinity
groups, and mixed mode groups (combinations of the aforementioned). Some
preferred ligands that can be used herein include, but are not limited to, strong cation
exchange groups, such as sulphopropyl, sulfonic acid; strong anion exchange groups,
such as trimethylammonium chloride; weak cation exchange groups, such as
carboxylic acid; weak anion exchange groups, such as N,N diethylamino or DEAE;
hydrophobic interaction groups, such as phenyl, butyl, propyl, hexyt; and affinity
groups, such as Protein A, Protein G, and Protein L.

[(044] Examples of “radical polymerization initiators” that can be used herein
include, but are not limited to, ammonium persulfate, potassium persulfate, azobis(4-
cyanovaleric acid, Irgacure® 2959 (Ciba-Geigy, Hawthorn, N.Y.), 2,2-azobis(2-
amidino-propane)hydrochloride and the like. The grafting to reaction can be initiated
with methods know in the art, preferably thermal initiation (heating) or UV irradiation.

[045] Examples of “surface reactive unsaturated groups or functionalities”
that can be used herein include, but are not limited to, allylic groups. A preferred
surface reactive unsaturated functionalities includes allylic groups having the formula
R-O-CH»-CH=CH,, where R is the porous substrate surface or a linker between the
surface and the allylic groups.

[046] Examples of “linkers” that can be used herein include, but are not
limited to, molecules that contain groups that undergo high levels of degradative chain

transfer during radical polymerization. Linkers that can be used herein also include,
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molecules or functionalities that have considerable stability to caustic solutions, such
as compounds containing ether linkages, methacrylate, amide, acrylamide, epoxide,
amine and the like. Preferred linkers such as butanediol digylcidyl ether,
epichlorohydrin, polyethylenediol diglycidyl ether, ehtylenediol digylcidyl ether can be
further modified with allyl containing groups such as allyl glycidyl ether using methods
know in the art. Preferred linkers include allyl chloroacetate, allyl chloride,
allyl(chloro)dimethylsilane, allyl glycidyl ether, allyl bromide and allyl methacrylate.
Most preferred linkers include allyl glycidyl ether, allyl bromide and allyl methacrylate.

[047] Examples of “grafting monbmers" or “mixture of grafting monomers”
that can be used herein include, but are not limited to, methacrylates, acrylates, and
acrylamides. The most preferred grafting monomers include, but are not limited to,
acrylic acid, 2-acrylamido-2-methyl-1-propanesulfonic acid, [3-(methacryloylamino)
propyl] trimethylammonium chloride, 2-acrylamido-glycolic acid, itaconic acid or ethyl
vinyl ketone, glycidyl methacrylate, N,N-Dimethylacrylamide, acrylamide,
hydroxypropyl methacrylate, N-phenylacrylamide, hydroxylpropyl acrylamide, and
combinations thereof.

[048] In typical grafting approaches, either the residual unsaturation
maintains reactivity towards further polymerization or the surface initiation requires
carefully controlled conditions. For example, attachment of a acrylate functionality to a
surface allows for a growing polymer chain to react with the surface and then continue
to grow, making the place the extender attaches to the surface essentially random. For
examplé, a polymerizing chain can react at the surface group during any point of it's
chain growth and continue to grow, thus incorporating the surface reactive group
randomly along the extender. In the case of surface initiation, such as metal oxidation
of hydroxyl groups, the solution conditions must be controlled to maintain the metal's
active oxidation state and avoid quenching the surface activation reaction.

[049] In the grafting method taught herein, these two these two deficiencies
are overcome. The polymerization of the polymer extender is imitated in solution under
less restrictive conditions and attachment to the surface of the porous substrate is
more likely to be terminal as the degradative chain transfer of the surface reactive
group acts much like an inhibitor, ending the polymer chain growth. (See, “Principles of
Polymerization”, George Odian, John Wiley-Sons Inc., New York, 1991), the disclosure
of which is hereby incorporated by reference.

11



CIEX N.D. 100 175 Control Fractogel-S 123 105 N.D. = Not Determ ned
[ 066] Exanple 2A. Modification of a synthetic polynmer resin with surface
WO 2012/015379 PCT/US2010/002119

[050] Grafting to allylic surface reactive groups, which undergo degradative
chain transfer, is known for monoliths, cellulose fibers and silica particles. However,
known modifications to monoliths, cellulose fibers and silica particles was
accomplished on convective pores (>1um) which are much larger than the diffusive
pores found in bead based technologies. The cellulose and silica particles were
modified and then configured into a porous structure having large convective pores.

[051] Modification of the material with extenders prior to porous structure
formation is not advantageous nor readily applicable to bead based technologies
because it desirable to have the extender only at the surface of the internal structure /
surface area (where the ligands can interact with the target molecule). Modification of
particles (such as cellulose and silica) by the formation of porous structures from these
modified particles result in plugged convective pores and a random distribution of the
extenders, thus providing a limited, but much reduced ligand to target molecule
interaction.

[052] Additionally, the incorporation of grafted extenders onto a bulk porous
structure (i.e., grafting extenders before bead formation) can compromise or change
the material's mechanical properties and pore morphology. Monolith modifications
result in pore restrictions (reduction of flow) in micrometer size pores. These observed
pore restrictions suggest a monolith having polymer extender modifications which
completely fill or plug smaller diffusive monolith pores provided .

[053] Hjerten, as previously referenced, teaches an agarose matrix having
pores that were completely plugged by the grafting of polymerized polyacrylate, such
that protein diffusion in the pore was eliminated, enabling the use of the materials for
non-porous bead applications such as analytical HPLC. In the inventive method as
taught herein, combinations of surface reactive group density, initiator concentration
and monomer concentrations which improve binding capacity, can alter selectivity and

create novel separation resins.

EXAMPLES

[054] Example 1A. Modification of a polysaccharide resin with a surface
reactive group and cation exchange extenders

[055] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway N.J.)
were crosslinked using epichlorohydrin according to the teachings of Porath and
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reactive groups and cation exchange extenders optimum binding at |ow ionic

strength [67] Pol ynet hacryl ate beads, 50nm., (HWG65, 45um TOSOH
Bi oSci encwd 2owmsyoaked in 1 M NaOH for 2hrs at 25 OC amdTiusesnoxwesned with
500nL of MIIli-Qr) water. The beads were then nodified with a surface

reactive grou i,.d e ornding to the follow n
nmet hod: | g a] Edrns?%érfgg) d§°t'°al/%‘a‘ EP %irﬂé 6\(@? grbffmjar XC 5991(%’2804 wer egadded
and agitated Quenaolhron@togfaphyOl. 5Te76 epd39-489), ehewiisslbste ofinhioh 00 L of

MITi-Qr) water,and filtered int t cake. OnL of wet cake was
Nided £o & SolIRoBuRElPHEREIE Shehein e e RSt y 1 o
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according to the nethod in exanple 6 is shown in Table 2. [ 68]
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ea
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ammoni um persul fate and 13.6 g of M II|-CXr) mater in a jar. The jar was
agitated and heated to 65 OC for 1 hour. The beads were filtered and washed
with 500 nL of MIIli-Qr) water. The ;guilibriun1protein bi ndi ng capacity
nmeasured according to the nmethod in exdnple 6 is shown in Table 2.

[ 74] Exanmple 2E. Modification of an synthetic polymer resin wthout surface
reactive groups and without extenders to create a standard ani on exchange

resin [ 75] Pol ynet hacryl ate beads, 10nm., (HW65, 45um TOSOH
Bi oSci ence) were soaked in 1 M NaCOH for 2hrs at 25 OC and then washed with
500nL of MIIli-Qr) water and filtered into a wet cake. The wet cake was

added to a sol ut| on cont a| n| ng 6 grams of 75%
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binding is possible to the surface of the resin, but there are no extenders
or grafted chains available. The equilibrium protein binding capacity
measur ed wocordiiszyot o t he nethod in exanple 6 is shown iPoT/I@bé1e/02211¢ 076]
Tabl e 2. Equilibrium Binding Capacity for Synthetic Polynmer Beads Exanple
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the method in example 6 is shown in Table 1.

[059] Example 1C. Modification of a polysaccharide resin with a surface
reactive group and anion exchange extenders

[060] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway N.J.)
were crosslinked using epichlorohydrin according to the teachings of Porath and
Fornstedt, "Group Fractionation of Plasma Proteins on Dipolar lon Exchangers”,
(Journal of Chromatography, vol. 51, 1970, pp. 479-489). The beads were then
modified with a surface reactive group, allyl glycidyl ether (AGE) according to the
following method: In a jar, 10 mL of beads were added to 18g of 1M NaOH, 12g of
AGE, 3g of Na2S0O4 and then agitated overnight at 50 °C. The beads were then
washed with 500 mL of Milli-Q® water and filtered into a wet cake. The wet cake was
added to a solution containing 6 grams of 75% (3-
acrylamidopropyl)trimethylammonium chloride solution, 13.6 grams of Milli-Q® water
and 0.2 grams of ammonium persulfate. The mixture was agitated at 65 °C for 17
hours. The beads were then washed with 500mL of Milli-Q® water. The equilibrium
protein binding capacity measured according to the method in example 6 is shown in
Table 1. ,

[061) Example 1D. Modification of a polysaccharide resin with surface
reactive groups and cation exchange extenders with optimum binding at low ionic
strength

[062] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway N.J.)
were crosslinked using epichlorohydrin according to the teachings of Porath and
Fornstedt, "Group Fractionation of Plasma Proteins on Dipolar lon Exchangers”,
(Journal of Chromatography, vol. 51, 1970, pp. 479-489). The beads were then
modified with a surface reactive group, allyl glycidyl ether (AGE) according to the
following method: In a jar, 10 mL of beads were added to 18g of 1M NaOH, 2.4g of
AGE, 3g of Na;SO4 and then agitated overnight at 50 9C. The beads were then
washed with 500 mL of Milli-Q® water and filtered into a wet cake. The wet cake was
added to a 20mL solution containing 1 gram of 2-acrylamido-2-methyl-1-
propanesulfonic acid, 18.8¢g of Milli-Q® water, 0.15 g of N,N-Dimethylacrylamide and
0.08g of ammonium persulfate in a jar. The jar was agitated and heated to 65 °C for 1
hour. The beads were filtered and washed with 500 mL of Milli-Q® water. The
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equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 1.

(063) Example 1E. Modification of a polysaccharide resin with surface
reactive groups and cation exchange extenders with optimum binding at high ionic
strength

[064] Agarose beads (Sepharose 4B) (GE Healthcare, Piscataway N.J.)
were crosslinked using epichlorohydrin according to the teachings of Porath and
Fornstedt, "Group Fractionation of Plasma Proteins on Dipolar lon Exchangers”,
(Journal of Chromatography, vol. 51, 1970, pp. 479-489). The beads were then
modified with a surface reactive group, allyl glycidyl ether (AGE) according to the
following method: In a jar, 10 mL of beads were added to 18g of 1M NaOH, 12g of
AGE, 3g of Na2S04 and then agitated overnight at 50 °C. The beads were then
washed with 500 mL of Milli-Q® water and filtered into a wet cake. The wet cake was
added to a 20mL solution containing 2 grams of 2-acrylamido-2-methyl-1-
propanesulfonic acid, 17.8g of Milli-Q® water, 0.2 g of N,N-Dimethylacrylamide and
0.08g of ammonium persulfate in a jar. The jar was agitated and heated to 65 °C for 1
hour. The beads were filtered and washed with 500 mL of Milli-Q® water. The
equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 1. '

[065] Table 1. Equilibrium Binding Capacity for Agarose Beads

Surface
Reactive Protein Static Capacity (g/L)
Example | Resin Type Group
umol/mL I9G 9G BSA
of resin (pH 5, (PH S, pH 8, 4mS
8mS) 16mS) ’
1A CIEX 73 100
1B CIEX 0 11
1C AIEX 100 199
1D CIEX N.D. 165 120
1E CIEX N.D. 100 175
Control | Fractogel-S 123 105

N.D. = Not Determined
[066] Example 2A. Modification of a synthetic polymer resin with surface

reactive groups and cation exchange extenders optimum binding at low ionic strength
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[067] Polymethacrylate beads, 50mL, (HW-65, 45um, TOSOH BioScience)
were soaked in 1 M NaOH for 2hrs at 25 0C and then washed with 500mL of Milli-Q®
water. The beads were then modified with a surface reactive group, allyl glycidyl ether
(AGE) according to the following method: In a jar 15mL beads, 18g of 1M NaOH, 2.4g
AGE, 3g Na2S04 were added and agitated overnight at 50 0C. The beads were
washed with 500 mL of Milli-Q® water and filtered into a wet cake. Then 10mL of wet
cake was added to a solution containing 1.2 gram of 2-acrylamido-2-methyl-1-
propanesulfonic acid, 0.08g of ammonium persulfate, 18.5g of Milli-Q® water and
0.24g of N,N-Dimethylacrylamide in a jar. The jar was agitated and heated to 65 0C for
1 hour. The beads were filtered and washed with 500 mL of Milli-Q® water. The
equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 2.

[068] Example 2B. Modification of a synthetic polymer resin with surface
reactive groups and cation exchange extenders optimum binding at high ionic strength

[069] Polymethacrylate beads, 50mL, (HW-65, 45um, TOSOH BioScience)
were soaked in 1 M NaOH for 2hrs at 25 0C and then washed with 500mL of Milli-Q®
water. The beads were then modified with a surface reactive group, allyl glycidyl ether
(AGE) according to the following method: In a jar 15mL beads, 18g of 1M NaOH, 2.4g
AGE, 3g Na2S04 were added and agitated overnight at 50 0C. The beads were
washed with 500 mL of Milli-Q® water and filtered into a wet cake. Then 10mL of wet
cake was added to a solution containing 2.8 gram of 2-acrylamido-2-methyl-1-
propanesulfonic acid, 0.08g of ammonium persulfate, 17g of Milli-Q® water and 0.12g
of N,N-Dimethylacrylamide in a jar. The jar was agitated and heated to 65 OC for 1
hour. The beads were filtered and washed with 500 mL of Milli-Q® water. The
equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 2.

[070] Example 2C. Modification of an synthetic polymer resin without cation
exchange extenders

[071] Polymethacrylate beads, 50mL, (HW-65, 45um, TOSOH BioScience)
were soaked in 1 M NaOH for 2hrs at 25 0C and then washed with 500mL of Milli-Q®
water. The beads were then modified with a surface reactive group, allyl glycidyl ether
(AGE) according to the following method: In a jar 15mL beads, 18g of 1M NaOH, 2.4g
AGE, 3g Na2S04 were added and agitated overnight at 50 0C. The beads were
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[79] Pol ymet héﬁﬂip9'ia&'feeﬂi§é>8 wemhed(wwwoo mid Mli-G@ ety peissdhignce) were
soaked in 1 Elg%i's chate@Qh@eﬂénd@r@oﬁEl @Qﬁ’wﬁé?@me%t%m%diﬁ@ lshosafpfety of MII1i-Q

water(r). The were then nodif a surface reactive group, allyl
gl yci dyl et hethespaey Ofai@%@iiﬂubiﬁ@w@rc heemetﬂimraoiigraéedﬂaﬁ&avaﬂabie Hear, 10 g

beads, 18g of Hﬂi%ﬂ d overni ght
at 50 C. The 8@\0& rtglaiﬁgglﬁ%pwﬁ?wg%gg%nic\eﬁp Gﬁqﬁidi - Eﬁ(ﬁp'?e)é% Itt"%t'sgmd filtered
into a wet cakkawniiTablegr ans of the wet cake was added to a sol ution
cont ai ning 0.2 grapg.,of Vi AT ' persul f at e,
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MITi-Qr) wair@ictivbgroapsiaad anidrhexcljaage extesdengi t at ed and heat ed to 80 0OC for 17
hours. The beads I te Qr) water.
The equilibrium pmﬁ)?gi | %a?g@\ﬁ:aszgggamvtbg %gﬁwredy%{é\:%%b%? ng to the
met hod i n examplesodketiad M Na[b‘rdfot Zhrdoat 236C grid then washed with 500mL of Milli-Q®

water. The beads were then modified with a surface reactive group, allyl glycidyl ether

(AGE) according to the following method: In a jar 15mL of beads, 18g of 1M NaOH,

2.4g AGE, 3g Na2S04 were added and agitated overnight at 50 0C. The beads were

washed with 500 mL of Milli-Q® water and filtered into a wet cake. Then 10mL of wet

cake was added to a solution containing 6 grams of 75% (3-

acrylamidopropyl)trimethylammonium chloride solution, 0.12 grams of ammonium
persulfate and 13.6 g of Milli-Q® water in a jar. The jar was agitated and heated to 65
0C for 1 hour. The beads were filtered and washed with 500 mL of Milli-Q® water. The
equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 2.

[074] Example 2E. Modification of an synthetic polymer resin without
surface reactive groups and without extenders to create a standard anion exchange
resin

[075] Polymethacrylate beads, 10mL, (HW-65, 45um, TOSOH BioScience)
were soaked in 1 M NaOH for 2hrs at 25 0C and then washed with 500mL of Milli-Q®
water and filtered into a wet cake. The wet cake was added to a solution containing 6
grams of 75% (3-acrylamidopropyl)trimethylammonium chloride solution, 0.12 grams of
ammonium persulfate and 13.6 g of Milli-Q® water in a jar. The jar was agitated and
heated to 65 0C for 1 hour. The beads were filtered and washed with 500 mL of Milli-

Q® water. This procedure created a no extender control resin where the protein
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[ 80] Exanmple 2G Modification of a synthetic polynmer resin with surface
reactive groups and hydrophobic interaction extender [ 81]

Pol yrmet hawoybetmsizeads, 50ni, (HW 65, 45um TOSOH Bi oScipemamsponmoa1soaked
in 1 MNaOH for 2hrs at 25 0C and then washed with 500mL of MIIi-Qr)

wat er. The beads. were df| with surface ctive.qgroup, allyl

gl yci dyl ethe '"?'ﬁ&ﬁj’o%@l‘}g ﬁﬁ’ ﬂﬁéesf ?q?gﬁer?{f W{qg@rs qrﬂrage%} ar, 10 g
beads, 18g of ch\ﬂsPd&é'ilable J]‘H@eq%ﬂt’ﬁnunﬁgotéiﬁ& oapactty raskdedd adtordiagtottiat ed over ni ght
at SOC The bead e\/\@éh@% 11:eah\ﬁ§00rrLof MIli-Qr) water and filtered
into a wet cakgtho “\Féa'm'ea NGt cake was added to a sol ution
containing 0.2 graggyePf TdbePhEqibAR Bih acitPfoPSgthefic RulenBeats per sul f at e,
3.4g of N, N-di net h?ﬁ' gcet am d@M( )W@RQ tgf ﬁg‘xyl ene glycol, and 3g of

MITi-Qr) water in a jar The jar was agltated and heated to 80 ciC for 17
hours. The begds—werelfTItered qma wasihga Wt 500t of ™ ||F-Fr) wat er .
g

The equilibridgm protegn binding (SQ@CQ:cpam ty nmeasured accordi to the
met hod in exafple 6 was found tq Reacti®ed/ LProtein Static Ca2icitEigibpl ¢ 3A.
Asymetric Aggrose Beqd with Unilqugroghern cal Environnents and Tywo Distinct
Pore Size Reg| (ﬁ)@mple Resin ﬂ-m tion of lnternal Structiye

[ 84] Asymmetrijc agarog$e beads V\HW; acdg®di ng tlgGt he gﬁbg?d taught in
US Patent Applli cati on|Publicatiqn 407pABL 21 4q H1, 000 5% agar ose
sol ution (D-5|Agarose|from Hi spctnﬁfg@s") wagmgflde 1 an% 00 8248 ni neral oi |

cont ai ni ng 12prtef—Sppr—S0—ertH--H-e+— oH—peath—at—86¢ under
constant agitati i t o obt(;Eﬁ< erm\5§| o1l gQ/\,h h 14k ol phaseli s
continuous. The @Bl s{on @E(then pd8ped th4©ugh a@®5 ilnch (12)7mm

di aneter, 6 |Tche§3(1>2 4@]9xlorg qulgl cy stggic m Xg (KMR- SAN-12) at a

flow rate of § SECOTg 1D mTeratort—at15¢: rical
honbgeneous ag¢a £h bbadsh m@%mwmdi aneter of
3 ashéd wilth of water  ethanodb and then water
and sieved to yield a bead size range of 75 to 125pm The beads were then
crosslinked according to the nmethods taught in Porath et al., "Agar

derivatives for clyyoneEeapepy 2D etrrmbifaiemeRddcan bélagpidd tbmored enzymes.
Desul phat ed and reduceog cross| i nked acp;ﬁ C@&nd agar ose |n {;erl cal bead
\ypgtha rﬁé

fornt, (Journdlangre Wie b h3se G xAKR PO te ‘f9 rosejg Ex ¥a the

di scl osure of siarGiprovemats mlwpacufycpdrrb@thaét@ﬁlamnroﬁtemharg@exterﬁe@ beads were
then nodified with allyl glycidyl ether jar, 1209 beads, 150 ni
of 8M NaOH, 3(99°a§'8?§|QC%h@ﬂ?‘f"‘@feeobmdi%@aﬁ‘“%mmsWé?eea”)ﬂlﬁé\é’@c%nd agi tated
overni ght at 4&five §REp. Wﬁé‘rﬁo%@@aﬁé@ﬁ&qg E‘ﬁbrﬁd?es&%n@@@a@hlgﬁér tH‘éh'a' i-Q(r)

quality water. Seléectivity testing results are shown in

[85] Exanpl e 3gte ﬁé‘!ﬁﬁ%@ﬂqnéem@é'f esiBEEgoggI® B TLUﬁldQﬂ?@‘s@ﬁW%al Ehw ronment s
and Two Disti rafffﬁsmP Qo %g;;@ pr’o?em@es%lféﬁ G Ilé&lf?ﬁd@ﬁble §ﬁﬂé}9ﬁeH'éﬂerWerfo fisandard cation
exchange functional it ? A portion beads made in Exanple
3A were nodi f imgthod @nddm@dttfaecapa,ettmaramrownenbweetne;ﬁ@tﬁg@hm erial. The beads

were nodified wth EQ‘I‘@E 47 m of
MITi-Qr) water, 17"%8]8 0 &&%ﬂggﬁgﬁg gﬁ}h@cgﬁ%moeal@g%%#itﬁgﬂ%; sulfite were
added and agi treix:@dgwupﬂramﬂgmromwiaitﬁamttoemdat ure. The beads were washed
with 3 x 500 m of | 1 eads were
then coated with G}Jyglga?o&eq%g Féndé %ﬁ@i,ﬁ(ﬁw qsoﬁugv\}'%écﬁ-?&?%c@ﬁcaw m of the
beads wer e t heerersoaied ini it NaGﬂ)ferﬂrs atf2s Gl%ralgtwnm&asa‘\ed@ﬁtm%mho(ml& Agar ose from

H spanagar) to naslu ar 0s 2 st added to
1000m. of m n&ag%sg Gfbeggs %?:{héh@%‘ﬁeeggﬂ cea{ﬁ?c?\éﬁqr%'ﬂ 18%3%62 n an emnul si on
in which the ether (AGE)Sa&cmding:tomtelfdnowngSmetﬁ'diielnar]alJ Bigieadsat8gtoh2MNadifped t hr ough

CKNRSAN. 12) 26 JANPEES e ST TR b BB L PO B FrefEsterorc | C<ul 1 | ng

ggaél ose bleads wastéd &ith mgnumwm(?wh@rmlﬂtdr@ym 3 Wbllcﬁlkglo%ﬁégr?ﬁs df@wmdand t he

ead popul ation s predom nant core > : e bheads were
settled, washdgt Q\%?%H&@Fd%e{?%ﬁwue%/ g r?cﬂrac”ﬁé’ﬁN&Q?'macr&'ﬂ’B'}a%iogg%d to yield a
bead size range of 75-125pm The beads were crosslinked according to the
met hod taught in Porath et al., "Agar derivatives for chromatography,

el ectrophoresis and gel bound enzyrres Desul phat ed and reduced crosslinked
agar and agarose in spherical bead forH', (Journal of Chromatography, vol.
60, 1971, pp. 167-177), the disclosure of whi ch is hereby incorporated by
reference. The beads were.washed with 3 x 500 mM of MIIi-Qr) quality

wat er . [88] The beads were then nodified with bronopropane sulfonic
acid (BPSA). In a jar, 10 g beads, 30 ml of 5M NaOH, 7.2 g BPSA were added
and agitated




overni ght at 50C. The beads were washed with 500 M of MIIli-Qr) quality
wat er and then stored in 20% ethanol. Selectivity testing results are shown
i n Tabl e 80 2012/015379 [ 89] Exanpl e 3C. Asynmetric Agar osePBeam2ewm1Uni que
Chem cal Environnents and Two Distinct Pore Size Regions: Internal

Structure with,inventive t hod; tion . excha t enders th i nmproved
bt nding. ot engiaER B Ry, 396 or NI img Gy BeaRBABEH 128 Siiolbng 0o Toro TS
lIi_xagpl e StA vveg@cd/mdd 3g ctﬁmntf@@wateﬁhegeahe pm@agmgﬁd neateﬁ_rrdﬁros (;%M tn{ [ ][rproved
i ndi ng stren selecti ea ed Wi 0
M IIi-%(r) mﬁéF Ehefqeﬁ Sé'f%%”‘?’ﬁ&é %ﬁ&d%‘ég@mﬁﬁwwg@“@mﬁ? 10m) was
added to a Zoﬁhumbmlnhl roteiR biRGIRG @JC) calRcif nfbasliredBocdring to the method in

propanesul fonic acid, 17.3 g of MIIi-Qr) water,

2-acryl am do- 2- et

0.2 g of N N@i(me@llyaé&w ®edadhnd 0.12 grams of Irgacure(r) 2959 (Cl BA)
inaplastic bag. ae Phafblochwdiitgn MAGRRI RIS Rsh i Aket Nyl ene
sheets. The pol yet hylene sandw ch is then'taped a transport unit which
conveys the a&aaelivB DipupsANg higirophobia irteraetiomgdanders UV exposure |ab unit with an
o D T Of . [ERL Mo naBbe k! NS ASToddERRRMR ¥ TOVES

t hrough the UV uni hi's e asse noves t h the W
chamber at 15weespakeein 1rid N%Q*éformfﬁaata@%aﬂdlt@ni‘NQSMGWﬁiv@@mtgfl‘éli"@@f or five

500 . of M | Felrns i s BOPAGHNeA U JFanieRegub I ANTZ ) W11 6o

agar ose accor ¢AGH) atoording éo thelollowing mpthodtimajdt, 16§ besds,dBg ¢fi3M Na€&idEgwer e t hen

m xed into 30 1 nagar) to
obtain a sl ur?\?E1 apﬁi?z%ar %?g?%fangggﬁed?\rﬂerd @g@%ﬁ%&%@%@ﬁ% m ner al
oi |l at 90C undath suﬂdmlsderItQ®yatb|aan|dcﬁlteretdontmbtuehcakeaﬁveagramsdfdm wehcakdi ch t he oil
phase is continuo The e i.on ed th 0.5 inch
(157 i amspertegoR EhEE bRaBR P Tan § B AR E I cor *( lvRsAN- 12)
gt g flhO\c/iv rat emmbm@hbﬂ%ulfatbr&ztg ofN, N%raéthw)aﬁ:btagntdeﬂWAC}SﬂHgm@B&xM&mmﬁ agar gse
eads had an e ma ayer_ thi ckness of 10um and .t.he bea
popul ati on vva§ @B‘i}fﬂ%&ﬁ'ﬁ&@wg\eﬁﬁiﬂ r. 8¢ dgwas ag@?g%a_nd %‘?‘Fge%%@&gf%re settl ed,
washed with ofi7 WeireThe tfébdlwwdfIt@r@daﬁd%hé@ﬁﬁ%O(Prﬂdof%lﬁQ@dwateﬂ THé el d a bead
size range of 75 to eads, were cross in aﬁp(grdl ng to the

1 The
met hod t aught eAHibEBER EP%RQWd'QQ 'QG?"??@QP/ mgasUres-ee0y Wat ogr aphy,
el ect r ophor esbﬁa@m\@glfouh@@m@w%yms Desul phat ed and reduced crosslinked
agar and agarose in spherical bead f (Journal of Chronmat ography, vol.

60, 1971, pp. 167- 087 E’@H‘Eleéﬁsﬁ#%@lﬁtﬂéA%m%%w"hy"ﬁé? ebidahcor por at ed by
reference. Th@n@f@ﬁfﬂ&t@’%&?w&‘@@tﬂﬁ@bcﬂ $isk Region®00 M of MI1i-Q(r) quality

wat er . [9 1 beads were then rmdlfled Wi th bronopropane sul fonic
acid (BPSA). In a [088] &rergaraﬂeradénter@dsmcttm 5M NaCH, 7.2 g BPSA were added
and agitated overnt(gb]t ggxgﬁgﬁ%a&%ep ﬁerWa@e ﬁéjﬁometnl%trggo m of

MI1i-00 quality water nstore In 20% et Sel ectivity testing

results are shteyghtin s Raignt Appdcation Publicatiqnd\g) 2Q97</Q2“ﬂ1354=9 Be90mhefviftret ri ¢ Agar ose
Bead with Uni i ze Regions:
| nt er nal Strug u?sggamloﬁ I ng@é‘é*\?@%@% g%d @28%85’9@5 I?‘rllders W th

i nproved bi ndmrgplmnqﬁblgltdhsimlwemulmfetrmaﬁrst 0I| batt{aaaqmedatadsonStanIm Exanpl e 3A
were nodified t . emm|. W th. |t £ 1.nal
modification Ségg&h éé 8@“% énﬂjls@ft & ttﬁa%llmésg |s%ﬁntﬂﬁioq1'sd|'.hggﬁllgs$d\p%

br onopr opane ¢heh pamped theauighia 0 BREWN12.7mm) diapeter, 6 itheg (152 drds) lorgKencs of 5M NaCH,

1 200, Y S SR B AR "

Selectivity te%q, smrutaﬁﬁauﬂoga\eamseagshmwsrwﬁ@dﬂmeawnha largest paridd Exanpl e 3E.

Asymetri c Agagrose t nyi ronnent d Two Di stinct
Pore Size Reg @W@te'ql?ﬁ@mmh] rbg?‘{;ff@ gh e ef’W&b‘m"F\? gﬁ@lofﬁf@ e at i on
exchange ext epder sndwieldd to yigd @u&d sk PRl gedd 75 tor1e8\ah. IThe Bdags werk thiely [ 96]
Beads from Exanple 3A were npdifjed identically to Exa,gglle 3Cwth two

addi tional fi ﬁEQFs“Fl'@H?‘F@@@B toghe raethods tayghtindioralet al. TAar drEuzives Ry e t hen

nodi fied with bronopropane sulfonic acid (BPSA). In a jar, 10 g beads, 30
m of 5M NaOH, 7.2 g BPSA were added and agitated overni ght at 50C. The
beads were washed with 500 nl of MIIi-QC) quality water. The beads were
then nodified with bronmppropane sul font% acid (BPSA). In a jar, 10 g beads,
30 M of 5M NaOH, 7.2 g BPSA were added and agitated overni ght at 50C. The
beads were washed with 500 mMl of MI1i-00 quality water and then stored in
20% et hanol . Selectivity testing results are shown in Table 3. [ 97]
Table 3. Selectivity of Asymmetric Agarose Beads Exanple |gG Peak (CV)



Lysozyne Peak (CV) Peak Separation (CV) 3B 19.7 25.7 6.6 3C 18.2 28.3 10.1
3D 20.4 29.8

WO 2012/015379 PCT/US2010/002119

chromatography, electrophoresis and gel bound enzymes. Desulphated and reduced
crosslinked agar and agarose in spherical bead form", (Jounal of Chromatography,
vol. 60, 1971, pp. 167-177), the disclosure of which is hereby incorporated by
reference. The beads were then modified with allyl glycidyl ether (AGE). In a jar, 120 g
beads, 150 ml of 8M NaOH, 30 g sodium sulfate and 100 g of AGE were added and
agitated overnight at 45°C. The beads were washed with 3 x 500 m! of Milli-Q® quality
water. Selectivity testing results are shown in Table 3.

[085] Example 3B. Asymmetric Agarose Bead with Unique Chemical
Environments and Two Distinct Pore Size Regions: Internal Structure with standard
cation exchange functionality

[086] A portion of the beads made in Example 3A were modified to create a
standard cation exchange material. The beads were modified with sodium meta-
bisulfite. In a jar, 60 g beads, 47 ml of Milli-Q® water, 7.9g of 50%wt NaOH and 23.4 g
sodium meta-bisulfite were added and agitated overnight at room temperature. The
beads were washed with 3 x 500 ml of Milli-Q® quality water.

[087) The beads were then coated with 6% agarose according to the
following method: 50 mi of the beads were then mixed into 300 ml of 6% agarose
solution (D-5 Agarose from Hispanagar) to obtain a slurry. The agarose-beads mixture
was added to 1000ml of mineral oil at 90°C under constant agitation to obtain an
emulsion in which the oil phase is continuous. The emulsion was then pumped through
a 0.5 inch (12.7mm) diameter, 6 inches (152.4mm) long Kenics static mixer (KMR-
SAN-12) at a flow rate of 3L/min into mineral oil at 5°C. The resulting agarose beadsl
had an estimated external layer thickness of 10um and the bead population was
predominantly single-cored. (>50%). The beads were settled, washed with of water,
ethanol and then water and sieved to yield a bead size range of 75-125um. The beads
were crosslinked according to the method taught in Porath et al., "Agar derivatives for
chromatography, electrophoresis and gel bound enzymes. Desulphated and reduced
crosslinked agar and agarose in spherical bead form", (Jounal of Chromatography,
vol. 60, 1971, pp. 167-177), the disclosure of which is hereby incorporated by
reference. The beads were washed with 3 x 500 ml of Milli-Q® quality water.

[088] The beads were then modified with bromopropane sulfonic acid
(BPSA). In a jar, 10 g beads, 30 ml of 5M NaOH, 7.2 g BPSA were added and agitated
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9.4 3E 20.6 29.7 9.1 [ 98] Exanpl es 3C-3E teach an asymetric
agarose bead whose internal bead structure is nodified according to the

i nvent i vewoebtradsamwt h t he external structure bei ng nodi Pcedseeiaoeciseri es of
standard cati on exchange net hodol ogi es. By conpari son, Exanple 3B teaches

an asymmetric a w th the inte. , ruct ure being
nodi fi ed by sté%’(‘igﬁat bﬁ%&g&eﬁ%\ﬁe&e ?‘ﬁ%ﬂlg‘%b m%}%"ﬁp@é‘fa @gﬁ? %’C shows t he
separati on bethsaeiorel ;1208 ethahyl SSeitgtivity festing @6l a&fshévhﬁn Tagledm vol unes (CV)
needed to elute the ro e| n@ gurl g[ §§d| u ride %hadi nt elution. It
is clear that Exanfl 3 é‘%ﬁ K @'°?§ Yi' Q,quug rcial agarose
resin, provi deénaroﬁméntd éhﬂ TWE DiRtindt PopdISIRERHRAS Iritdfal SRtuRY vatth Grivertive [ ono]
However, Exanples 3C-3E, with the internal structure containing the

i nventive net iNsHod;Galiopieksbanag extendarsiwih impraved Rindingstienathiselsetvibhe two pr ot ei ns.

[0101] Exanple 4 Sgjogct Apbriioh of BE badas midi iR egkmple 3A were mddiié@Rlcrehie0 pr ot ei ns of
di fferent net charge and nol ecul ar weight were used to test the nature of

the sel ecti vi ©§tiopexcyangaexendens vwﬂawmveqmiw strepgihisalpctivity Theeads sknge ( CEX)

condi tions. Aw&ﬁéhw{tﬁsdéfm@ofMnlmw&e%ﬂhﬁe&é@nﬂ&aQet%al(ég’fﬁé'we%lké(c' onal 19G
(Sigma) and 0.5 ny/ ysoz&m (S gma) nmV acetate buffer with NaClto

gi ve conducti \HOML) e éﬁ@déQ a LABOEBUQN@P@‘HIQIQQJ? 11 aams of 2easttemislardgnedhybol urm at 200
on the. medi a v ﬁ%ﬂ%}‘ﬁ%@%g%ﬁ@@g‘%ﬁsﬁfx%& B4R, 200 on hr
using a 30 CV ONQQJIamg obgiaeuna® 2059 (GIBAYdn aamlasic)bagBTf@rptast@rbag Wes maceﬁo nS. The peak
o, Soch o S ARt T el PR ) L e
5. Det er m nat itremspart urﬁ;whicmcxmv@eﬁetassemb@trmugh &bvrioprBysterns Wvexposure lab

unit with an "H" bulb. Time of exposure is controlled by how fast the assembly moves

through the UV unit. In this example, the assembly moves through the UV chamber at

15 feet per minute. The assembly is allowed to sit for five minutes before the bag is

removed and the beads filtered and washed with 500 mL of Milli-Q® water.

[091) The beads were then coated with 6% agarose according to the

following method: 50 ml of the beads were then mixed into 300 ml of 6% agarose

solution (D-5 Agarose from Hispanagar) to obtain a slurry. The agarose-beads mixture

was added to 1000ml of mineral oil at 90°C under constant agitation to obtain an

emulsion in which the oil phase is continuous. The emulsion was then pumped through

a 0.5 inch (12.7mm) diameter, 6 inches (152.4mm) long Kenics static mixer (KMR-

SAN-12) at a flow rate of 3L/min into mineral oil at 5°C. The resulting agarose beads

had an estimated external layer thickness of 10um and the bead population was

predominantl.y single-cored.( >50%). The beads were settled, washed with of water,

ethanol and then water and sieved to yield a bead size range of 75 to 125um. The

beads were crosslinked according to the method taught in Porath et al., "Agar

derivatives for chromatography, electrophoresis and gel bound enzymes. Desulphated

and reduced crosslinked agar and agarose in spherical bead form", (Journal of

Chromatography, vol. 60, 1971, pp. 167-177), the disclosure of which is hereby

incorporated by reference. The beads were washed with 3 x 500 ml of Milli-Q® quality

water.
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[0104] After addition of the surface reactive group, ally' glycidyl ether
(ACGE), representative sanples of the exanple nodifications taught above
wer e washwo 2arxbis37or at ed with aqueous brom ne as fol | owecTASHXOMIR Of 10%
NaOBr (20nL) and 50mM Sodi um acet ate (80rrL pH 4.5) was made. The brom ne

concentration ins solutjon titrating, 100uL of AGE in
o ot s (o815 e B B ion i B HepmoaREne PYlois 8RE vt 1 ¢ e

broni ne sol ut [BRSAYIHA jhr, 1dg€be§Us(BUrﬁ1@meéUH par sspsv\wdrevdaumnu agliaat ed conpl ete
reaction of the ACE surface group Det erm ni ng t he

equi | i bri um pPBIEat l§p T ThePegdsyvers ‘t’%ﬁ[‘ed wih sod %EWB‘?@WWWQH'@ or

equi i brium Cﬁa@@&br@?{mfm% efafdl SelectivifjaefIRPEsUMS Sre sRIWAR Tdble 3t he exanpl es above
and comrerci al benchmarks were deternined using the foll ow ng nethod: 1.

Bead suspensions ([083k Heanels SRefymmatie Agrirse Spadibiynigugphesicah 't he
appropriate eﬁh\hrbﬁrﬁgnétah@‘f‘wpﬁgtfn@t@o(e@eméb&Jﬁ‘sr lnteﬁﬁﬁStfﬁ@twe‘%vnmnven%ve The bead

suspensi ons were stirred sanpl es were etted into three 15 niL
pl asti c coni caethed;pation e@hangﬁeﬁgﬁerwﬂh impeevesrhindiap ﬁtre@ igelecdvity( Feed, al |

proteins were pol yfb%&%”%ea?éffb@é‘a@ﬁgmf‘hge'r&@ufedﬁ&e‘ﬁué b%xa?ﬁ d 4t iy buffer was

added to each tube es were capped an rotated slowy
(<10 rpm on amaddatxmhﬁﬂabmdtfmaibmstﬂsaﬁédadbws Thé&sheads ware thempdified with he beads were

al T owed to_Sehbhen@ad Qub LEAM00 Nap B EREI0 e ARG 7942 Ler bl nding

6. The UV abs was conv 'n-concentration using the
appropriate eBPSAnwereaddedamfafgltatemrnfghtrat 50‘1@ The behdp wereaiashed mith 500%e nass

B e e R P oB MRl SRR e R SR TooLe
are shown in Table 3.

[095] Example 3E. Asymmetric Agarose Bead with Unique Chemical
Environments and Two Distinct Pore Size Regions: Internal Structure with inventive
method; cation exchange extenders with improved binding strength/selectivity

[096] Beads from Example 3A were modified identically to Example 3C with
two additional final modification steps as follows: The beads were then modified with
bromopropane sulfonic acid (BPSA). In a jar, 10 g beads, 30 ml of 5M NaOH, 7.2 g
BPSA were added and agitated overnight at 50°C. The beads were washed with 500
ml of Milli-Q® quality water. The beads were then modified with bromopropane sulfonic
acid (BPSA). In a jar, 10 g beads, 30 mil of 5M NaOH, 7.2 g BPSA were added and
agitated overnight at 50°C. The beads were washed with 500 ml of Milli-Q® quality
water and then stored in 20% ethanol. Selectivity testing results are shown in Table 3.

[097] Table 3. Selectivity of Asymmetric Agarose Beads

Peak
lgG Peak Lysozyme )
Example Separation
(CV) Peak (CV)
(CV)
3B 19.7 25.7 6.6
3C 18.2 283 10.1
3D 204 298 9.4
3E 20.6 297 91
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Equilibration Buffer Feed for Static Capacity EQ and Feed Protein Protein
Concentration (g/L) Cation Exchange Low lonic Strength 50mM Sodi um Acet at e
wi t h NaClwopbi2di15gy& 2. 5 PCT/US2010/002119

Control
SP-
Sepharose

204 26.1 5.7

Fast Flow

[098] Examples 3C-3E teach an asymmetric agarose bead whose internal
bead structure is modified according to the inventive method with the external structure
being modified via a series of standard cation exchange methodologies. By
comparison, Example 3B teaches an asymmetric agarose bead with the internal and
external structure being modified by standard ‘ion exchange methods.

[099] Table 3 shows the separation between IgG and Lysozyme in terms of
the column volumes (CV) needed to elute the proteins during a sodium chloride
gradient elution. Itis clear that Example 3B and SP-Sepharose Fast Flow, a
commercial agarose resin, provide a similar separation between the two proteins.

[0100) However, Examples 3C-3E, with the internal structure containing the
inventive method, provides a much improved separation of the two proteins.

[0101) Example 4 Selectivity Testing Method.

[0102) Two proteins of different net charge and molecular weight were used
to test the nature of the selectivity or separation factor under typical cation exchange
(CEX) conditions. A mixture of a protein containing 0.5 mg/ml polyclonal IgG (Sigma)
and 0.5 mg/ml lysozyme (Sigma) in 50 mM acetate buffer with NaCl to give
conductivity 10 mS at pH 4.5 were applied to each sample column at 200 cm/hr (7 cm
bed height, 0.66.cm diameter) such that the net protein loaded on the media was 10
mg/mL. The protein mixture was then eluted at 200 cm/hr using a 30 CV NaCl gradient
starting at 10 mS and ending at 80 mS. The peak for each protein was recorded in
terms of column volumes (CV) from the start of the elution gradient (dead volume was
corrected).

[0103] Example 5. Determination of Surface Reactive Group Concentration

[0104] After addition of the surface reactive group, allyl glycidyl ether (AGE),
representative samples of the example modifications taught above were washed and
titrated with aqueous bromine as follows: A mixture of 10% NaOBr (20mL) and 50mM
Sodium acetate (80mL, pH 4.5) was made. The bromine concentration ins solution was
calibrated by titrating 100uL of AGE in water. A 10mL sample of surface modified bead
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Cation Exchange High lonic Strength 50nmM Sodi um Acetate with NaCl, pH 5 1gG
2.5 Anion Exchange 25mM Tris, pH 8 BSA 4 Hydrophobic Interaction (H C 25nM
Phosphat ewei20t/@s58M Na2SH4, pH 7 1gG PCT/US2010/002119

was titrated with the bromine solution until the bromine color persisted which indicated
complete reaction of the AGE surface groups.
[0105) Example 6. Determining the equilibrium protein binding capacity
[0106) The static or equilibrium capacity for each of the products taught in the
examples above and commercial benchmarks were determined using the following
method:
1. Bead suspensions (10% beads) were made out of each
sample in the appropriate equilibration buffer (EQ buffer, see Table 4)
2. The bead suspensions were stirred and 100 yL samples were
pipetted into three 15 mL plastic conical tubes
3. An appropriate protein solution (Feed, all proteins were
polyclonal from Sigma-Aldrich, see Table 2) in EQ buffer was added to
each tube (10 mL).
4. The tubes were capped and rotated slowly (<10 rpm) on an
Labquake rotator/shaker.
5. After 16 hours the beads were allowed to settle and a UV
reading was taken of the solution after binding.
6. The UV absorbance was converted into protein concentration
using the appropriate extinction coefficient for the feed protein and the

mass balance was used to determine the saturation capacity.

[0107]- Table 4. Buffer conditions for equilibrium capacity experiments

Equilibration Buffer Feed for Static Capacity

Protein
EQ and Feed Protein Concentration
(g/L)

Buffer Type

50mM Sodium
Cation Exchange Low lonic Strength | Acetate with NaCl, IgG 2.5
pH5
50mM Sodium
Cation Exchange High lonic Strength | Acetate with NaCl, IgG 2.5
pH5
Anion Exchange 25mM Tris, pH 8 BSA 4

25mM Phosphate with

Hydrophobic Interaction (HIC) 0.8M Na,SO,, pH 7
. 2 4

IgG 1
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1 [0108] The protein binding properties of the nethods taught
herein were exam ned for total protein capacity for several different
bi ndi ng cwodbtzmasand protei n separations. Fromthe companatéweormxanpl es
1A/ 1B1 2Al 2C and 2D/ 2E it becomes apparent that the addition of an allylic

surface reactive g S the ft t ender density such
that the protein cﬁ%‘gﬁ t'\? P19 %ﬂ}ebér{? gp?ﬁﬂﬁ?%ﬁ@%ﬁ‘?%ﬁ%ﬁggﬁ‘gmp%rno surface
reactive ]grOupxaﬁlGMMtonr&tﬁgeﬁpﬁ&fyforIsévefa*diiméremdldycﬂuﬂjltlohm]gag)wirﬁSe be?d
capacity for i.S 10x_hi or the grafting
to a surface F%’QE”P?’\? CO’EﬁaEﬁH exaﬁ‘p'esw%%’%ga’?#«b’@bﬁw Staught herein
al so nodi fy t Bgpafedthdl the abdhﬁlﬁllom awneemt:@rea@weigimmﬁ rovek @@ glited he | gG
capacity for anpl es 1D/ 1E and 2A/ 2 rV%’qE‘G Addi t| onal Iy, Exanpl es

1D and 2A ar e PRIERIr gHEderdsngly Fign Fr@@h%E’mﬁSH capaciy, SgfcAtly ¥erSUSRegar dl ess of

the base matringno §@ﬁ6@r§§:tlw%r@llb%&7@*no%¥t9ﬁdéﬂd arRSSVIRRIB, thé Agar@@¥t ender
chem stry can be tuned to t Pal’tl cul ar binding condition. For certain

protei n purif peasicrrasityfordais geayt 10xhighere 0 g ys.Bil Hd fonthe 6BAIRG ifons occur at
hi gher salt cgmgg;efﬁ?%émgmuwhl ch can be problematic for sonme ion

exchangers. r exanple, the control resin (Fractogel (r) S)

shows a reduction (Oﬁoqmmlme@odﬁdw@theyewaﬁonntg@tm)r@ﬁnsmdmasgen@ ashe
conductivity B{\rﬁc{ﬁkﬁi@&}/ 1@‘@8 '%E’E%WPEQ“B’%% This is perhaps due to
a decrease in e b ndi tr e resin "1gG [0112]

Usi ng the graftingloat rmwortaﬂwémmpleeﬂ@uam 2Paareée§|gn@ tdbiod lg&<ibeH Hi ndi ng
capacity for i L to 16n6.can be

i nproved as dgﬁr#tg);ﬁ&@ﬁégfnggg “{gﬁl%%g;&nf)rﬁ%@g?egﬁ %Egégggetﬁ%@gﬁéﬁi he bi ndi ng
properties of pd)lhmrrtlthendmnhelunstrymlmétumgmrﬂw rzaﬁsularfmnblag;eandiﬁmr Fot, creating

hi gh capaci ti tivit % [ease in

bi ndi ng capaci ?rg?mlfﬁoieér}pqlﬁc%@ pgogﬁsa‘.ﬁ ﬁfgrqgsnrgq.ﬁpcgng clgrg%‘oﬁssoc?lﬁg? r59&%%“ ve | oadi ng
of 1gG at hi ghatrconmentehtiars] whidhicers bedrolidmatixoesoche |dnfe&ch|ang°efser condi tions one
skilled in the art_could use rate protej i rest from

mpur i Li es. o1 5y el SBRR s acele S afPs MBI < n any sampl e
D epar ati ve E?Ei“@%*ﬁ"%%‘fb“““@" o eif"r"g“""ﬁ““”"mmsmm?ith.“ﬁn sampl &
et e fugat i oREHoTdRe TS BATEATs A3 A ey e Mol sTeoRet b 8y o

di agnosti c t ewrigeg; transport of chenical s; transport of bionolecules; high
t hroughput screeni urjfication of aliquid

; affinity binding assays; g
sanmpl e; si ze- basedloggéatl’%{lglul?ﬂ'%‘f"gmg‘o&)‘ Héfﬁ"‘s gsing fiereape bipd @%npl e;

physi cal pr Opeéﬂabn@%rwgn ﬁ&@a’%fn@ﬁﬁe%ﬂnd@&w@%nﬁ&?r@@ﬂ'@ﬁé San®k wﬁd?&«eé luid sanpl e;
chem cal properties based separation of the conponents of fluid

sanpl e; bi ol 08t ¢eonialsg byixamele HaawlPBs BRraagein A b'ﬁ‘#'"&ﬂﬁ@eﬁ@ﬁ?{(yﬁéﬁﬁ"s of the

fluid sanpl e; o4 RGdde®RhaHkss PHAB Rialik RFcalyIRA caRBRsaH 1M @hduciity, component s
of the fluid garrpl e; ﬁ corrbégﬁatafnoﬁ%at her e(():f§ﬁ F%ll 6im;The |ﬂ€yent| on al so

provides kits aWﬁneHmmySO&emwéa inthinding apaeily endeptaose conditions. This enables
the effective loading of IgG at higher conductivities which expands the buffer conditions

one skilled in the art could use to separate proteins of interest from impurities.

[0113] The present invention can be used with any sample preparation
methods including, but not limited to, chromatography; preparative protein
chromatography electrophoresis; gel filtration; sample centrifugation; on-line sample
preparation; diagnostic kits testing; diagnostic testing; transport of chemicals; transport
of biomolecules; high throughput screening; affinity binding assays; purification of a
liquid sample; size-based separation of the components of the fluid sample; physical
properties based separation of the components of the fluid sample; chemical properties

25



bi ndi ng capacity of porous structures with diffusive pores by addi ng

pol ymer extenders to the surface without filling or blocking the diffusive
pores, amsionertasidi ng di ffusion of proteins and the |ileTdiseongonndt ei n
separations. The pol yner extenders added to the surface of porous

[0115) "The ©epieed Rpbliel i BooRer B 168 PADE Hofcalb iRea GRAETC o'
conmbi ned i n aseparaidneof ha coramaentsan thie floill sanfipte; elespstatie ptopertieschiaséddual | y packaged
catal og (e 0. SHBRIEE BEPoRe! B U EIE BB BB BAP ROt e cat &l og).
[0116] The inventi jog14rmklnvartiomaioReiaieskits Waidgay tivassed to incrBsd tecr ease t he
R
di ffusion. The thdwigitdeiwtRouBfliRg b BIEkRGHE Bilusi@ pbras! ahY re§ifdtifg diffueidmofal so al ter
the resin's binding strength and selectivity, which are two critical resin
g

properties neB@lels ftthelke Being potessgpasitianss Bl Mpiiendersadded ke herein, this
can be readi | yueaq Dbl ghRGnNEIERELY BEigHendhdkoqp OF monOMEr

conposi tion used. Finally the inventive grafting nmethods as taught herein
can al so produce elRthdeeemrfitcincludas or sxammes eash plthariongenegtscapacity at

hi gher conductintideY in a single gacklg%,l&au .omn@comp;ﬁrﬁe'nfgzrggggﬁnlggacﬁﬁea bnfdRve may

enconpass mnul tiple distrnct ventions w _ nt utility. Al though
each of t hesetogethesor eephof theeontperantsdvesenteskiegethenin a calalpg (@ige pp thel sdre n(s), t he

specific enbog%%%gaq?jlbl%ta?qeﬁsgg‘eg@ﬁéh(egi’cg@é@sed and illustrated herein are not to

be consi dered ause nunerous variations are
possi bl e. The subj ©t16) ne inventive grafting nathodsas taugbt hereinl cac ssreagelthenovel and

Py ous ORI DRI A I AR T
particul arly poface withot filirgrthespore and ndsirioting iddfusonafie invettive grattingrnétoods r egar ded as
e ey e S8 e B A M 0y e
cl ai med i n appoiceiihl resirspropesiieseadeddfon effedtiveyprotein sepatatichs s taughtelereingd
Bl Loat O Rl 6 A RSy S e ol 5T 7 0 1
scope to thecdipogiionaked Fifdlithe inkbriive grafingmedRtsigsctauyit Heruir danleio Wi t hi n t he
AR LWL R M S KN R A
pores and surface oefgiTheéQistiiariserfartneBovelinylehdRphdsimufiple difcd met hod
conpri st hg' inventions with independent utility. Although each of these inventions has been
/ disclosed in its preferred form(s), the specific embodiments thereof as disclosed and

illustrated herein are not to be considered in a limiting sense, because numerous

variations are possible. The subject matter of the inventions includes all novel and

nonobvious combinations and subcombinations of the various elements, features,

functions, and/or properties taught herein. The following claims particularly point out

certain combinations and subcombinations regarded as novel and non-obvious.

Inventions embodied in other combinations and subcombinations of features,

functions, elements, and/or properties may be claimed in applications claiming priority

from this or a related application. Such claims, whether directed to a different invention

or to the same invention, and whether broader, narrower, equal, or different in scope to
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a) providing a porous substrate having diffusive pores and surface reactive
unsaturated functionalities attached to the surface of the substrate.;

b) provi dvogor/@sd7ati on conprising a grafting nononmer oPCa/UsRKDO0H1Df
grafting nmononers, and a sol uble radical polynerization initiator; C)
contacting the substrate with the solution:. and d).initiating free radical
pol yneri zat i oﬁ'eBEQ"\‘ﬁigﬂm?'ﬁ ogrﬁIre}gg@gg?Ségcil{dfeq/gltt\ﬂﬂgediubﬁgp@her Lh%ti onalities on
the surface ofnvdnfiensdths presenedistiosuré.ne grafting nononmers or mxture of
grafting nmononers by the introducing the free radical polynerization
initiator in the solution to form polyneric chains coupled to the
substrate. 2. The nethod of claim 1, wherein the substrate is selected from
t he group consisting of porous polyneric beads, porous agarose beads and
porous ceram c beads. 3. The method of claim 1, further conprising after
step (d): e) washing the substrate to renove any excess unreacted grafting
nononers, m xture of grafting nononers, or unattached pol yner chai ns,
resulting in a porous substrate having a protein binding capacity greater
than 100 g/L. 4. The nmethod of claim3, further conprising after step (e):
f) coupling ligands to the polyner chains attached to the porous substrate
surface. 5.The nethod of claim1l, wherein the radical polynerization
initiator is selected
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fromthe group consisting of anmoni um persul fate, potassium persulfate,
azobi s(4- cyanoval eric acid, Irgacure(r) 2959,

2, 2' - azohwe(Br2ansxtp no- pr opane) hydr ochl ori de and conbi natcomns2iloeoraes . WO
2012/ 015379PCT/ US2010/ 002119 6. The nmethod of claim 1, wherein the

unsat ur at ed IN#E&M onalities are conprised of allylic groups. 7. The method
of claim®6, ®n the al | ylic groups are conprised of the formul a

R- O C12- CH=CHyHATh®CERAIED $5:t he porous substrate surface or a |inker between
the surface and the allylic groups. 8. The nethod of claim1, wherein
about 20 to about 400 pnol/nL of surface reactive groups have the fornul a
R- O CH2- CH=CHE,  WORERoddf nddifying a BEtb A sEbstria hhvif difuSivy for@nd@surfdce! | nker  bet ween
the surface and the allylic groups. 9. The method of claim1l, wherein the
grafting nmonoffiaftye rsalyaled finetiopalitiep: said MetBPdPEMBIIFlEs are sel ected fromthe
group consi sting of mnet M AVARE=To's rylic acid,
2-acryl am do- 2- net hyl - 14-7%?3%@%%203?“? %%Sgétgﬁﬁtg dﬁfgé“)é(pr%g% ﬁiggsrugiﬁ%yl an no)
propyl] tri meteagtiveniseiiratethiunptopalitiesattached torta surfaag of e substrales aci d, itaconic
acid or ethyl vinyl ket - i . 1 acryl am de,
acryl am de, hydroxypr op@Iraﬁryr'g'&%gdrlL@%@?@“W#@#?@P%?&%@?ﬁ f(lglr oxyl propyl
acryl am de, apmfticpmiriomeatsi ads solhide rdital polynterizaibeiniigerhod of claim 1, wherein

t he diffusive poreilf)nAct)krlrggnﬁagﬁp(agfesﬁg@g%g@hg‘egg}mgn%ngore size > about 100 A

and < about 1 p. I a porous chromat ogr aphy bead
havi ng di ffusive pores dy initiating fréeradica pdlynmesizatiombatweee tesurthee eactsai d net hod

conpri si ng: . r.ovi di n r.ous r onat oar aphy. bead havi ng
di f Fust ve. por desaugted pipaalids QRS foct 8L e BBt e SR HRRE

functional i ti esmigtarepf graftinigandnbreers by th@inteaducing the free radical polymerigationvi di ng a

sol ution conprisin rafti nononers. qr a mxture o rafti ng nononers,
2nd " 9ol ubl 6 MeEaNELF sgf) ReeTa0E theirs Pufest e Sudhad 6) contacti ng
t he chronmat ography bead with the sol ution; d) initiating free
radi cal polynerizatio ef ween the surface reactiye unsaturated

ot onali 1 8s. oerTRRoR e aneid Ug TRy SEHEMEIATSION xt ur e of
grafting nonogsysstingf fofstis paljrene beads, PBro@s adakdSe beadkd &malpord® dsrariid zat i on
initiator in the solution to form pol yner chain extenders coupled to the

bead:; beads.  ¢) washing the bead to renpve any excess unreacted
grafting nmononers, mxture of grafting nononers, or unattached pol yner
chains resulting in a porous chronatographx bead having a protein binding
capacity greaBer theaiethedof clgim 1. fusther comprising after step (d):

e) washing the substrate to remove any excess unreacted grafting

monomers, mixture of grafting monomers, or unattached polymer chains, resulting in a

porous substrate having a protein binding capacity greater than 100 g/L.

4,  The method of claim 3, further comprising after step (e):
f) coupling ligands to the polymer chains attached to the porous substrate

surface.

5. The method of claim 1, wherein the radical polymerization initiator is selected
from the group consisting of ammonium persulfate, potassium persulfate, azobis(4-
cyanovaleric acid, Irgacure® 2959, 2,2'-azobis(2-amidino-propane)hydrochloride and

combinations thereof.
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) coupling ligands to the polyner chains attached to the chromatography
bead surface. 12. The nethod of claim1l, wherein the porous

chr omat ogwephiz/iemd i s sel ected fromthe group consi sti mgTafS2@oloyrmey i C
beads, agarose beads and ceram c beads. 13. The nethod of claim 11,

wherein the radical I ization initiatqr is selected fro roup

consi sting of ganﬁ@ﬁin%&o%gﬁim ﬁgp%rfamr%etuagag r%ﬁq gﬂ%‘il'%'l? 'tlegFr(S,corH‘%%q(g( 4-
cyanoval eri c aWyiichroups.gacure(r) 2959,

2, 2' -azobi s(2-am di no- propane) hydrochl ori de and conbi nati ons thereof. 14.
The nethod of claim 11, wherein the unsaturated functionalities are

conprised of all yfheGnedb®oieRim 6, WhereihliR almbP@ubs@frecbtnaﬁséu dfhe fofiRilaei n t he
allylic groups are conprised of the formula RO CH2- CH=CH2, where R is the

porous subst r §tQCEurH R WhereR if the rerpussHbsiiate sufaqe o fipkes beweaAde: e al I ylic

groups. 16. ThRcdmiRdigE gel@i m 11, wherein about 20 to about 400 pnol/ni
of surface reactive groups have the fornmula R-O CH2- CH=CH2, where R is the
por ous chromat ography bead or a |inker between the surface of the bead and

the allylic ggoUpPfe meﬂ%d of & ﬁ? ﬂgih&@ﬂ a%utﬁ@ia%uiaqogﬁ%grg@%ﬂuﬁé%@ grafting

nononers or mxture of graft NDNOMErs are sel ec romthe group
consi sting of resetive arevpsihavedke fortiaR-Q1Cle-CHaay whate B isdhengepus sbbliatat i ons

t hereof. 18. l]m@e&%qim%g%egx/eﬁﬁllr@isgﬂ‘a%&and"{ﬁbeéllgicgrog > di ffusive pores on the

por ous chr omatsogr aphy ave ore siz out 100 A and < about 1 p.
WO 2012/ 015379PCT/ US2010/ 002119 19. The nethod of claim 11, wherein the

| gands are S@.l ecfh%%eth%&’ﬁc‘anﬁ gfh&ﬂ@ ‘“@Wéﬁwéﬁc e(?g or%)gtﬁggfﬂgﬁhbon exchange

groups, sul phopropyl,”  sulfoni ¢ "aci ange
t ri met hyl anmomonomecsdreseleadted frove tke gmap capsistiag ofragtigperyptes gogylatesar boxyl i ¢ aci d,

weak ani on exchan ar oups N di.et hyl am.no . hydrpophobi c interaction
groups, phenyf© @ﬂgeﬁsa}cryﬁg?%. 5'8%%@09 ﬁ‘ﬁ@wﬂip&’p‘ﬂ?i%%@ﬁ%'ﬁﬁég [éa?md affinity
groups, Prot e{metifscryBylartino) profyl] témethylamatoeium chloride ZBacrylamédorghyctliodcidiccor di ng to
any one of claims 7, 8,.15 and 16 wherein t inkers are selected fromthe
group consi st ?%an'ﬁ?c'drf’é?tﬂéé"f‘glk%?@: glwﬁgegr}acggﬁy*@;ﬁ(mg@lacg B des, ani nes,

but anedi ol di gyrigrhiek; hydedxaespyl regdhackylall R-Dyehyiadrylariod, Wedrdxylbrepyedi ol di gl yci dyl

et her, ehtyl enedi ol di qy ﬁj dP/I et her, allyl chloroacetate, allyl chloride,
al Iyl (chl or o) &¢ 'P@P%qg%) lations thefeoly| yci dyl ether, allyl bromide, allyl

met hacryl ate, and conbi nations thereof. 21. The nethod of claim4, wherein
the ligands are selected fromthe group consisting of strong cation

exchange group$, Hm"mewf&&w!,“@ﬁfﬁﬁg}eidéfua@m!esan#%w@waﬂ@ hg¥eoups,

trinethylannnghggg@pigkhﬁmgAwm@ka&ﬁfjQn exchange groups, carboxylic acid,
weak ani on exchange groups, N, N di et hylam no, DEAE, hydrophobic interaction
groups, phenyl groups, butyl groups, and propyl groups, and affinity

groups, Proteifl A mBr&fdtinBdiffing 8 PStold cRiofiadgraphy bead having diffusive pores

with surface polymer chain extenders, said method comprising:

a) providing a porous chromatography bead having diffusive pores, a
surface, and surface reactive unsaturated functionalities coupled to the surface;

b) providing a solution comprising grafting monomers or a mixture of
grafting monomers, and a soluble radical polymerization initiator;

c) contacting the chromatography bead with the solution;

d) initiating free radical polymerization between the surface reactive
unsaturated functionalities on the bead and the grafting monomers or mixture of
grafting monomers by the introduction of the radical polymerization initiator in the

solution to form polymer chain extenders coupled to the bead,;
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e) washing the bead to remove any excess unreacted grafting
monomers, mixture of grafting monomers, or unattached polymer chains resulting in a
porous chromatography bead having a protein binding capacity greater than 100 g/L;
and

f) coupling ligands to the polymer chains attached to the

chromatography bead surface.

12.  The method of claim 11, wherein the porous chromatography bead is selected

from the group consisting of polymeric beads, agarose beads and ceramic beads.

13.  The method of claim 11, wherein the radical polymerization initiator is selected
from group consisting of ammonium persulfate, potassium persulfate, azobis(4-
cyanovaleric acid, Irgacure® 2959, 2,2'-azobis(2-amidino-propane)hydrochloride and

combinations thereof.

14. The method of claim 11, wherein the unsaturated functionalities are comprised of

allylic groups.

15.  The method of claim 14, wherein the allylic groups are comprised of the formula
R-O-CH;-CH=CHa, where R is the porous substrate surface or a linker between the

surface and the allylic groups.

16. The method of claim 11, wherein about 20 to about 400 pmol/mL of surface
reactive groups have the formula R-O-CH2-CH=CHz, where R is the porous
chromatography bead or a linker between the surface of the bead and the allylic

groups.
17.  The method of claim 11, wherein the grafting monomers or mixture of grafting
monomers are selected from the group consisting of methacrylates, acrylates,

acrylamides and combinations thereof.

18. The method of claim 11, wherein the diffusive pores on the porous
chromatography bead have a pore size > about 100 Aand < about 1 .
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19.  The method of claim 11, wherein the ligands are selected from the group
consisting of strong cation exchange groups, sulphopropyl, sulfonic acid, anion
exchange groups, trimethylammonium chloride, weak cation exchange groups,
carboxylic acid, weak anion exchange groups, N,N diethylamino, DEAE, hydrophobic
interaction groups, phenyl groups, butyl groups, and propyl groups, and affinity groups,
Protein A, Protein G, and Protein L.

20. The method according to any one of claims 7, 8, 15 and 16 wherein the linkers
are selected from the group consisting of methacrylate, amides, acrylamides,
epoxides, amines, butanediol digylcidyl ether, epichlorohydrin, polyethylenediol
diglycidy! ether, ehtylenediol digylcidy! ether, allyl chloroacetate, allyl chloride,
allyl(chloro)dimethylsilane, allyl glycidyl ether, allyl bromide, allyl methacrylate, and

combinations thereof.

21. The method of claim 4, wherein the ligands are selected from the group
consisting of strong cation exchange groups, sulphopropyl, sulfonic acid, anion
exchange groups, trimethylammonium chloride, weak cation exchange groups,
carboxylic acid, weak anion exchange groups, N,N diethylamino, DEAE, hydrophobic
interaction groups, phenyl groups, butyl groups, and propyl groups, and affinity groups,
Protein A, Protein G, and Protein L.
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