GRAFTI NG METHOD TO | MPROVE CHROVATOGRAPHY NMEDI A PERFORMANCE DESCRI PTI ON OF
THE | NVENTI ON Field of the Invention [ 001] 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&@{: g{)ﬁé ghﬁgﬁwggmléﬁﬁémcgel ectivity,
as well as kits and nmethods relating to maki ng and usi ng the sane.
Background of the Invention r\?8 T ic proteins produced from
living organisns play an in L) 0Ny e i n nodern heal t hcare.
Thelsedprot ei nq;.e[aromgé ﬁheedmnfy a;:lvant Sgefsf over t:adi tijongl phar mtaceutical S,
VATl an § mune. o PeTlonEe R GBS BH eI TEIPAT I8 | gE. I 9 and

| QM[ to contrghy rﬁé?@xtﬁ{db@ ﬂ\?qrﬁeﬂlbﬁ@I?&@Iafe?fo%ﬁr@vePIﬁt§ln%WH039f gengtl c 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&laf}ﬂ 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 lbBlSERRE ol fuPhARREL RS ALY, 0 Provide
(t:) hro ][nfalj[ ograp h_}ncmﬂglydspamammle i0 rr]ousrrl(lj hgaltlmamt Biesrisjprbtanst prokédearfidny ni t y,

loarfinity, I xchan . [ ever ro | i.nt eraction,

hydr ophilic i ﬁ?"gPtg%"%i%&%gg"éti°2§ Pﬁ@?‘iﬁ’%ﬁs "33%’8'" e e&&o&gﬁc(l% i nations of the
af or enent i oneéfiicaay tegandt dase)aseatmgatg 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 ?qr@:% té‘?ﬁ%’ m'f‘ﬂ%%‘ﬁls%tﬁ?a{%ﬁéég‘fe E"I?and t he
stationary p hgaﬁtnmaﬁmdtpmércdmgmmh@@rsandmd mﬁsé@mpg@h baveny Qﬂé@?b&’or nedi a), each
phase. chr omat BPEMIY! REpbeEPelise el Boapeulis e oo A 01 | aol e,

[4] Often thepiegin, ér@m@algmm&ﬁﬁm&m Wfadgm@rn oqfrot@iﬁ @dﬁl@éte forem i npurities
relies on the correct caonbi ion of stationary base matri x and

li gand proper §qb@§ss(qffh@§%4§prgg¢% prqt?"&a‘ﬁﬁf‘oﬂléﬂ?ﬁrﬁ'gpd'eﬁﬂ\f’%bsisf“l‘stj@tndFe | i gand

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

e and
base matrix af®@ eP‘tP’g‘f&’ﬁg Uf"'é%dJF thg mapufactusing Qmﬁ?‘b PRERIEC saAsif® ch can be

characteri ZedanNstr? ﬁMGFe@'|mﬂﬂ§‘f¥en?att|6r{éflﬁb\1eﬁa°dvérﬁ€d mhaag.égraﬁa ﬁbtﬂod&'td”'d' ng capacity
or throughput ectivit bed perneability and chem cal stability.

Purification ﬁ@@mparﬁ@mw@r@ﬂmﬁemwp Vowcﬁéﬁh&@bltﬂh@ peavise these (bi nd and
elute), pr edoﬁ%&\éﬁe@'t&'fp&bEgleﬁgaﬁm(y\u?ﬂ‘dgt' ties (flowthrough) and
o]

conbi nati ons the a nment| one so called weak partitioning and
others). It is crltomjalCqmmqnhb’omategfgmymethodseswtoeuﬂflmﬁd)telgsleciudeo control the

chr ot 001 P G RE BF LR SR MBS yRROKB AL itgilie and ensure

a robust separa pur | [ 5]
Protei n separ mterantm mrexdnsmcaod)mpéd mdutecdcombmatuovamfitteta}ormﬂnenpnmed)us substrates

ol yaacchar i ceaeepigea Pk s Ablug oh aloilded o BTGB UGHY Vot yrene,
chromatography procedures relies on the selectnvnty of surface-surface interactions
between the solute molecules and the stationary phase of the chromatography system
(chromatography media), each interacting with the mobile liquid phase. A wide variety
of stationary phase chromatography support materials are commercially available.



pol ynmet hacryl ate and pol yacryl am de) and ceram cs such as silica, zirconia
and controlled pore glass. These materials adsorb proteins via "diffusive
por es” whwohoermesizypi cal ly about 200 A to 3,000 A, nuchpsmaisk@w/ovhian t he
"convective pores” which are typically about >5pm which control bed

ernmeability and a fo nt er be a n acked.. bed.
Pe Menbr ane and algia MR thedy b s BeoRRR P RBRE 3 AR R0 e
chr omat ogr aphyeliegxmrttie cotréctcdmpbiniation\wt $tétionargphase bbSemtrixfandSIrgaWpearbs menbr ane

conposi tions incluyde synthetic vrn den fluoride,
polrrget hyl ene, { ﬂ]d;;@FH@%/'hdu’Ie?%émgﬁW&\ﬁe ?%?HES'E\BWLV%'{: St h as
cel | ul ose. and mobil¢ pHasd\brzelltioh bﬁbpétﬁéé?btﬁﬁ@r&fpeqm/ﬁd@&ﬁidctfrlw ThsPedifid Y ene,

pol ysacchari des  a nt hetic mers. Menbrane and nonolith

ny other. s
chr omat ogr aph eséﬂ"t"? tB‘ir’TEasg Paix gaigand;resufisn @ CtE’P(é%‘%G@PQY BediavRich38 B¢ b pr ot ei ns

in the sane Qﬂréé@ﬁiéd\b?s@@rraﬂéy a%bt@é‘in&tﬂfh@bﬂ:‘terﬁﬁ?ﬁirn@@ﬁﬁ%@%ﬁ and nonolith
material's perneability. nmbrane and nonol ith convective pore

si zes range f Wﬂ%bﬁ%‘ecﬁv'%ﬁﬁi’ P%ma%?di't)’tamiQ‘t?FHCNLSia@EchPUaﬁféFQ“r"&ﬂl’ﬂo% t hese
substrates ca r ped

t echni ques. ol ﬁ&%ﬁﬁfﬁ%kgﬂﬁggethé;?rg?{ﬂﬂbﬁd 4 elmet ?(r:éagrgm%lk b|%¥%qleér)1der s" to

i nprove prot ermpuwleﬁ@pw@rwbmd t:qrnbmtrpnﬁrgt:therqforereetﬂ@negéqoeelteﬁwe@ky i nvol ves
placing a lig I uch as by
grafting, andﬁ‘l’e]@'t@ﬁ%agﬁgs ; rltgs%t“ﬁﬁn g‘asgﬁim? trh%% t%ﬂp‘@%s WJE%%‘H% ext enders
typi cal Iy creshremajegsaphemedia prefiertigs taaghhaliovginioesienio seabterand ensureradehust i ncr ease

| i gand avail a | e binding exceeds that of a

nonol ayer adsgérpétalhéétr{éfggﬁljfo eﬁfLeg ﬂﬁjr@glr:{ exanpl e, the preparation of surface
nmodi fi ed porous silobsla Rreteie sépatatons oan hmcms)lrshedterea«anemgf@nmus s taught in

S ot o A, B el U R PR RS PR

Chr omat ogr aphpglysaecharide®(agards8 9dalluloée); %metlctpblemets(mlystwamee of which is hereby

i ncorporated b rg{ggrle@ce | %% nd ar met hodal ogi es for
grafting pol yREYeEE¥REaPLPyaeYapde)qn %%Pé"'%?p?& PSICFERTHY surface

ext enders on patrollgd perel hiadst Tessmaterials adsort ﬁrﬂsﬁsﬂ?‘ﬁ(ﬁusm p@hwﬂmf a@r aphy for
protein separ n an of moponers, froma support via
a surface rad 8'5?V€M§E@b2?%éb%m%aﬁ?@w%e CORPCHY PAESMWNCRG™a pr ef or med
pol yner to a ﬁypr@au@attouvssamawmafdomroatedrpgrneamynar{d af farhiel Bgine@katers to").

[10] One earl net hod goupl ing extenders to a resin was by grafting

pol ymer chai nSPaFeSIh? Pag edd;g e matrix surface following initiation of nonomer

pol yneri zation wi t jaogretMenibrank dhdZmdroRA meERmd aé agb doﬁﬂioﬁl?hé%d‘fdfp' cally resulted
in a greater than 50% i ncrease in the protein_binding capacity (See for

exanpl e, US Psirematogrgphy. gartisyiary foy- tWB“QOl?PP'@?t?"S SicalegmbsnBer appr oaches have
been devel Opeebmpegtdﬂstrnaﬁue&hﬂtéut Btﬂ/rﬁe% s%ctbﬁ?@lyﬂﬁ&%énéﬂu%hﬂefﬁb@'ﬁth%ﬁeh dextrans

(See, for exanp Pat ent . Berg); grafting with highly
branched pol yﬁqéyegte(sg@@e nyle: awwcéhaf'msﬂmﬁiﬁ@b@&tz to Amer sham

Bi osci ence), and gpght i Msthavd Bedh aRBBRdGom oy o chdrifds €xampl e, WO
2005/ 098415 to CE qgiee{I tl\p}ﬁgres B}Io Screée?lncéeas ° hgfﬁ%sc surenoS each of these
US pat ents anandgugpy ploersintiietic palymers. Mnrabrarmnémon@tbmhtomabgrem differsher eby

i ncor por at ed ' hydr ophobi c
polyners to _ap%réée:att?régr{}gtﬁ%sse agagalﬁad %@&@é%S&W&E taeggt he protein
sel ectivity owhich qoetgil the membraee and ntooolith malérial spemieabiliy. medmémlgamads Each of
these nmodi ficatd i [ [ rface either
by "grafting %l‘@dn"gdr%é“rt@gg ﬁ{%grrﬁgfzgsur‘ré@é@ﬁ(a Pﬁt‘@gﬁ ?’?ﬁ"g‘&m@&‘f@éﬁ

pol ynmeri zat i oadditiom to'trgps@substratps parl heraecanplishied throaghsaivariety ef well titvalopedent  of
preformed pol pén%]rqy [on] Gafting nmononers from porous naterials
usi ng radi cal f) [YFeri zation reactions is a well devel oped technol ogy. In
general , the reactfoos) craaum”rgand 1t@taeﬁs"fortameratersoubmo\etpro‘tmmamt erial, or

fromanrnrtrator in sol he radi cal

pol yreri zat i off ??‘%ﬁ?‘t’ﬁ%"%ﬁ?‘? a%@t"ﬁtawv%‘@sh'@@'&dﬁllgfﬂ%‘#@ &Wgrﬁhﬂ'@r ating radicals
at the surface via exposure to reactive environnents such as radiati on,
nmetal oxidation and adsorbed initiating species (See for exanple, "Polyner
Sur faces", Fabio Garbassi, John WIley-Sons Inc., New York, 1998). However,
t hese "grafting nononers front approac’hes require very controlled solution
conditions and/or special equipnment which makes their inplenentation
conplicated and time consum ng. [014] When the reaction is initiated
fromsolution, attachnment of a surface reactive group to the surface prior
to grafting is necessary to enable a permanent |inkage between the newy
formed polynmer and the surface of the porous material. Typically, the
surface reactrve group |s capable of further poI yrrerrzatron vvrth the

o o o o o T



[16] Alternatively, an acrylam de can be polynerized and attached to an
agarose matrix (e.g., 15%w agarose), whereby protein diffusion into the
matri x i swef2beatisarel y reduced such that the agarose mat PCI/Usamioogitihe

pol ymeri zed acryl anmi de attached thereto is useful for HPLC applications.

HPLC | beads i |
(HPLC 200! ca e RBP4 B8 A Sl BRI e

di scl osure of ;mfabe;ln:gami di@hdét&«ypldawwgmm bh&ing@b@itﬁﬁ&&use the [17]
However, neither Hou no or su an

acryl ami de or Wﬁﬁé'}creéﬁﬁlﬁ%’@c?"?“gb"f%@‘ tiaﬁgﬁtd’é"?%\"'eé'"g t ogr aphy
support havi ngnofidl J@L@b&ﬁhoﬁeﬁ 08 sudde@F@ielaarﬁmeetna@fe@usnoﬁlémﬁéde maalréu ains its
desired protein ads;

orﬁtlon characteristics When grafting

thermal |y respo/RY Yiea BRipiARdoraise asdan- ‘?ﬂ‘ﬁ%ﬂ"g%'ﬁ Aghtyn Jéf‘%" 6?%u6§506°3ﬁ" be

suppl enent ed v triteinsigh ford¥8 ahd Ndn%"ou@Polﬂbthy{érieﬁmrQ; %ﬁ%ntbcﬂe Wp@ﬂﬁloﬁ 0 inprove
grafting yield of LCST containin (lo critical solution

t enper at ur e) , E(@é@gestKJowaﬁbwomwr@ay é@it52?«|o199@ 7@@@;*2291!3@!0@”@& ers), the

di scl osure of wlh g Rerktsy ,,I,‘bﬂofpg,kg)édlbp@fé;éagg ated by reference. However, these
nodi fications were acconpli she ort having convective pores
(>1pm, wherein thEDOQioaTWQm\dar@mﬁm@bgCs)gvg!@ftlﬂg\mlymﬁr@ﬂemefwav%rrperature
changes and t }1&% QOW reduction
in mcroneter Bgﬁng%@eno%@djfo Tn&&xhﬁ(c{é%&tgndehs’bn%ﬁﬂﬁ’srsu&;ﬁraéﬁ Q'*CE;S?%% ficant length
and density t gsedfin ¢hromatvgraplpvlforgirotetlmszepgretroesndme ikei 1 geitingof nomersight i n US

ncor por ai ed B9 7 anieitfa 2y ek Rt A LA S and b g 171 7o or bl ugs

t he pores. LOBEfopuddypolymer taa suppertvda dncactivatirgrooquip ¢oiatting poiyereesds’). on

h t hy (HI d trat t
Cenperat ur o dependitie” Sie Gt RS BERIMRSH RS = BOLPan s ofrles | car
application i polmoh@s@bmmwna@dwﬁacs fdllowmglnﬁhtlon of monomdr19] In order to
i rat agr o5 hapamBRdoR Al Az selaed bt Bk ER LN g bRt " and
monomer s Whi ckhati 66%lintrgasgnirote gotevdegumgimpaonya sebwrexahfparm Rdtent bl s conbi nati on

of allylic su egctive s and al nmers i s advantageous in
order to mni 514%1988 @'ﬁ'ﬁ@rge% H18r PRgaghes nale Lee“deYe%@TJ'W' "dddi ti on of

pol ymer ext engeifg fo@ basy rRalik sIBdce ittdexpans { e err dxampé, & Ratiafived protein

bi ndi ng capac%%{%ﬁﬁd desired potenti al chan% S inresin selectivity.

However, as p rgifff"‘tgﬂéthf}'%b?fé“cﬂ?ﬂ@ gersdrRs: Reexample ¥ omes nore

critical to * dg04RL 952 Rﬂ\/fhetrﬁﬁﬂﬂ%k@@xb@%n@@?éftuﬂ@hiﬂﬂ%mbﬁbb@rpéiﬂﬁer% @®eEr eate novel
pol ymer structures. Accordin irable to devel op i nproved

protein bindi f?@e’@a]BECWPQOWQﬁ%& @@/H‘P@B?af? %@§@W?§)|Tﬂ‘9d'§‘¥|osﬂ'@r°6us substrat es
used in prot epndeRees @nts%ﬂ%@h’e&ﬁefﬁﬂ%nélWm;hﬁﬁutlodsmebyn response to
t he above needs for new porous substrates, useful for protein separations,
havi ng i npr ov@GOfpﬁf@iefébYﬁefbfﬁMI ng capacity and resin sel ectivi ty, and the
probl ens associ ate t i 1 substrates
havi ng di f fusive pg)r ys %%@%@%’@@ﬁ%%@é’?ﬁﬁg5 ?)8 tﬁéé}n%g%étagﬁders onto
por ous subst r &S Oﬁ@aBéWmmllteglthmqur@@ctivmsofbem dmperledp@dnple [ 22]
Thus, in acco ] - [ met hod for
coupl i ng pol y%@?%@tﬁ%@gﬂ&r%ﬁ?émggﬁﬂ%ﬂéﬁﬁgs%@% Ig@erﬂ:g:\\l)"?%gg%fb %&si ve pores
has been devemalirsrfacesssthériby fgrpfting mohemessfimst’ thatsaerfdea(initation oftadosled pr ot ei n

the. i 7 el vePpUTEeta or BB PAERETA ek ettbimiRter ot 1 BT ' ™

i nvention proypolghes), at |least in part, a new nethod for grafting pol yner
extenders onto por bst rat es havi ng f usj ar.e nd .surface

Feact i ve. unsat ur at O¥grarants B RRT Aotk S HET bttt o cs

i ncl udi ng r adteaetlongis afNéli degeldped SahfoRQE I geaerl| tieregttion fem belintiated ¢adi | y under go

degradative chain transfe {'
a porous surface material, or from an initiator in solution.




[ 24] According to another enbodi nent, the present invention is based, at

| east in part, on a new nethod for grafting polyner extenders onto porous
beads hawvogotdifirsi ve pores and used in protein separarcomns2@aodoiihe |ike,
resulting in the beads having inproved protein.binding capacity and desired

resin selectivity. _ In. yet other enbodi nents, ,the present
invention is based[,m%lt IF'&%'E%? ngﬁél"?l?’m%‘ﬁﬁﬁ?E?Tﬁﬁé%ﬁ%? extenders onto
por ous pol yneadcomplidhiedipger@rating viditxiat the sifatovis expOsufeds eacthe onmat ogr aphy beads
and porous cer ammg| ch?g?rato ?fmt{ beaég.. o ['26li aAccorgéng t o anot her
embodi ment , ¢ RRTESE Sohias (RS lon etALoXpaion and adporhed JlAUnGSBERRS(S%0n gr af ti ng

pol ymer ext engesamplel“Polffer Sudaces! Fabib Badassl) donnMaleflBors Uizl New Ferkes having a
pore size greater than about é_>) 100A and | ess than about (c) about Ip.

[27] Accordi nd¥%8b HawRyeh Biesec a8 Bﬂ'ﬁ%mt“?fstffﬂf_é" PPRILRE reAvpap cHlOled based, at
l'east in part goufbn sonthiios BRIISbclaPdquigiart WhiEmaxeb WERmpRIeMARART S ont 0 por ous
substrates having diffusive pores and surface reactive functionalities,
conpri sing t heompieaegdianthimestospiEning. a) providing a porous

chr omat ogr aphy beafal‘pawnm il B ActisH i RitiRed oo s%fbﬂorﬁ?‘t[a%ﬁﬁé?nt cg_%%ﬁr?dcé/ € :
functionalities coupled thereto, o providing a solution
conpri si ng gr keRetiveigrovin thesuréace prioatorgrafting iseieessafy taenableg peorader s, and a

sol ubl e radic i i e i ntacting the
chr omat ogr ap h)‘ff/]'4 k%@g%wv%ngé ﬁé ﬁ%’e"p@%ﬁeﬂ? {)'gﬁ%rgﬁd the surface of the porgiljs rlﬁgrtﬁr@?at ing free
radi cal pol yngypicaliyt thesurbaes ragotive grovp isstapdblecd furtiees polyesizdtiomeith theal i ti es on t he
bead and the i r Ay i by the

i ntroduction g‘?ﬁ'ﬁ?@'&é@@@@pgIs@ﬁ%ﬁp)ééwcg]ﬁmlgrh| cﬁé{ %&?@Fg@%% ution to

f orm pol yner erchoring efdrneingl aardate palyniee dHawever fiwe oategradative chain transfer e) washi ng

the bead to r ve any. ex LUNr eact. rafti I 1 Xxtures of
grafting m)no%gggl,%O%'Pé/rﬁﬁ'gﬁEi@ﬁez’dgr@@ﬁ)@ﬁg?&gﬁﬁ %"g?a%g??%?@&t"&n a porous
substrat e hav{AGE) argpreférablynddused) (Bep forsanarapld, Prigtiges of Polgrheainatid®O g/ L; and

f) coupling |i.gands . to the.po r chapn ched to the. chromatography
bead surface. Gige 8d'a"[' %%Twﬂgké%gf%gﬁ?%{{%[ﬁ 1%1éﬁlfq‘ﬁst‘igfur%9fﬁv§ﬁﬁﬁent, t he
present i nvenhéreby incBrpbraee by reffentecast in part, on a new nethod for grafting
pol ymer extenders onto porous ,subst{;)ate m%g,,di ffusive %res wherein the
grafting nononers ©@151ni WY tdgkngpmy tu%élyl lties asASutiese "R Racr yI at es,

acryl ates, acgmhprbréRsmpleaifyld suffaca¢éadtive groass cah BETisdA todnodify cellulose
nmet hyl - 1- propanesul f oni ¢ aci net hacrﬁl oyl am no). prop

( d, [3- o N
trimethyl ammf‘ne[ﬁﬁ'é'l‘ﬂad‘fhlcﬂéé” bf-ué‘%grt?f%ﬁpﬂ?ﬂsé W’(B?si(f,o Céﬁqddl,e"W?'ééon! c acid or
ethyl vinyl Kkeiing@ereGhess ivitn, 4W8 hEraiinglefibient cOMvAEl IBRIIDOD aL/mid)agkdle,
acryl am de, hydr oxyprucgé/l met hacril ate I\zlphenyl acryl am de, hydroxyl propyl
aciyl ani de, alREEXeBRB Yraltateshos HE8%68 and 4,724,207, paayjto hadiselgsiraotanot her
enbodi ment, t ben BRSBTS paME RihbRBY ihdorfdRkAdy rékdrercgast in part, on a new
met hod for grafting polyner extenders onto porous substrates, wherein
| i gands, coupl ed tB16lheAlpBptyalisran eerdpmidesandn gelyrserizefand atackedtoam cati on
exchange grou A b Gl o i ani on exchange
groups, tri rretgia;ﬂsg*hm%r@g%g{ﬁ]qg%I%%@é%?’%ﬁ%&?%@e@ﬁ%gﬂpgE&ﬁﬁéﬁge groups,
car boxyl i ¢ aceftéctyely taducedwechithakihe agaresg olatin havingitheupolymeridedaciylanidey | ani no
groups, DEAE L6 A i /| oups, butyl
groups, and p%gwﬁ?g%%%é%ﬁgh%q#hﬁi @Q%K@ﬂggp&gg@{‘ %%%Q%{L%%t ein G and
Protein L, anbeadginordesto maximizeemaiytef resolution), (See| 80éxainple A& RatenbNot her

et hod Tor or TN G nE e e Snl R Tt B0ab blle BBl 7o e

| i nker coupling th@igurHoaeer meithet Hounof Miarteniteaoinbr suggest pbigmeérdzrg por ous
substrate surfa(ie (Ij ncl udes net Pﬁlﬁl’&” ate, Em des, achI anm des, , epoxi des,

ami nes, but an8aYIFTd&Rr JONTESRUPEH fodte sUEdge OFg R SPTAOIFY ST | enedi of

di gl yci dyl et haing diftidivel peies thereinattieqivtots slipporerhdietdins i@ bgired prbteiar oacet ate, al |yl
chloride, all % échl 05%){) di et hyl silane, allyl glycidyl ether, ally] brom de,
al 'yl met hacr §9S3PEON CHAECSIRST nat i ons t her eof . [ 0311 According to an
addi tional enbodi nment, the present invention is based, at least in part, on
a new nethod for grafting polyner extenders onto porous substrates having
di ffusi ve pores and surface reactive unsaturated functionalities, wherein
the unsaturated functionalities are alfylic groups.



[32] In still other enbodi nents the present invention provides, at least in
part, a new nethod for grafting pol ynmer extenders onto porous substrates
usi ng a radizolo1pabyneri zation initiator including amorcurospensodiiat e,

pot assi um persul fate, azobi s(4- cyanoval eric acid, Irgacure(r) 2959,

2,2' -azobi s(2-am dj no- opa chI ori.de and co at i on t her eof .
[33] Another obj ecf® §J]f %{é% Y](?é‘??f‘?'YﬁWﬁg‘erPde “80\" Fies and met hods

relating to n@bumamwsupﬁém@tédmﬁthQMommm&aﬂm&gﬁ fit oro tdi@pioveEr ext enders
ont o porous substrates havin usi v roteirn separations,

0 us
Fosul fing Tn BRBPGURASIYCS! SprabieS dafpaciiey Sokian bBRR7E. (e,
selectivity. for example l[JS?ﬁﬂterﬁ\ﬂg'ﬁgngPdtob&@r%}lfhﬁalséldkdre@wlﬂm@&?& of the

invention will be set det ai | description and clalms whi ch
foll ows. Many lnﬁﬁmr@ted:wrﬁferﬁeceaﬂwev%rrm%s@.n@ﬁlﬁcamnswnieecwbﬁhﬁdQsha can be nade
wi t hout depar wheRh bhting€ ent to those
skilled in thg p’abgnﬁafviﬂgkc?rg&ttlieodgéés&nﬁgﬁ,st g@d%}eﬁg?%eg fr@r%ﬁﬁ% gener al
descri ption afiew vithdernpsratuse\ehagges @nchine graftedd EEF pelymess: In ardestocichieves, as wel | as
the appended e intended
to provide an%@gp %]t'?@ﬁ'r g;é{%ggireﬁfgﬁegﬁ %@gph@ggmg&ep Egl%irrc%ggrr]l t eachi ngs.
The specific enbdedsitdafils ot “plugihhe foess of this siree A fafight BdIJSH’gatenkaNO of exanple only
and are not | it ' VBODI MENTS
[ 35] For thengta}?%%@go ﬁgqent(ﬂ}les?‘sg gsé’i’:eun‘%fu Merel&%ﬁbg é@lg ngé_"%hg unl ess

ot herw se i ndgaiih@aethal dssemtiattp éisor ﬁugsmmreag.csmaolymers &re used forngr ed| ents,

f d h
umor ol val DeReTRE e En Svapltareh £ e BRg ELESTAMIR T, Do under st oo

as bei ng nodi temahsirate @dtlong mmbaatulesie;keﬁdénbeortmdmg ‘bettaoiot, their overall [ 36]
Accordi ngly, unless indicate cg\{t cont. rar% the nunerical paraneters set
forth in the PEFIB\EPRIGE QE)@(PPWDF‘% 9LAY S hed clains are approxi mations

that may vary depe[dgndnueito trogte ety melifipdtiometyinitRizingexgdnderichaie obt ai ned
by the present i i | east, and not as an attenpt to limt

i nventi.o At the ve
Uhe. apphi oat | noibsrargies v heeh EMReyoR HUFNATP SHEE PRt @OREaML of fhe ol ai mp.

each numeri camopsHicd WHidrediAIAtslgRdegtBané cﬁam t@ﬁﬁféﬂ%t&%@mblﬁhnbh ghtyief the
nunber of reported significant digits and ppl yi ng ordi nary roundi ng

t echni ques.  surface reaqtlgpyjyupma@q,allylﬁgpgqmﬁrﬂgaQVﬁlgggepwén Praerde MEMlzer anges and
paramet ers segjtbdugr chih lehgth he broad scope of the invention are

approxi mations, the numerical values set forth in the specific exanpl es are
reported as preci sEPY aBnegddiionisf rolymapgxtendaitioiperans RIgriaksuriae0¥de i nherent !y
cont ains  Cer t fidhgd b RBRESHALY bk deSied plibital chad h RRnskiggifipyr d_devi ati on
found in their respective teésting measur rrents reover, ranges taught
herein are tpo‘eevaha%wrgtmo@@ata@ore emaee@mandymut@an@ f’@m%@ﬂtl@hétﬁ t her ei n.

For exanpl e, ges between
(and i ncl udi ngﬁJe?EE&m@%W"PJi’ éso""ﬁﬁ"gthg%qﬁ {he @gglp%éler%bl{%ﬁugégof 10, that
is, any and alAtcoglinglyzitwmis bladwra[zje@dmehpmveébmblnwfndeqmcwenfbr gr eat er

th 1 and | .5 to 10.
[Oggl ngorg ﬁ@@@%s}%@& Erese strlﬁtgs{/%ng lng)?l()?el"{nJé tﬂoﬂer det a|I a ﬁunber

of terms will be defined Use of these terns does not limt the scope of

the invention but only serve f. A0 }% E escription of the
|nvent|on [0391 As u ular fornms "a," "an," and

“the" include pl urmir ethessporisstoutd absw rieétsfmmmpotbuscshmmby ushft foat es

th t f
o1 opagat 1 ng. r BBIsErabs MR E5E ey BoBl s el R LB B Dauct wicn
t he nonorer lﬂwefpﬂiblemeassbtlatai thcgraMgs@laﬁﬁrextmdnsembborol(sSemtratePrl nci pl es of

Pol yneri zati on"” e (dian, Joh w York, 1991), the
(Sl osur 6 of PRNSCHITE R P PRIDR o PR RLPoRy o Aeaiess BB PORRE s chat
transfer resuls&b%tratésrmee@ﬁdswe pReL a6 Hedi@bYeBEd. zat i on rates and pol ymer

nol ecul ar weight. This is advantageous in grafting when |ow ol ecul ar

wei ght surface nDdlflcatlon is desired (See, for exanple, US Patent Nos.
7,048,858 and 7, 060, 187, each to | hre) However, when nore reactive nononers
are used, the surface reactive group becones the chain term nation anchor
for |l onger extenders or tentacles in a grafting polyner to" approach when
the polymer is formed in situ. These iA situ generated extenders provide

i nproved bi nding capacity and nodified selectivity. The nethod is

advant ageous because it can be used with a wi de range on nononers, such as
acryl ates, acrylam des, nethacrylates, and a wi de range of substrates or
base matrices (such as pol yneric beads, agarose beads and ceram c beads).



[41) Ot her "porous substrates” or "base matrices" that can be used herein
include, but are not limted to, any material with diffusive pores and

al lylic swofaeisacti ve groups. Preferred material s forcparsous/osubst r at es
or base matrices that can be used herein include polysaccharides, synthetic

pol ymer, agarose, u ol.ynet [yl | yacryl

pol yacryl am des, pgq%%]lstb}%gﬁ%ac&ﬂp%ﬁe Wﬂha‘ﬁ%ef’ﬁ&hﬁﬁ‘ﬂ?Pt%ﬁn¥’%£§¥%}‘ﬁéﬁ‘§‘h8? the |ike,
and hybri ds offorceauptrigipalymerestendersidn® pafoos sutsstrates havdrdy. diffvbigt pops ddsieerd nateri al s
i nclude agarose modjfied with allylic surface reactive grou :

pol yet hyl acr Jrechisedined) & s el ting RIoNGA S e BpgiEeaPRLRIOe gr oups,

pol ymet hyl acr ylnaih@semativity, withaut piyging bemlinyvint Biffddive pbres of3he Jorsa substastd. i ve gr oups,
and pol ynet hacryl at e erials. which incorporate ally! t hyl met hacryl at e.
[42] Exanpl es of " f%%ﬁ'@ﬁéﬁ“@%ﬂ}ﬂeﬁwwﬁfv 2ot Pt W mENGs 7 ncl ude, but
are not | i m t gehfthe poljniti exReAEIS DS p&bIRDEsrated Ming tiflisive pere©sHaSurfday dr ophobi c
groups, thiophilic interaction groups, chelate or chelati ngﬁgroups, gr oups

havi ng so cal I’@GﬁVﬁi”Psé‘_f“rqt%@“ﬁ%‘fqual%to\ﬁﬁetswfa&aPfd@tS”Eﬁﬁf%’d%‘giﬁ_ B#logen bondi ng
groups, and hyggapleishitdce HaBHO§roups that readily SrtlerdetiBgrdaBe bin trasggnds” that can
be used herein incClude, but are not limted to, ion exchange groups,

hydr ophobi ¢ i nt er at®2flonAedng s, anetyerempedimens themraser bwvenden igbasadat t hi ophilic
i nteractions P H ; IO} bioaffinity
groups, and mg{?g %d%@g’ur%iﬁo?% %FIE]% ionrse opaérﬂg&t%?ﬁugr“}gﬁtsi oned). Sone
preferred |i gaadng diffisive pores apdusad ngratein separationg anddie likeyuesultingsn thet 1imited to,
strong cation : S I . nic acid; strong
ani on exchangggggggu' %gﬁ%ﬁaégmﬁﬁaﬁ%?ﬁ)ﬁﬁgﬁf@%%%%# soerglblth]c . weak cation
exchange groups, si02hl als yetatheosogtiodiments,itie; prasert kiventiprois based fableggbingr oups, such

o et Y B85 B AR s PR B A By 5P

Pr ot ei n G an&ior’é’lumgeﬁo;se dhromato’graphy t{eddk]anﬂimaomlcemmfcﬁr’bmatdgra;my beedb.y mer i zation
initiators" that can be,used herejin includ but are not. limted to,
mront i per s f at Do AR MEhEhe srBEbt e Bisef et btEh el < ovi o,

| rgacure(r) 2%a8 i garthen-geating polyrhiektbeers,onfdpdfols suBstidtes Azwngidisisive

am di no- propane) hydr ochl oride and the |]j . Th raftin reaction can be
£ aed w ¢ RORRNABAS PR ke Sreetrin dbout5{Euk anilesd b rbslfts] Aol ¢ T on
(heating) or UV ircadji akdcéring to another eB&dimdn &iapteesnt Mlentioriis baed af eact i ve
unsat urated groups or functi onalitig_s" hat can be used h@){riei n i nclude, but
are not |ini t &aSHitpartaana)jewmeliod fppgrafing 995@6_@?46@69%}@ ROERYS SUbsiEatESy

unsat ur at ed f HaggiofHised fote8and siEthdedesetivaliinelidnglities, Bsmipvisifptvé Pibwidge f or nul a

R- O CH2-Chlr-CH2, where R is the porous substrate surtace or a |inker

bet ween t he s§¥Psce and the all ylic groups. [46] Exanpl es of
"l'inkers’ that can be Ué)%ﬂ)vihi‘ﬁ{;5*Ré}odsrbﬁlloh'ﬂ@grawtbeéﬁrrﬁviﬁtfdiﬁdslv@bér@ﬁ to, _
nol ecul es that contain groups that undergo high | evels of degradative chain
transfer duri AR susareceactiysngippnliiosaopried tharetiker s that can be used herein

al so i nclude, ol ecul prR/idif'\Q‘Q§5I&t@ﬁ‘@drﬁp§i§iﬁg§%5fm@tmohém€rs G kiGebADI
stability to caustic sol'utionS, such as conpounds containing ether

| i nkages, et Qebingmenogmersagridd@esoluble radical polreerizatiooinitigfer, ani ne and the |ike.

Preferred |inkers such as [Phgc i i i ot .epi chl or ohydri n,
pol yet hyl enedi ol di gl yci d§ _ gﬁ'ﬁgﬁ{éﬂ_&a Wﬁ&?éh@é’%‘# WIf’:ll'itgy o%‘ln yl et her can be
further nodified with ad)l itiaingfreaiadical golgmasiagtion batwdendte satfdcg reagtivgci dyl et her

usi ng mnet hods R r i rs. I '

chl or oacet at e,f Jﬁ@fgﬁ@"‘&cﬁ:ﬂ%rb?%&e?"dé*[eaﬁ'l"éﬁﬁ%‘#ﬁé‘ﬁ?&ﬁm’%‘%@%ﬁqg‘ﬁg‘?hﬁw rsyI gl yci dyl
et her, allyl bytheintteduativd ofthé raflicalpolyreasizatibminitiatorothe sqiutief erformgolymerker s i ncl ude
allyl glycidyl, ether, allyl bromde and allyl methacryl ate. [ DM
Exanpl es of " @l?aé'ﬁxfe%ersrﬁf’ﬁé%t?@er%?oe'"mxture of grafting nononers” that can
be used herein include, but are not limted to, nethacryl ates, acryl ates,
and acryl am des. The nost preferred grafting nononers include, but are not
limted to, acrylic acid, 2-acrylam do-2-methyl-1-propanesul fonic acid,

[ 3- (et hacryl oyl am no) propyl] trimethyl ammoni um chl ori de,

2-acrylam do-glycolic acid, itaconic acid or ethyl vinyl ketone, glycidyl
nmet hacryl ate, N, N-D nethyl acryl am de, acryl am de, hydroxypropyl

nmet hacryl ate, N-phenyl acryl am de, hydr8xy| propyl acrylam de, and

conbi nati ons thereof. pis] In typical grafting approaches, either
the residual unsaturation maintains reactivity towards further

pol ynmeri zation or the surface initiation requires carefully controlled
conditions. For exanple, attachment of a acrylate functionality to a
surface allows for a grow ng polymer chain to react with the surface and
then continue to grow, making the place the extender attaches to the

Y S " o o o o, o,



chain growth and continue to grow, thus incorporating the surface reactive
group randomy along the extender. In the case of surface initiation, such
as net al wei2detdisstoof hydroxyl groups, the sol ution conectriusesomxEt9 be
controlled to maintain the netal's active oxidation state and avoid

faught herein, “theae. t uf "EHISLbeaf B TOR amih et bl Gl The
pol ynmer i zat i omoadmérs)enixundsyofigraftiegehanonters, dranattmhtedipcﬂymr chabe/reuliopinunder | ess

restrictive caonditio d .attach to th rfac f, the porous
substrate is AHPRYS ?“Eéﬁa%mﬁﬂngoaepr?tﬁ'ﬁ’f‘éﬁq caﬁi" ﬂé’&l“quq/'l"\?ﬂ‘?chai n transfer
of the surface reacti vef)gﬁ:@.lpmqgagérﬁsfmnd'polymbﬁhamattadfheb'tottm, endi ng t he

pol ymer chain grr ;xt KIE Prl nci pl es of Pol ynerization", George dian,
John W ey- SofonaipdraphiBeadsyifage: 1991) . the discl osure of which is hereby

incorporated by re m]enmeordmgtoan addiiorfl emESdahdnt, @ pteBeritInkentiortis sur f ace
reactive groups, i ch undergo degradative chain transfer, is known for

nonol i t hs, celbﬁﬁ?p(?é@aqti"t%ﬁsm&r'ﬂéwg]eihpiﬁﬁf gaftingi Pelymer exieprRes,e8to, POl wn

modi fi cati ons sk Wking ffusive Barbs A% thd G&icy rABmers br rﬂﬁur@%f JriffdgeS was
acconpl i shed on convective pores (>1 pm~which are nmuch |arger "than the

di f fusi ve por &9nereasniaclyde n@é@@vlﬁa%émlaté%nmiar@gewwhw éarylgmidse and silica

part i cl es Vet Sl f 2fesiRfic BT FGEALIH) By BHRoBkAUCT Ur e havi ng

| arge convectiv . [51] di T _ material wt
ext enders pr i 6hloride, Zsasrytamidosglyealic eeid, dadonic acid dreHylivinylkeloneadlyeidyt ageous nor

the extendor SRTo e B FRE ah G kAR ER SR etk B 2 ar e
(wher eI t he(l [ gﬁewlacryiar?e hydeoxalpmpyhaqr;:rlamldaeandang@natlm tearedf.e) . Modification of
particles (such as rous
structures fromt h@ggl N%J(S?'?lﬁ%@%g%tﬁérie ﬁgd}mérﬁgghtﬁl Esgn?rno&% %é%%%%gectl ve pores
and a random cthastnrrpduLunmworietttoh&)rgmﬁlmgmim/me:extehde;s qmtmpormlls alg)staatéa mted, but
much reduced || Interacti

Ad 1 ona Ty, "0AER R0 EPEFIogfF Rl e BHETRE sl rong et bk por ous
structure (i. excharwe@fmpmgjlmprewwgw@stsaﬁommeclbgraabSTMdmkahem@e gmps conpromn se

onor T ae oo ey S0 PSS vk PRGE bcianed . atbalie Bt or i ow i

m croneter si g@uwweaan@dﬂ@&:ﬁan@@grempsaqiNm@nﬁlammsgmups;u)EAESgr@upggest a nmonolith
havi ng pol yne r nmpdifica onpl et el pl ug small er

r e
o g Do eraoiRn ppisehen Sroups. by Sune DF oty otgupsead,  oud o

referenced, t afififyfoups) PREM A PRIdIFG, fdnéfP#&@M‘Ln&d&@rhﬁiﬁat’bﬁmérewfe conpl etel y
pl ugged by the grafting of polynerized acr¥tnate such that protein

di ffusion in the pted \A}ﬁ§e'@!"|°r‘heh§'ﬂ@ﬂ'meétﬁﬁ'ﬁlpfeﬁ VrRotigpdebased. eHeashat eri al s f or
non- por ous  bedhad Idr@ﬁtmeﬁne&fosglﬁﬁhgap%nyaqe.aéxtéhaeﬁe@dntdfhﬁssdbetrarté@e i nventive

met hod as taught herein, conbinations of surface reactive tﬁa@OUp density,

initiator condbereindeilieer eonplingha suriace arivetpctiondliionp thanors s¥sia% e bi ndi ng
capacity, can s@tjfa%@ﬁilt?tfek ﬁ\@ﬂ\iaéfy‘lété’ afles & ?rﬁ%lﬁesnéb%%?essﬁﬂﬁésaﬁdtéh@%&efs' ns.

EXAMPLES cation of a polysaccharide resin

with a surfacQIQVIQMchQreepgﬁ@rghydamdOlieﬂlYieﬁedlcéwﬂJM@éhe{aﬁhMﬁ@éwb [ 55]
Agar ose beads d@ﬁ @tﬁé?,rsﬁﬂ)é) %]roéfgﬁtekﬁlgl chlglgﬁrﬂyl cﬁibr%ﬁiﬁﬁeﬂwgghéaﬂ&' afy) vere

crossli nked usi epl c rin accor s of Porath and
Fonstedt, "G GlmdyIFetharIallyjhumdemllyjinemlamlata,aﬁdmrrmmamn@th\enepfpol ar lon

Exchanger s* (Jour gl ofc, b OBFARInukhlent HprlSH Buerblys 4797 409). the

di scl osure of whic here i'ncor por a y erence & beads were
t hen nodi f i ed bagetlfat lrast inrphe,@e a new method for grafting polymer extenders onto porous

substrates having diffusive pores and surface reactive unsaturated functionalities,

wherein the unsaturated functionalities are allylic groups.



reactive group, allyl glycidyl ether (AGE) according to the follow ng
nmethod: In ajar, 10 nL of beads were added to 18g of 8M NaOH, 4g of AGE, 3g
of Na2SOMwvendizssroagi t at ed overni ght at 500C. The beadecwmarseomherniisashed
wi th 500 niL of MIIi-OO water and filtered into a vvet cake. The wet cake
was added to a 20 ut cont ai ni.n

2-acryl ani do- 2- net ﬁ"&ﬁﬁh’d&?ﬁ @98@%]9'"‘16[;{3@ PEPVEes Rileastn o(r) water,
0.29 of NN-Di pat, bmb\mémbcafmgilﬂtu@rpdlynaerbitegremto@brohg@uaanafeeosuﬂg%9 (CIBA) in a
pl astic bag. The p et ween t\/\o@g?un}/eth | ene sheets.

e hor yor hyl G BaBaliau el fetor R dr JEonh Bt BB BRI o eomy oy

the assenbly GiybRUIarRvAmiE 6O Gacae@M5d)Y 2e2ep0G2AMRIdIh@d unit with an "H'
bul b. Time of exposure is controlled by how fast the assenbly noves through

the UV unit. PRPaNGhydrechiongn ad copRinalianediemol noves through the LV chanber at
15 feet per m nuteps3) heAn%&xé@dﬂ&%f{hé Ip@kér@?ﬁ%tldn(?st§'pFoqué’K|tsfahd/rﬁetﬁHd§Ut es before
the bag is renmoved and t he beads tered washed wit of
MI1i-Qr) wafeating tomakisgandiuping the nevbm@th@i fer grafting pelymes aendemspntreasur ed
according to [ 56]
Banpl e 16 VBT SR hal §URIRI OB, Iof) 7 pOMh SParstBRk Redtngin | (e f ace
reactive groujmpaeved pratein bindiexesipagity andedesiced aesinselectivity. [ 57] Agar ose beads
(Sepharose 4B) (GEbal t d using

epi chl or ohydrin ac g@dlé}dﬁﬁ%?f;ﬁﬁ’r’e%é@gﬁ%ﬁg&o#thém%i{tlﬁn Wil %l([)froﬁﬁs(ﬁedt, "G oup
Fractionati ontmfdetmleagmnwﬁpmamidwnsowhum f;jtoWaMahnmodﬂiceﬂmas\gtywaria,tnor(smur nal of
Chr omat ogr aphy,.. . ) 8 beads were then
washed with 5 '%’ghtg@ éﬁlqeﬁ% g(vu@&de?grﬁanglﬁgﬁ 't? ?R"tg?de%ggé O\J-Igt?emet cake. The
wet cake was aphiaadttbmose Kiedin e ladtli it be omteestaod tlngttﬁh fdregcmagrgenml

2-acryl am do- -m nlc ac [ | r) water,
0.2 g of N, N- PRSYHAUR T"&i‘}e@?'P ga%l'ﬁ% ??cri“ﬁ”bp‘ﬁﬁlé'mc?faslwgkﬁstﬂ?%"é’?'}"e 959 (Cl BA)
in a plastic bagmgsﬂ'éieemh@myland baansterg oy, andale inkhdwdediprowdz apol yet hyl ene
sheets. The po ne san ch Ii t hen La d t a trfansport unit which
conveys the a§ 50 ‘ﬁf’%’ﬁﬁﬁ‘ 'W?P Wegﬁ?ﬁ” Ede 1ab unit with an
"H" bulb. Ti rram@cfdmmmmgmenem acecmfére@bwai/doyxahpmmylatd drdvt meaeEbl y nmoves
through the UV unit. In this exanple, the assenbly noves through the W
chanber at 15b?%F"9ﬂb‘?"VWP¥lute The assenbly is allowed to sit for five

m nutes before the bag is renoved and the beads filtered and washed with

500 nL of MILLi-Q(r) water. The equilibriumprotein binding capacity
measur ed accommml N{QEel ' anple 6 is shown in Table 1.

[059] Exanple 10. (4 fnombbmﬂoseéofam@gwﬁcamfaadapaende@ammswe&s a surface
reactive group and ani on exchange extenders [ O arose beads

(Sephar ose 4BPth€f@Ee indigatedn alnumberpexessipgaiantitiesof jngirdieats, @Pfé %hRed using
epi chl or ohydr o gobidifials Jdclfh oRARR BRFIRS nlFRiied PiRaGeci et et , Group

Fractionation of Plasma Proteins on D polar |on Exchangers", (Jour nal of
Chr omat ogr aphgpecifietion apd claimg,zme tojhp Un@mdagl)emgmlf%adbm%ﬁ@ byten nodi fi ed
wth a surfac%r@%ﬁp ve group, ally' glycidyl ether (AGE) according to the
following nethod: Tn a jar, 10 nL of beads were added to 18g of 1M NaOH,
12g of AGE, 3g of [qasl SAEcartiogly. uejessangicatad odhesortran), thanurearic80 00. The beads

vere then vashed uit 500t Bloul Hn0RBLSH AL AL 487 e 1110 a wet

cake. The wet On T CENIAT i ng grans of 75% ( 3-
acryl am dopr oppﬂrc))dnnaitmnsﬁl‘rayllnwmtyrdepmldmglhmumtttéeiesnti pmpemre,s sdugho be ans of

MITi-Qr) wat d ans ..of n|u fate, . moxture was
i t a1 ol at " 6 BOREES e plesf S ACR R ALY il el Bl S G0me. o
MITi-Qr) watgplicatidhef thequodtdinelof équivalents to the scope of the claims, each numerical

parameter should at least be construed in light of the number of reported significant

*—-FD

digits and by applying ordinary rounding techniques.



protein binding capacity neasured according to the nethod in exanple 6 is

shown in Table 1. [0611 Exanple 1D. Modification of a polysaccharide
resin w twourfmss9r eacti ve groups and cati on exchange exrasdensonis h
opti mum bi nding at |low ionic st rengt h [0621 Agar ose beads (Sepharose

48) (CGE Healthcare were c¢rosslinked pi chl or ohydrin
according to the t@ggh 'ﬁog‘g%\,@ r}ﬂheﬂwn Irarqg?sea&gpara %rﬁf)&ESacti onati on of
Pl asma Pr ot ei fusth the bidag sdopé of ttennventioh arR@epreximationy the narheriod| vﬂilmseetat ogr aphy,

vol . 51, 1970 nﬁg} 479- 489% The b@% were then Nﬁdlfl h a surface
reactive gr ouB’ |the JPegiicPXarpRlas A A e@%"'ﬁ%@%ﬁ’%? E;AI")S"‘E'?Fé'C ol | owi ng
nmethod: I n a yaie, hdWdvétlintrenBeRABinyEer@in3ASIS Aeck Sadip@s@ing ibdm OH, 2. 49 of ACE,
3g of Na2SO4 and then agitated overnight at 50 C. The beads were then

washed with 58@ndad @f/latpgpﬁqupd intheir ragactive testieg measwraperts: Mategves afet cake. The

wet cake was aggadadght r@re%@'r’é-to%@hﬁﬂefs%d @Qﬂéoﬂip@és@s@br&@é’é@u@%med
2-acryl am do- 2- et hyl - 1- propanesul foni ¢ aci d of MIIli-Qr) water,

0.15 g of N, Nthereifeldigxampleyd @rgerd 1ata d0"dnclyde aHy a%ﬁﬁﬂﬁ\’ﬁ@ﬂﬂ? Pfate in a jar.
Th VT4
(1Tt bred and. ool pefdnd B it faedr andife adkinn Algr 0]l 'pgﬁd"%ﬁ’?ﬁ? " um

prot ei n bi ndi absubtpgesiheyingragpivinH®yaluacef eaudl tagr greaterithan r‘t@t\m@)maxlfﬁlf@xarrpl e 6is

shown in Tabl g Ide of equal to x[lgsg%rﬂan":rff rSH)IS% Jk Modification of a polysaccharide
resin with suriace reacti group cati on exchange extenders wth

opti mum bi ndi ng at [058]grBafawd&scrﬂinge‘mgtdsent inventiorf i0 Buther Aglail, e semiizeaids ( Sephar ose
4B) (CE el t ol o SRR S bledork WS SRR S Sl Bl lfug o or ohydr
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Resin Type

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.
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[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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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 2.4 grams of 2-acrylamido-2-methyl-1-propanesulfonic acid, 17.3 g of Milli-
Q® water, 0.2 g of N,N-Dimethylacrylamide and 0.12 grams of Irgacure® 2959 (CIBA)
in a plastic bag. The plastic bag was placed between two polyethylene sheets. The
polyethylene sandwich is then taped to a transport unit which conveys the assembly
through a Fusion Systems UV exposure 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. The equilibrium protein binding capacity
measured according to the method in example 6 is shown in Table 1.

[056] Example 1B. Modification of an polysaccharide resin without a surface
reactive group and cation exchange extenders

[057] 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)

[058) 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 2.4
grams of 2-acrylamido-2-methyl-1-propanesulfonic acid, 17.3 g of Milli-Q® water, 0.2 g
of N,N-Dimethylacrylamide and 0.12 grams of Irgacure® 2959 (CIBA) in a plastic bag.
The plastic bag was placed between two polyethylene sheets. The polyethylene
sandwich is then taped to a transport unit which conveys the assembly through a
Fusion Systems UV exposure 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
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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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of resin 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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washed with 500 mL of Milli-Q® water and filtered into a wet cake. The surface
reactive groups were turned into a standard cation exchange functionality by the
following method: In a jar, 6 g beads, 4.7 ml of Milli-Q® water, 0.8 g of 50%wt NaOH
and 2.3 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. This
procedure created a no extender control resin where the protein binding is possible to
the surface of the resin, but there are no extenders or grafted chains available. The
equilibrium protein binding capacity measured according to the method in example 6 is
shown in Table 2.

[072] Example 2D. Modification of an synthetic polymer resin with surface
reactive groups and anion exchange extenders

[073] Polymethacrylate beads, 20mL, (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 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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extender nodi fchaitd avaﬁbla,ThEé@mbmﬁdrétéuh blﬁilngTdaB itghaeasoed acebraing tohiee di f f usi on of
| ar ge proteins i]l. possible with grafted extenders by

this met hod aﬁ&t*\oa'"femp'%%éswaé{bfap 2% s an inprovement over the state of
the art. [ ofdzefExPdBRl 2 EqibridMPBihdingCetbbdtifoP SynthefOPUiyiRE Beadpol ymer resin
wi th surface reactive groups and hydrophobic i nteraction extender

[079] Polymethacryl ate beads, 50n, (HW65, 45um TOSOH Bi oSci ence) were
soaked in 1 MRECoHT Zhrs—at 4 of
wat er (r). The|beads were then mddSuifaee it h a surface reactive roup, allyl
gl ycidyl ethef (AGE) &ccording tcRedstiveql | Brateig StatichGapacity (glL) af, 10 ¢
beads, 18g of |2M NaCH| 12g AGE, 3g(a,13@§so4 wer e added and agitat ¢d overni ght
at 5000. The héxample] Resishyee \ 500 of MIli-Qr)water—gnd filtered
into a wet cale. Five|grans of tn@P dakdgGas [added t ¢ agluion
containing 0.2 granms ¢f N-Phenylja Whlm dgpH®, 049 (pHf5, arrm)ﬁl ersul f at e,
3.4g of N, N-djjmethyl fcet am de DRREgSIn \4§mgi Pemﬁw e [BPedMSland 3g of

MITi-Qr) water—r—etas .e,u. wes—ae-EREbeHant ated—e—89 C for 17
hours. The be relfil® qnd _d_mﬁhfoo‘;wj off MI1i-@(r) water.
The equilibrigm @Bteln bCHX ng (1 &P capacdby neasd ed|accordi fig to the

met hod in exa S TopEnd 1q besgs 4/'L. 34 1¢ 80]| Exanpl ¢ 2G

Modi fication ¢f tret ot ) AT esimwrtigurface e 7 groups and
hydr ophobi ¢ i } ;-n—eé. 4 o —Relyvrpi-had eads, 50ni,
(HW 65, 45um | TOREH Bl oScAlEXce) |wer d sodked in 1 M NaOH at 25C and

then washed with 500nmL of MIIli-Qr) water. The beads were then nodified
with a surface reactive group, allyl glycidyl ether (AGE) according to the
fol I owi ng method: [017R Exdnpled 2A-2D BerasistrateltBgmethodsh besdplied@mor@GE, 3g Na2SO4

wer e added and a itated overnj ght a C. The beads we hed with 500
m. of MIIi- Oﬁa %099‘#6 Majriy P@&Wﬁ‘g?f“‘aat%\)@ta&%?&%'" Efs?rmie )Q?Vi% of the wet
cake was adde@mmauaprmhféﬁth mréap‘aafyt Pdrmbtngat@n ancgrn@méx&éngal-eﬂaﬂensl acryl am de,

0. 08g of ammoni um persul f at e, acet am de (DVAC), 3.4g

) |
of hexyl ene gIcgragiies adxpiosey wsre OIQFQFYQd f@@ﬁ'“%@ﬂe’?%t@? glidic surpsR  ar was

agi tated and fﬂ&@ﬁv@@rohﬁ’ Ir%bdﬁforf e cé&cnﬁé%%r%xarﬂﬂk% 1'@%6’$E%h@hér'tﬂah@r ed and
washed with 500 ni -Q(r) water. qﬂ‘ brium protein binding
odSi

(190G capacit ySt%@Féhﬁaéde’@RE‘é@Mﬂ'ﬁ@j regn, ff?étogﬁi@ﬁ demenskiaps e 6 was found to
be 40 qt. diffusion of large proteins, such as IgG, is still possible with grafted extenders by this
method and in fact the capacity is an improvement over the state of the art.
. [078] Example 2F. Modification of a synthetic polymer resin with surface
reactive groups and hydrophobic interaction extender
[079] Polymethacrylafe beads, 50mL, (HW-65, 45um, TOSOH BioScience)
were soaked in 1 M NaOH for 2hrs at 25 °C 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, 10 g beads, 18g of 2M NaOH,
129 AGE, 3g Na»SO4 were added and agitated overnight at 50 °C. The beads were
washed with 500 mL of Milli-Q® water and filtered into a wet cake. Five grams of the
wet cake was added to a solution containing 0.2 grams of N-Phenylacrylamide, 0.08g
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[82] Example 3A. Asymmetric Agarose Bead with Uni que Chem cal Environnments
and Two Distinct Pore Size Regions: [ 83] Preparation of Internal
St ruct ur ew0 2012/01537p84] Asymmetri c agar ose beads were na#eTaSecawadnIgoto the
met hod taught in US Patent Application Publication No. 2007/0212540:

1, 000nilof 15% pagarose sol ution Agar.ose f.rom,Hi nagar was added to
2 000 of i ARG pseuiAes A 15X SeaRRY Aot MR AR SR e 1 ot or)
bﬁt h at 80C ugge, aﬁd):sy%gmmtfa@l\wbt_bﬁhhgan Th@jﬁﬂbésabﬂht@mnemaheﬂit@w %gorg/hi chht he oi l
phase is contipuous e . emul sion was then e rQu .5 1inc

(12. 7rm)  di améf E?“,'& &he %eq*fe&erq'ﬁtsrzda aspegyHn E@F’rﬁk@ N@Fé&i“ggﬁﬁ;&%r ( KVR- SAN- 12)
at a flow rat @qftbridtd-protei binBh@(Ig8) SQS6H) theBsirdd séordignethamebd inat 5C. Spheri cal
honbgeneous agar ose beads were obtained with a |largest particle dianmeter of

200um The be&¥nPladwasdund 108833 glashed with of water, ethanol and then water
and si eved 10 yi el gag) beaflo HRAARSE) 6fa findiepdARPfEsi Wi sfigasis were then

crosslinked according to the nethods tau orath et al., "Agar
derivatives f &activegiouppeand brdsphepic interaction #fesi s and gel bound enzynes.

Desul phated and re ed i ] i al bead
formt " (oournal of Uhh o G RERUUAL BeaaBi3bhy SRR GIBLAS DI GRAGHAFS, | 0

di scl osure of weigisoiked is mémfyforztm%mwmewamé withed00ml of fii-Q8cads wer e
then nodified, w I o)V - J eads, 150 nm
of 8 Naor, a0t Tiheas why ) fodned Wi e ionpleidp M ahdSPE P I0E
over ni ght at {/AGE) addosding éetbesfollaing mettethdmla jai, tlg Beads, 3 8@of 1M NaOHM2gl i - Q(r)
quality water. td NI t i . I i
1085] Exanpl eAggggi\gaﬁgfe\'{e}r% aéﬁ%[gdg?ggl{g%%\gatgﬁ%%tﬁo%ﬁ%%&a@&%}%«%h@%nvi ronment s
and Two Di sti mith 50Bonleof Hilliz@® Retgi amd §ilterddriitea wetlcakst Fivecgramseof tietwet skendar d cat i on
exchange functionality . 086 or t.i of_the. de in Exanple
SA wer o ol 1 Meget b sapon sotanan rBeR dinGheBlechisfit iBel T &t The beads
vl\\//]elrle m&ji ;i ed aWnbdﬂurﬁpdi;qufatE,lﬁaIg&f N NI-dirmettiyl ddoetamlde(DI\/IA(ICai)Ia.4g(iﬂ)hgylb®adsl, f47 m of
i-Qr) water, 7 . B0%nt NaOH_and 23. 49 sodi ta-hisulfite were
added and agi 19'5?0%&"%\%9’ ﬁ?"b‘ﬁ(g"‘/’%\%w B%Tﬁ%ﬂbﬁsﬁgﬁle@.a"qﬁ%}eﬁ%@sﬁ\wre washed
with 3 x 500 Ay héks. hd HebdsWerd filttred bnd waskéitveth 500 mL of Mill-Q® dater ITRe beads wer e
then coated with 6% aga_rose, accor di n,gl to the foll ow ncﬂ.@ﬁgéhod: 50 mM of the

beads were t h&AHIRYRRRIOEIAPLHIAGIGLaRSETY SHasHRdaEIgSP the B 5 Agarose from
H spanagar) t exdMpled whsdouRd t8lbe M0 gilThe agar ose- beads m xture was added to

1000nmL of mneral oil at 90C under constant agitation to gbtain an emnul sion
in which the oil pH33e Pemplgdfi Ayyawnstric grsoseBaadwithYnigue Chemisa! punped t hr ough

a 0.5 inch (1Zn/dRhert ATTWEDistint PoRESRRgibRe- 4MM) | ong Keni cs static m xer
(KMRSAN-12) at a flowrate of 3Umn into mneral oil at 5C. The resulting

agar ose beads had B83lestrepamtierofdnterad ycturqayer t hi ckness of 10um and t he
bead popul ati on waggpl €A Yoss bedl Gare HH: SrdrPdne nddRgbeads were
PR, A 290k 8 bogh R oot

settled, washed w ter, ‘ethanol an er and sieved to yield a
bead size randpuglin USPatentpplicationePublicating Nee4087/8213840 1.600etiofd8%or di ng to t he

nmet hod taught _j ] ’ i i ) raphy,
el ectr ophor esfgé?%srgg&g@ﬁ (EE(B)G éosgﬁrg@gngsééﬁgéerg%%dggﬁafzg%ﬁIrafe@lucé@gcr ossl i nked
agar and agar ogndaining 12phief Spanl80 beulsifiel orafirst oil bathuat BAC uoder Gmstentat ogr aphy, vol .

60, 1971, pp. - . i SC r f L j Li por at ed by

ref erence. Thg&%é%]éég%vae'? %amﬁné%@@" @mﬁ%ﬁﬁfﬂf h%&%ﬁtfn@(y@ﬁh?Peﬁgl&\f\@squal ity

wat er. [088] Tiee pimazedthraugh e 05lnem (129 chim) dierdetev & inches (5B pmmplangKesias f oni ¢ aci d
static mixer (KMR-SAN-12) at a flow rate of 3L/min into a second bath of mineral oil at

5°C. Spherical homogeneous agarose beads were obtained with a largest particle
diameter of 200um. 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 then

crosslinked according to the methods taught in Porath et al., "Agar derivatives for

19



(BPSA). In ajar, 10 g beads, 30 ml of 5M NaOH, 7.29 BPSA were added and
agitated overnight at 50C. The beads were washed with 500 mM of MIIli-Qr)
qual ity wapenizns3?when stored in 20% et hanol . Sel ecti vi PgTiuSsttioORMEsUl t S
are shown in Table 3. [089] Exanpl e 3C. Asymmetric Agarose Bead with

Uni Cheni t tinct P ' ' © Int |
Stracturo.w ¢ RTPTRIGARARG SRBROERS abd Be Bhind eBoes, BeSuPaf e | 1or ovod
bi ndi ng st r engioksliti@l egdr and dgdrofedndphlriqabticad farm"pflountabofidamdatograpty, i n Exanpl e 3A

were nodified to, c te e n enders. with inproved binding
strengt h/ sel e&i%0; {95/9? h@?ﬂjéﬁgge%[‘]’é g&é’&‘@b's\ﬂe? 'BWﬁooFﬁ_ dg? MITi-Qr) water
and filtered igdMrénca mebeaaamethEhmomdd vﬁtﬁl&@l ggl;@WehemeE)fimdﬁﬁ 120ga 20niL

sol ution containj ng@ml(dﬁgl ans of acr

| f
2cid, 17.5 g Brsoniion pl hgMAROR: D asosig s terqansw@?h?%a@@ﬁéeﬁ%aisgnd‘)g' 12

granms of Irga@g!fa%(iwenﬁg%ms@ BAY bedals Wer@ashbd Witht3300 FN& MAl-a®lqudiydag was
pl aced between two po thyl ene sheets. The polyethyl ene sandwich is then

taped to a tr&’ﬁ@b@?'?cnw |tQSt'WP%1H5@@W@Fah'é:*assenbl y through a Fusion
Systems W exposurﬁ)sg]abE Rbik 31 éﬂrﬁ@tnc N%ar&‘élB'Qad WithTRiqd cRopR@puUre i s

controlled by how fast the asse hrough the UV unit. In this
exanpl e, the &8diennans %W%D@hﬁﬁi@gqﬁllwgw Structyre with stapdard per minute.

The assenbly for five mnutes before the bag is renoved
and the beadslc%oﬁ%)lecﬁye)@gfu}‘glom hed with 500 nL of MIli-Qr) water.

[091] The beads wefo8s]t hieporionaf telbegds madin Egempb% wereoundifiedhig createiane f ol | owi ng
met hod: 50 m sﬁﬂda‘dqc%tlé?\e&g\%n a‘?enlapﬁré l{&@% c;dﬂeg’\g% lurﬂfme@:{o agarose

solution (D5 arosefrom panagar alnas arr

agar ose- beads blsulﬁte ur 2janésg behdemmbofwﬁ}a@ﬂuatef 7197 nfeh0%iwt NaOHatdZQQQ under
constant agit on to ohbtain an emu seis

conti nuous. ﬁ%d“@h*ﬂ?tgwb'aﬁfttwﬁ%’e ?%dgﬁ a'ﬂfiﬂ%%%d ?Vﬁrpmﬂﬁﬁjagﬁl PF?’E’%“‘L?&? 12. 7mm)

di aneter, 6 i bediewereWaghedmit) 3 k 600gI EEMIllic® qiality watermi xer ( KMRSAN-12) at a flow
rate of 3Umin into _nmn ojl at 5C The resultin arose beads had an
esti mated ext er nal [qsgyefhetbﬁ?dém@gen(gpaticg mea{“rﬁgaﬁoﬁeea%ﬁ(@ %ul ation was
predom nant'yfcﬂibvlﬂ?rﬁetmrﬁﬂdnl(ofthéﬁ%swa&eb&n&&SmWBO@ml&ﬁB%|a§aiosewashed wi th of
wat er, et hanol er and sieve bead al ze range of 75

to 125pm TheS?J\étQB@ 9%038}’8@§'FP?{1€8%1 )@ @Paﬁ'ﬁ’@’ ltr b "lgﬂ@s‘?%ela V8 U%Bught in

Porath et al. as A@ad todo00nY aftniNes off 2190°CungerasriR@NtAPIRition 1B bBEH BEPhOr esi s and
gel bound enzynes. Desulghat ed and reduced crosslinked agar ancL agarose in

spheri cal bea8MEIgPHiR whichy e pbhags s egnFnqus: Rf-emisipn wagihen piyiped Gioyg
167-177), the a@lssﬂchmwrnﬁn efamwei thche% fBQMﬁ\WIohg’Kéhfc@%tﬁtnﬂkbrWR ef er ence The

beads were WaSéRﬁQ\Mt rTL quality water.

)ata ﬂow rate of 3le|n into mlneral 0|| at 59 e resulting agarose beads
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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[92] The beads were then nodified wth bronopropane sulfonic acid (BPSA).
In ajar, 10Oy beads, 30 mMl of 5M NaOH, 7.29 BPSA were added and agitated
over ni ghtwet2o0B2ads37%he beads were washed with 500 nl of Wkiriis2@@md21aqual ity
water and then stored in 20% ethanol. Selectivity testing results are shown

Chem cal Envi PTHRIEE0G M RaOTde hrthed Pleed oy RRE RGN Rler i o 1

Structure wit lthensterdin 206 etteahdl Blectity festing &%mﬂsam@ﬁoﬁmh Eabiked.s with i nproved

bi ndi ng strength/sel ect Vi t e 3A were
modi fi ed identical f4§° %ﬁPeAy@m\ﬁrpg\b%{ﬂseﬁa‘? ?F‘%@W Al pdi fi cati on
step as foll O\anroﬁrhautmcmom@rr@t ndr@sizm@ioﬁs rterivdl Sthjc{%fmmmfv@mﬁé\e sul fonic

acid (BPSA). In a ja eads, 30 of 5M NaCH 29 BPSA were added
and agi t at ed GQPQ‘P?HCQ‘I?P eéFﬂ‘a@GGXte"ﬁﬁ@ “HB&'&P?V&%?'@'WQ?{BWS&WWWSOO m of

MITi-Q(r) quality 1LeA pEHiA oHn@Bea'as Aa&dn Eihn%@%)k%?éﬂﬁ&'ifed @Qb@fét ivity

testing results are shown in nP 3E. Asymmetric
Agar ose Bead \ﬁﬁttonexsﬁaraeéxwermwa@qmpmw b"ﬁ#ﬁ‘ﬂé?‘ﬁf‘gth5ﬁ|9°t'w% heibgadsyete Pore Si ze

Regi ons: | nt e Rgleq Witk stgtrwoww édswhtea/fnahtevéa .rﬁ@s bmakecwce' whckgchange

extenders with inmproved binding strength/selectivit [96] Beads from

Exanpl e 3A wel®mipeasiadead to aJ%th sohtioncoptainipk 2bgraes ofe- anry!amlqoadn%ﬂuhl tional
final nodificaty \¥ tlf’?éj ed with

br onopr opane ?LF O%(%ﬁ%@fa@glaﬁoe Eggkwpr@ %rar ér(r)\l’ﬁ‘ bﬁ\g{hgﬁ&w%@&%dd f 5M NaCH,
7.29 BPSA wer 6.13¢ued oamaclw@@ 2939 KdBA)rer masgthbagafhemc bmwa&}é@d@; wer e washed
with 500 m of en nodified with
br onopr opane s %)Ant{”’%gla);ce%h&@?%gyg’ TW?%oWethglg&esf gm% egga *?n of 5M NaCH,
7. 29 BPSA wer dramsgoituhitashidgh eayv&yaﬂ”eds&emlymrgngh aEIJSIdﬁ(Wsterﬂ’mv expasjme laer e washed

with 500 M of M. i -Q.r | i er d .t hen, stor % et hanol .
Sl oot vty oot R, b ekobstRlhnia o Bl iaS Y Sbertefl 8 o) e
Sel ectivity ofthrégl thewlviunit Intbia exesplePhaasserhblypunplee thiayGh Re 8N cliadprdtysozyne Peak
(CV) Peak Sep% ?eef per mﬁ'ncfv.)Th:e)’ |a3$s%|191bl)Z is%ﬁ'o‘w?ad % sﬁ 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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3C 18.2 28.3 10.1 3D 20.4 29.8 9.4 3E 20.6 29.7 9.1 [ 98] Exanpl es
3C-3E teach an asymmetric agarose bead whose internal bead structure is
nodi fi ed wocorxiiegyot o the i nventive method with the extecwals2ebmnontur e
being nodified via a seri es of standard cation exchange rret hodol ogi es. By

conparison, Exanple eaches a ar ose {th the internal
and ext er nal struc[oﬁ?]e ﬁ‘é%ﬁ@SWB@ @ﬁ%@@m\gwpﬁ"sﬁ“ 89('% ge net hods.

[99] Table 3 gm |nté]@r ﬂ!ng@éd%HOQiﬂobmW7|2@@P8Rdleke>éﬂ@mﬂiﬂaglﬁte‘derrTB of the
col um vol unes (¢ ded to elute the qpr ot el ns urllggﬁwésodl um chl ori de

gradi ent el ut P\@H"g ?t5p§ hechepds; wesg washedwith Q0GH of Miji-@a 6¥W Fast Flow, a
commerci al  agmeRSEred A% ethBAch GeREivAy B41RG fedlits SRBRIWALA TblelRet ween the two

pr ot ei ns.

[093] Example 3D. 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

[094] Beads from Example 3A were modified identically to Example 3C with
an additional final modification step as follows: The beads were then modified with
bromopropane sulfonic acid (BPSA). In a jar, 10 g beads, 30 ml of 5SM 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. '

[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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[0100] However, Exanples 3C-3E, with the internal structure containing the
i nventive nethod, provides a nuch inproved separation of the two proteins.
[0101] Bxsopbe/nsSel ectivity Testing Met hod. [ 01@2fr/Ubamopontiei ns of
di fferent net charge and nol ecul ar weight were used to test the nature of
the sel ectivit ?_(rpor sepgration factor under, typical, cation exchange (CEX)
conditions. AlfP¥lre df a prote¢in containing 0.5 (ng/mM polyclonal 1gG
(Sigma) and Of{§pny/ m Ilysozynme (Signma) in |50 mM agetate buffer with NaCl to
give conductiyity 10 n5284 pH 4]26.here appli’%ed to|each sanple colum at 200
cmhr (7 cm baﬁe%éﬁ"ﬁht, 0.66 cmdi aneter) |such thgt the net protein | oaded
on the nmedi a wagtgQyno/inL. The protein m xture wag then eluted at 200 cml hr
using a 30 CvLNaCl gradient starting at 10 nS andfending at 80 nS. The peak
for each protein was recorded in terns of colum volumes (CV) fromthe
start of the eluti r agli [ vl r : 3] Exanpl e
5. Determ nation oﬁB gﬁf%@?@%%%@??eg%h %{a%ﬂﬁnéﬁ:ﬁag%rﬁ{erbgﬁ\gﬂ)se ln[e%p [ 0104]

Af t er addi ti omeafstrutigre ssumobddiedaccerding to the inyemdivpmethdd with thgleydeindlstruaitrdier ( AGE)

representative . . f | i Ll i t above were
washed and ti ?’F@?gg&'f\%ﬁtv ﬁ aéséﬁl}ggﬁgsfa%g?rg%tﬁ@&géénﬁ%ﬂatﬁ&@!ob%& xture of 10% NaOBr
(20nL) and 50mpm;&dshnuﬁxampleﬂatt&acr(es@mymriéa@)osmdMN&\e infemeal &mdom ne
e o kP e RS PR B NS, 2001
brom ne sol ution urges] Tabe 3shows theseparation bpteen I§E et Wkdzghe inteiinceft ed conpl et e
B A o A e s R

equi |i bri um caparhttelitidrolt is@RaNhA Exdnitk I 6 SPISEpHare@hdst Fiow,ahe exanpl es above
and conmerci al benchmarks were determ ned using the foll owi ng nethod: 1.

Bead suspensi Gﬂ’_ﬁmffﬁi@@&ﬁés&d%%”:ﬁ@\’i Helmiiar saparaton bEWESN eMBIPRIENS t he
appropriate equili lj186) Rowever ERmpleSSE-Brl Wit the inkefRl staktli containidy thefhe bead
suspensi ons were stirred and 100 pL sanples were pipetted into three 15 nL
pl astic coni célvetiymathodzproyiges amuetigproyedsepdrafion phihestyp piolelds (Feed, al |

proteins were pol yfdlggatxaﬁ{p@msgiegﬂﬁy-@sg{gimkhod_see Table 2) in EQ buffer was
added to each tube (10 ni)

[0102]) Two broteins 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

23



4. The tubes were capped and rotated slowy (<10 rpm) on an Labquake

r ot at or/ shaker.

5. After

WV r eadi gowar/disdgen of the solution after binding.
was converted into protein concentration using the appropriate extinction

coefficient for thg
d

the saturati o¥es%y

f

mas s

5t B At BEBREE

ARy

16 hours the beads were allowed to settle and a

6. pCraskddoabmay bance

to determ ne
;

equi i bri um cagrtd ngactispesitheSE sarfacBgfolgs. Type Equilibration Buffer Feed for

Static Capacity E

Exchange Low I oni C[co:égsﬁl %Eﬁlgg. [f;rte?r%ﬁngr]] thgréa}ilf?)lriunm ;%tgi% f?\ irr1ga éalpgcri}y(gl t..) Cation

[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.

Labquake rotator/shaker.

The tubes were capped and rotated slowly (<10 rpm) on an

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
Buffer Type . Protein .
EQ and Feed Protein Concentration
(g/L)
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
h
Hydrophobic Interaction (HIC) 0.8M Na,SO,, pH 7 IgG 1
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50mMM Sodi um Acetate with NaCl, pH 5 1gG 2.5 Cation Exchange H gh lonic
Strength 50mM Sodi um Acetate with NaCl, pH 5 1gG 2.5 Ani on Exchange 25nM
Tris, pHWOBBR/MS379 PCT/US2010/002119

[0108] The protein binding properties of the methods taught herein were
examined for total protein capacity for several different binding conditions and protein
separations. From the comparative examples 1A/1B, 2A/2C and 2D/2E it becomes
apparent that the addition of an allylic surface reactive group improves the grafted
polymer extender density such that the protein capacity improves sighiﬁcantly versus
the no surface reactive group and/or no extender. In examples 1A/1B, the agarose
bead capacity for IgG is about 10x higher, 100 g/L vs. 11 /L, for the grafting to a
surface reactive allyl group.

[0109]) The methods taught herein also modify the resin’s binding strength as
demonstrated by the IgG capacity for Examples 1D/1E and 2A/2B.

[0110] Additionally, Exanﬁples 1D and 2A are designed to bind IgG at pH 5,
8mS conductivity. Regardless of the base matrix, agarose or another synthetic
polymer, the extender chemistry can be tuned to the particular binding condition. For
certain protein purification processes, the desired binding conditions occur at higher
salt concentrations, which can be problematic for some ion exchangers.

[0111] For example, the control resin (Fractogel® S) shows a reduction in
binding capacity for IgG upon increasing the conductivity from 8mS to 16mS with
sodium chloride. This is perhaps due to a decrease in the binding strength of the resin
for IgG.

[0112] Using the grafting methods taught herein, a resins decreased binding
capacity for IgG upon increasing the conductivity from 8mS to 16mS can be improved
as demonstrated in Example 1E and 2B. Once again the binding properties of the resin
can be tuned regardless of base matrix, creating high capacities at 16mS conductivity,
and enabling a >50% increase in binding capacity under those 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
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Hydr ophobi c I nteraction (H C) 25mM Phosphate with 0.8M Na2SO4, pH 7 1gG 1
[0108] The protein binding properties of the nethods taught herein were
exanm ned wonot2atiad7opr ot ei n capacity for several differerCThiSoaione119
conditions and protein separations. Fromthe conparative exanples 1A/ 1B,

A 2C and 20 ek e RaR AT he BAAA N of b LGP Bl Y11 ¢ surface

reactive grou ves 1 poly enS| such that the
pr ot ei n capac sdpgrationmf the eemmhents df the dnid bg:npleeeleahsstatiocprolpmmﬁeﬂce reactive

group and/or no e es 1A/ 1B ead capacity for
lgGis about ¥ ﬁqrwﬁ&.pcoq@(}erﬁ%qﬂ@guﬁi glq_aﬁdfepgn%{na@naﬁgrﬂal ng to a surface
reactive allyl growmm] The mvenubrﬂéiﬁﬂikovibemmhl@day liealsl@htb inoeasitie al so nodi fy
the resin's bhn(g stren ) dem)[ﬁ tf{ated bég{?’ Gcaa ty for

Exanpl es 1D/ 1 E?&)‘b‘ép f°”ss'“°‘”f[-‘§)‘i' URYFROtEs Bh |"9F’ 1D and 2A
are desi gned I&héxuﬁ@belmm@uaﬁllungblrtﬂockﬁ@ﬁeelﬁm@@&feybwrestmggamm}s@w of the base
matrix, agarose or another synthetic pol yner, the extender chem stry can be

tuned to the pRieinsand the ke dyind ARteincsReArationsn TherRglymeresxienders aded tathg puri fi cati on
processes, t h@urﬂ@édfb@r@us@trﬁ&]ré%r&%@!gﬁlf &Ht%w@ﬁ&bb’paél& afHighBedond@ivity

concentrations, which can lematic for sone’ion exchangers

[0111] For exarrpl e0115d|eThééﬂﬁmr'@ﬂ |n¢4'é1§$ or exampe; eRge Pi(the compongAtéws a reduction in
bi ndi 8nS to lé6nt
I nding capac %r%lrfegfna@aﬁ ?Q&Qge' B4ch SR ﬂ%g&&ﬁts%ﬁfgg@lggé&ég\éd Eﬁﬁgd 0

W th sodiumc or | IS perhaps selint bi ndi ng
strength of t legethesgir pachof the epmponents preserftghtagethetis a nefalohie.9g pmthe sange net hods

t aught herei np?@ &%blgér]%esﬁeg@gﬁ%c%lg&l ng capacity for 19gG upon increasing

t he conductiv rom can’’be i nproved as denpnstrated in
Exanpl e | E and 2B. [0Or eThadraéntive graftingi nmedfiodgjagtaugpicheteingan mfreasedher esi n can be

tuned regar dl gigy A LohARA sIBLY sy B ARG Vo0 ARG LI B nd O

conductivity, I ncrease 1n g capaci y under those
condi tions. Teraceam&bdtélhngttlh&apoca‘éndm&stm@gIddfwhnn'@ecnriverhtgé?graﬁng‘m@lhrmlr
conductivities which ex d|t ons. .one ski.lled in the art
could use o SuHBERETROR0RS aler Be P BralPUbha AR BN N " Y0 M e
present i nventwmﬂuoeIaéslmopeﬁleﬂnewédl‘or&ffyctlméles@aﬂﬁcmsaﬁtsltmghtnﬁtem)ds

i ncl udi ng, but . not i i

hr omat.ogr aphy: preparative protein

chr omat ogr aphSERLE PRIk ERLNR eSS P PegRL e SEdRET & MR f ugar i on:
on-line sarrFI eor:anoamruaéd Binally the 8@&vtisd graftingi riethoti S thuget heebire@nalsé i ¢ t esti ng;
transport of chenic nspor t i ool ecul es;  hi gh, t hr oughput
Scr eent ng: _af PIOSHER SRENHAMHGH SAbS SYutcarsBiing CRedts onLEoENG Sampl e
si ze-based separ at jo@{y] Ofhe GisGosBREBGEE HbEvePhay ehddn édé'nﬁﬂh?l@ﬂ'@im@t physical
properties based separation of the conponents o | ui d sanpl e; chem cal
properties inventions with independent utlllty 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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based separation of the conmponents of the fluid sanple; biological
properties based separation of the conponents of the fluid sanple;

el ect r ostwoi2012pm637@rt i es based separation of the conponentassedionbm1d| ui d
sanpl e; and, conbinations thereof. 10114] The invention also provides kits

whi ch may be i.ncr ase t he bindin orous structures
with diffusiv 6859"3?20'%95 8 8?rﬁéegﬁ59fe€?r¥?°h@§q gﬁ‘@jﬁ%&%ﬁa Berg&ﬂ? ace W t hout
filling or bl meditiord of heprdsdnf dissiovige.por es, and restricting. diffusion of
proteins and the like during protein separations. The pol yner extenders
added to the surface of porous structures provide significant binding
capacity at higher conductivity. [0115] The term"kit"' includes, for
exanpl e, each of the conponents conbined in a single package, each of the
conponent s i ndividually packaged and sold together, or each of the
conponents presented together in a catalog (e.g., on the sane page or
doubl e- page spread in the catal og). [01161 The inventive grafting
nmet hods as taught herein can increase the binding capacity of porous
structures with diffusive pores by adding extenders to the surface w thout
filling the pore and restricting diffusion. The inventive grafting nethod
as taught herein can also alter the resin's binding strength and
selectivity, which are two critical resin properties needed for effective
protein separations. As taught herein, this can be readily acconplished by
changing the grafting conditions or nonomer conposition used. Finally the
i nventive grafting nethods as taught herein can al so produce extenders

whi ch have significant binding capacity at hi gher conductivity.

[0117] The disclosure set forth above may enconpass multiple distinct
inventions with independent utility. Although each of these inventions has
been disclosed in its preferred fornm(s), the specific enbodi nents thereof
as disclosed and illustrated herein are not to be considered in a limting
sense, because nunerous variations are possible. The subject matter of the
i nventions includes all novel and nonobvi ous conbi nati ons and
subconbi nati ons of the various el enents, features, functions, and/or
properties taught herein. The followi ng clains particularly point out
certain conbinati ons and subconbi nati ons regarded as novel and non-obvi ous.
| nventi ons enbodi ed in other conbinations and subconbi nati ons of features,
functions, elenents, and/or properties may be clained in applications
claimng priority fromthis or a related application. Such clains, whether
directed to a different invention or to the sane invention, and whet her
broader, narrower, equal, or different in scope to the original clains,

al so are regarded as included within the subject nmatter of the inventions
of the present disclosure. CLAIMS WHAT IS CLAIMED IS: 1. A nethod of

nodi fyi ng a porous substrate having diffusive pores and surface
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reactive unsaturated functionalities, said nmethod conprising:

a) providing a porous substrate having diffusive pores and surface reactive
unsat ur atwod 2b1pmasizenal iti es attached to the surface of wrhe/sebshoAale. ;

b) providing a solution conprising a grafting nononer or a m xture of
grafting rmnogm&ls and a sol uble radical polynerization initiator;

c) contacting substrate with the solution; and d)
initiating fregaTasiCcaMEDPE: yeri zati on between the surface reactive
unsaturated functionalities on the surface of the substrate and the
grafting nmononmers or m xture of grafting nononers by the introducing the

free radical pol yambthadds 'n*@&]fyin?hbbr@ﬁs%bdtrﬁte%%gﬁﬁﬂubﬁé Mfestafd Supadd pol yneri ¢
chains coupled to the substra claim1, wherein the

substrate is &artveuesgiufatediinctioaaliesosaid meshagicemprisiidof por ous pol ymeric beads,
porous agarose beads ag‘éj pBQiHlﬁé’%pdﬁ?&fs%GBsﬁatQﬁﬁﬁg d|ff§snv rb‘3reg‘ezx‘ﬁd'gihi;fadéf claimi,

further conprising aft ste substrate to renove any
excess unreact@dlvgld@ﬁluraﬁﬁgftrmmmssaﬁafrhﬁ&todheesuﬁﬁce@ﬂmNbﬁgﬁtenononers or

unat t ached pol ymer chai %ovuﬁlﬁ Jti oln,{b H éro Bixfd volfng a protein

bi ndi ng capacity greate han ?_ 4 0 al m further

conprising af gveftingsmemm(ae)andIa)solubm;aﬂlcaigolymeglaaildlsmmaiort he poI ymer "chai ns

attached to the porous c?u?o?ﬁefcﬂ{g%e sHBsftrg‘fé%vnhF'n @ﬁgﬁ%&“)d of claim1, wherein
|

t he radi cal polynerization Initiator fromthe group consisting
of amoni um per sul f at e, d)poitiatig ireemagieal palyriegitatipn beheden thedurfacy esadival eri ¢ aci d,

lc (r)grgrgic ﬁ;? |( (r)?] s 2 ? r%%pj Eaﬁqd%unc%ngpesso(n%heasmfgde Phé su%gt"riart]eegnm Ctlarg(r)a P\lg %%hgn?ersa nd

or mixture of grafting monomers by the introducing the free radical polymerization

initiator in the solution to form polymeric chains coupled to the substrate.

2. The method of claim 1, wherein the substrate is selected from the group
consisting of porous polymeric beads, porous agarose beads and porous ceramic

beads.

3. The method of claim 1, further 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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WD 2012/ 015379PCT/ U S2010/ 002119 6. The method of claim 1, wherein the
unsaturated functionalities are conprised of allylic groups. 7. The nethod
of cl ai m®o 20dvarie37m the allylic groups are conprised of pchastawmodias

R- O OH2- CH=CH2, where R is the porous substrate surface or a |inker between
the surface apd t e a of claim wher ei n
about 20 to about kha%f'cfam?]i 3’?48@'1']qué'gﬁa-l—lffgtgﬁi“iy%"a&%ﬁrﬁé:orﬂ%{@%d(ffhe formul a
R- O CH2- CI-I:CHBIJylidlijine R is the porous substrate surface or a |inker between
the surface and the allylic groups. 9. The nethod of claim 1, wherein the
grafting nmononers or m xture of grafting nononers are selected fromthe

group consi stizng The nigtod aicraim & iwhsrein@Rrayjliagros sa?é?dom%)ﬁ’déu gfme fofulay | i ¢ aci d,
2-acryl am do-2-met hyl - 1-p h§|Eanesul foni c aci - (et hacryl oyl am no)

propyl] tri rreﬁrﬂlpﬁ |Roi$ thg goroys. S&P;sf"?\eéwifa&%@’gﬁ lIpkes petweeadiey, it aconic

acid or ethyl Sl}ﬁaeéléndlﬂ@tawn@ roGdsyci dyl methacrylate, N N Dinet hyI acryl am de,
acryl am de, hydroxypropyl rret hacryl ate, N-phenyl acryl am de, hydroxyl propyl
acrylam de, and conbi nations thereof. 10. The nethod of claim1l, wherein

the diffusivegporfyg n%ﬁo&@ﬁlaﬁ@&%é\?reﬁ‘é?&#é@%%b&ﬁ%@ obAL 6 siilfke > about 100 A

and < about 1 p. n‘éﬁ a po us chromat oagéaaphy bead
havi ng di ffusraaetlvaw hayetthe feimuladt:-@-GhieC § , Whese R isdhe orpye pubstraieni d met hod
conpri si ng: surfaceorannlgferbei%)/ee g\éhﬂcg%dﬁheoéhgf&p g{‘romﬂ ography bead having
di ffusive pores, a sur , surface re unsat ur at ed
functionalities coupled to the surface; b) providing a

sol ution conpgi si hig<ls 1 . Ag nononers,
and a sol ubl ebradﬂggﬁ{hgé){’i?%gnr %?l ortlﬁlgﬁc ?g{%&ﬁﬁe%&n%&ur%f%ﬁatﬁlngc) contacti ng
t he chr omat ogmapdmerdeeasklesied frorh the gmop c:mslstrmg of methacrylates, acrylatéy, i nitiating free

di cal I th t t ed
funct fonal 1 11 Evatess Enfical ZRe oee i Aot bBe B R 1 St bre of
grafting nono(rmtt&crwyladnm lpmbylpﬂinmnylammoorhmthiendeﬂlalaoqwmlqmeylypomlacnzat| on

initiator in the so form chai t er coupled to the
bead; itaconic ac'JJ%fﬁﬂd@ﬁlkﬁt&"et Jéf%ﬁ Eéem)@ﬁméﬁgﬁ E‘@gs unr eact ed
graftl ng m)noaaylamdmhydrdxmopyfmamaaffyratempmmemarﬁude aydraxpipiopyhched pol yner

chai ns resul tl&'ﬂ in ad? us chro tography bead having a protein binding
capacity greaf anigie, An '@?tIQ“St ‘F{ f) coupling ligands to the
pol ymer chains attached to the chromat ography bead surface.

10.  The method of claim 1, wherein the diffusive pores on the porous substrate have

a pore size > about 100 A and < about 1 .

11. A method of modifying a porous chromatography 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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12. The method of claim 11, wherein the porous chromatography bead is
sel ected fromthe group consisting of polyneric beads, agarose beads and
ceram c bweds12/01889 The nmethod of claim 11, wherein thepcadisec@lo/002119

pol ynmeri zation initiator is selected fromgroup consisting of ammoni um

persul fate, potassium persulfate anoval eric _acid, lrgacure(r)
2959, 2,2'-azobis(2-ani 65"5'9&5}5&?1785})2‘?1!?&98%?“)'8%/ e&*e“"éer?ate%%’ﬁ@"%au ons t hereof .
14. The met hoghofmesd, ﬁhixmeloigraﬂﬂigérh@iometfsm ubdNaEHet paljneed clisinsedsultigdh at i es are
conprised of allyl |c

hod of cl ai 4, erein the
al l'ylic groupgorafsehrep Q’F&aeﬂfjhal’"?ﬂea W%tP'Pn&J'I“ "%@W"&é@i\ﬁw ere Ris the
porous substrgie surface or a |inker between the surface and the allylic
groups. 16. The nethod of claim 11, wherein about 20 to about 400 pnol/ni
of surface reactive grdupSoURiNgdganaso thePRNE chaits apeediatt® »  where R is t he
por ous chr omagpghAcRp ?s‘égs@fac@. | i nker between the surface of the bead and
the allylic groups. he nethod of claim 11, wherein the grafting
nononers or mxture of grafting nononmers are selected fromthe group

consi sting of 15=! R ietdbpim PEINeE £ porBis chloRlogfEmyRat i iilleal | ons

t her eof . e met arm 11, erein usi ve pores on the
por ous chromatr@’gtha toyp c;ma@lmhaﬂmlmerpche@d%ag@@sw@ﬂmnd ceRMicheadsd < about 1 p.
WO 2012/ 015379PCT/ US2010/ 002119 19. The met hod of claim 111 wherein the
| i gands are selected fromthe group consisting of strong cation exchange
groups, sul phopr ofheimethed bifctim 1, whdreln tharddisal pelymerizatipe infiatotip selected

tri met hyl ammog] ] . i e rboxylic acid,
weak ani on ex%@ﬁ%g&é@?ﬁ%ﬂﬁgcfaﬁﬁﬁh‘aﬁﬁ g%%@@%ré%gag%}%%&%ﬂf% Ob'sgﬁobi c interaction
groups, pheny tyagovalepsacidolrgagire® 2350 £52'-azobid(2@midinotprapanea)iydroctdotide afdf i ni t y
groups, Protein A .Praotein G and Protein L. 20. The nethod according to
any one of cl 8‘?W t?onsgweref and 16 wherein the linkers are selected fromthe
group consi stl ng of rret hacryl ate, ami des, acrylam des, epoxides, am nes,

but di ol | I thyl di.ol, di gl yci dyl
et e e Dy PP P B Y RISV S EP S1 51
allyl (chl oro) Gly owksi | ane, ally' glycidyl ether, allyl bromde, allyl

nmet hacryl at e, conbi nati ons thereof. 21. The method of claim 4, wherein
t he |igands are sel ected fromthe group consisting of strong cation

exchange groups, mélniélma@mmﬁm Wh@ré.@fhb%uyﬂ@gr@hpsamc@mp@é@dsrmamgléoups
trimethyl anmoni um chl ori de, cation exchange groups, carboxylic acid,

weak ani on ex&{aRbeC '@'T%ﬁﬂ‘e’elﬁ\lsﬁ‘ﬁé?rﬂﬂﬂs&m“ﬁ@S”m@a'HWP%?RS‘BMC i nteraction
groups, phenygur%é)é;{ashegwgyou&roups and propyl groups, and affinity

groups, Protein A, Protein and Protein L.
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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