ASYMMETRIC POROUS ADSORPTIVE BEAD BACKGROUND OF THE
INVENTION The present invention relates to asymmetric porous beads
suitable for chromatographic use. Biomolecules such as proteins,
polypeptides and fragments of biomolecules have become important
agents for pRSYMPVEUTEIGROBROIDADSORIEEIVEBEADENtlY, the
purification of biomolecules often involves multiple steps, including
chromatographyB ABKSYROENDOT TREINVENT TONmMatography media
for biomolecule separations is well documented. Often the
clTeengiageaphieséansmarechaciorioehsigingdpackedords bédgadsifable for
which a product or impurity is separated from the feed stream. These
chronbeagdapire generally a base matrix (such as a polysaccharide, synthetic
polymer or material, ceramic, glass or a composite of the foregoing) that
c@Bitainsceukeshens padifies polhfemtlsnaldyfithahoerof tiomididhees have
biomolecule via chemical or physical means; it provides a "driving force"
beconferibipelitigitoideiey d6tipharhiiscemivyl andseiaghuiits agidiestiamntrilgiesrdy, the
how the media performs in the desired separation. The ability of the media
purifitatiffeof dPineilesalearatien hetvieen hicitslecwps imoficinteidifaddmasiphy.
the "media's selectivity". Typically these matrices exhibit porosity that
The sgfcwsisainithads s plaoule dirdrtrregtdshaceedtatiier iblermsevolempattivas is
particle. This internal porosity is uniform through the particle.
well dobuarentatrapffienstpaiatbansdypiphilysaspscat igafotthbd agiumpacRad keds of
with the separation matrix in form of particulate beads. The size of the
beadsrirediki¢iastinledudicia tiespiinét Kiiseitparateh erempiwafied, dntdanmdllkesparémle are
can result in high back pressure. To be able to separate large molecules
generilhly paeticlesariro (Hdchawe [potyspotesideutyathetiogrelyniedoicmdieial, ceramic,
mechanical stability of the particles, particularly with polysaccharides such
glass aw aglacospokiaty sdcdiarfdesangndantagenims becdisse thety anedifiedalyith
low protein binding, easy to functionalize, and can form porous structures.
functiCaulitgntianaityepoly satthhdred dibaadecale tipichkyninaldefrphydesd means; it
polysaccharide with a uniform or "symmetric" pore structure throughout the
providusaal “Hieing lfsaf 'tHiesbiisyngnoetiitédaetos. ifChisedgletinefrpf interactions
(cellulose), Sepharose(r) (agarose) and Sephadex(r) (dextran). These
contribyasnethevh dads ddiwiperddents @s trr dagiralisdparatitern dlhetabilityeoHtlibenedia
bead. The chemical environment (pore size, hydrophobicity, ligand type
to affactdaligaved depeityiparbetwsentiabynolutates witbftenhe faterhad sisuitieirémedia’s
Therefore, the nature of the binding environment throughout the bead is
selectimitfdinil ypithatiyet Isysst amijdése cttibitgpforeityah segisataioctm bsfrabedhle of
difference in binding strength between absorbed biomolecules. Typically
interepthteraecsysrthreintenedivibunse of djntiparatien dfiisedtkrdedgpstositgtis uniform
through control of the buffer conditions is the only driving force for
througictheyiagithe desired separation. In addition, polysaccharide materials are
inherently compressible, and often require chemical modification to reduce
cdthpressdgiitylscshpastimmigipicadlstirkoagied odtnatbelupnoppabkat with the
symmetric resin is the mechanical strength of the media, which is a result
separafdhenatateiiafpporef startdtutaabehd erhic sizmofiific aiedia pyptictdb/diotates the
polysaccharides, the smaller the pore size of the media, the greater the
kinetinsechtheicapstaciogstboiusiel leigbartictascemtnatioh of bidhd adtepiab{lowelo be
porosity). However, the smaller the pore size, the more hindered the mass
able tvasepianief lange nspeits ($echaakiclgGihnithl thevadaggbgutdhdnetfdaege pores
symmetric media design often involves the




optimization/trade-off of particle rigidity and biomolecule mass transfer.This
optimization problem is further complicated by the fact that the permeability
of a symmetric bead is the result of the size and size distribution of the
particle. As the particle size gets smaller, external particle surface area
reducérearedanchihersiiine Sldopstivhss paatisitiDwittgmiliiaccihedenalter as
particle allows for a shorter diffusion time out of the media, thus causing a
agaro$e0rePednerolaiaes nacradhvahitigeons dcddaswenesy this ippiealBMRIW opridtein
mass transfer is at the expense of permeability, which restricts column
bindirgimesnsions daactiwdiizAd)ramdheh fordh pabysbiswotansle se€paRalitionally,
the species of interest (target molecule) is the most concentrated species
polysaodineitkedstdskale tipieaNyordadéhamponisian Bradhbtidsivath penasfidageor
of the total mixture to be separated. With symmetric chromatography
“symimnei, poecstprratiothisgiientdie desdbythinaivigstiof ficget snalerutiz abdads
some of the impurities, and then separating the impurity by using the
includel @ik ufina@it(oeltid cithe Siiaiodt® speciss,) lhideShphader@aslateary These
similar in their binding strength to the media, even if the proteins are
symngiffierdiebds Hine] thelsepasatiopugholtetierindiffisliliticsomefCdsedetite The
difficult nature of the separation is the result of the limited number of
chemudaliegvioroeraffgeiincsihg hydfmstabicitihegandagpdt meiligand |dersity) are
yield of purified protein from incomplete separation or that another
essentihilignoaiégtaphitidiephis themessantialrto fditessfonesifthéhratargeifimdebinding
using a different media with different driving forces for separation. This is
envirdmemotisonging;tinkéfibeadt snanéfipensilte theseRsieme) thacdtiaige bamdfor
are well established for uses including expanded bed or fluidized bead
separativnrrateg aphythe iftatncthads mimig satn gite betade hybaddied) i ettt arles.
non-porous sphere to the polysaccharide (typically agarose) during bead
Typictdlynation.d 3 thimetndaa nesinai H asctiywitiarieativmofehrobiptingus pagticlésough
encapsulated inside the polysaccharide material can be formed. Another
contralonfimbe tadivviqemditionsont the salyl qrariiglefodth domakdrievitiatthe desired
eventually becomes the absorbent. The solid particle serves no function in
separdtierprdte il didpacipplyssebarattomateoipdy tes mhtrenblgachniressdricland often
typically acts only to modify the density of the bead such that the material
requircathdei cled ddifreatiepaokeduse d@pplicatiolisy dochoamcheasgs divssiolikdng.
particle provides rigidity and/or reduced gel volume.  Recently, materials
ha\sotiee pogpeetp pdchvsitmswice lexditlids thar mediatdécdhgaendth of the media,
non-absorptive polysaccharide used to restrict the entrance to the porous
whiclsisucteseltinfohdenstesaligdieeshinding afdatgenmicelevotificatide. nigipteatindpor
capacity for smaller species. These materials have very low capacities for
polyséeoerides)eitul esrmtl¢helid npernadigarfdc thareswdianahavaitable thedathchanical
species for binding.
strength due to higher concentration of solid material (lower porosity). However, the

smaller the pore size, the more hindered the mass transfer of larger species (such as IgG)
in to the adsorbent. Therefore, symmetric media design often involves the
optimization/trade-off of particle rigidity and biomolecule mass transfer.  This

optimization problem is further complicated by the fact that the permeability of a



Previous work has shown it possible to modify a symmetric polysaccharide
structure with a chemical modification in an asymmetric way. This
technique allows for the creation of a changing chemical environment
within the bead. Typically the modification is used to provide a neutral layer
symni¥tribebeattsislalef faqihestithEhiszprenve nisdotiingbafibhe siufisidpaefithe bagdhe
especially in dirty feed streams such as those found in expanded bed
particdsapigets EoidNpr Howeauer pitiscledhifyce dogsneéshanged therpie stzeloes
of the bead, therefore resulting in a symmetric pore size throughout the
mass hedasfer. Dgthgadsutisn, ieyenhdRrn pletieloptidwe fediBhthrpdittusion tine out
porous chromatography media. Using these techniques, the creation of a
of théimedial disisibutisingoh patesizat iapasdibiartdawsuabn Hsakora st ethis
is evenly distributed throughout the bead and therefore does not create
impreheneiaally tinonaseaiansariibinthdenpiadust/pdiatcabieedhich restricts
selectivity. Accordingly, a better media design is needed to improve
colunbiodirakesivasundiertdanthioughjch. the separation is driven by more than
one characteristic of the biomolecule. 5SUMMARY OF THE INVENTION
THa piabjebivnod]dealpriopattivayethespooisrofrimebystieayesalecule) is the
invention, which provides an asymmetric chromatography media suitable
most fosimepatatio npaiglidatihea Sepdsticklariy asheackedatle finiginétcbedeobnly a
magnetized bed chromatography media. In certain embodiments, the
smallasaticematiecotiemetggrdphiyeme die spanptise s Witkhsymmetiic ¢admbesgraphy
preferably beads, having at least two distinct layers, generally with each
medifathie gepiatitioncizndftdie dfifaredsize biisdiing) tinn sargee fexdbiylenmadfshae of the
distinct pore size distributions is in an internal region of the particle, and
imputiteegthed than sepaataipaleegipurioy beaising ahetbitionticiadifioase difiinaitiate
, pore size distributions can be modified with uniform or alternatively unique
the sfeaBonH] hkotips spavikg unesvetfusintitaraingtioeip diddinpheergsend the media,
invention allows for the control over pore size distribution within an
even @by rpedteiroanudiffartntabyipep vidingpardistinchintervat yedjifficult. In some
preferably in the form of a bead, and a distinct external region, preferably
casesintibeliffitcalohatasatifithe sdp@dieadis the Tésmlasfitiadindtbdadmber of driving
accordance with the present invention provide rigidity and allow for control
forceohffietingthdransfenpath dhpackeatsaddnedtia. aNeiged yieldiafoaurified protein

from incomplete separation or that another chromatography step is then essential to
further purify the target molecule using a different media with different driving forces for
separation. This is time-consuming, inefficient and expensive.

Filled polysaccharide beads are well established for uses including expanded bed
or fluidized bead chromatography. Typically, these materials are made by adding a solid .
or non-porous sphere to the polysaccharide (typically agarose) during bead formation. In
this manner, a bead with one or more non-porous particles encapsulated inside the

polysaccharide material can be formed. Another common technique is to coat the solid



20 be stacked higher, thus attaining an overall higher absorbing or
exchanging capacity for the column. By shortening the diffusion path, the
gel can be utilized at a much higher efficiency than homogeneous beads.
Under certain operating conditions, cored beads can result in sharper

particRIutiioh P aaksrhdhless/bufiell ¢ besonigiitr. absorbdRotiEiaasiCbaftibis serves
invention is the ability to have a bead with two distinct regions, each having

no fufgtoarimalie phateietedisitis toatspdifiesanpiopentitie sfthie. beadexahplsarticle
may simply be pore size that differs between the first and second region.
typicallijertawiyntand/difadelitdenaity, of thapdad kgelnchiyiee deinaiyl cambstused for
media 5 material and/or percentage of agarose used in each region (when
non-pathkihpehapplivasedseat) snsid¢haddeteasditieparticle protides ajyidistiand/or
of the cored beads of the present invention is in fluidized bed
reducethgeinathgnephy or magnetic chromatography where the core provides the
required density (for fluidized beds) or the magnetic properties for the
mReewtixe tnhe:ghkohastopgerp Hyy BoiEd-vidih SCRIRAd OO o iTatFouter layer of
DRAWINGS Figure 1A is a cross-sectional view of a symmetric agarose
non-absagthig el ydacshartio ssae tbiaesiride the featrasgmméict cpagaue Serietact, in
order to avoid the binding of large molecules while maintaining capacity for smaller
species. These materials have very low capacities for larger molecules as their internal
surface area is not available to both species for binding.

Previous work has shown it possible to modify a symmetric polysaccharide
structure with a chemical modification in an asymmetric way. This technique allows for
the creation of a changing chemical environment within the bead. Typically the
modification is used to provide a neutral layer on the outside of the bead. This prevents
fouling of the outside of the bead, especially in dirty feed streams such as those found in
expanded bed absorption (EBA). However, this technique does not change the pore size
of the bead, therefore resulting in a symmetric pore size throughout the bead.

Methods also have been developed to modify the pore size of porous
- chromatography media. Using these teéhniques, the creation of a bimodal distribution of
pore sizes is possible. However, this pore structure is evenly distributed throughout the

bead and therefore does not create chemically unique regions within the bead to tune/alter

observed selectivity.
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15Figure 2A is a schematic view of an array of asymmetrical beads in
accordance with an embodiment of the present invention under low stress;
and Figure 2B is a schematic view of an array of asymmetrical beads in
accordance with an embodiment of the present invention under high
stress. 20DETAILED DESCRIPTION OF THE INVENTION The
asymmetric chromatographic media in accordance with the present
invention enable the tuning of the mechanical and selectivity properties of
the Awediditglprovidbeiteprowsiamdesigals isaniessledly touiteapror didnnsiededele
~ separations. In a preferred embodiment, the media includes two distinct
purifigasiensydmerhinh viith ssaetetieniifgdiisandcamre lBanpens shaasistiBisiehshe
~ with unique chemical modification to each pore size region. One distinct
blorp@l@%ﬁ%e distribution is located in an internal region of media, and 5 the
other is located at an external region such as a coating. Although the pore
size can be the same in both regions, yielding a symmetric
chromatographic media with regionally different ical modification,
preferably the pore MM&M Most preferably,
the pore sjze in the internal region is smaller than the pore size in the
external regiSn® %eréllieogf{lﬁeg B%Pésalgifbatvﬁaﬁ?gﬁla?lyeﬂcrﬁwgd?b orEﬂe present

invcael%ﬁorrllq,p\lﬁiiyﬂepi%%elaréglarll%éjy%rlrengﬁzlg ((::l‘iarrolrplgtggrpaaﬂhg Ql%'lcgg suitable for separations

applications, particularly as packed bed, fluidized bed or magnetized bed chromatography
media. In certain embodiments, the asymmetric chromatography media comprises
asymmetric particles, preferably beads, having at least two distinct layers, generally with
each having distinct controlled pore size distributions. Preferably one of the distinct pore
size distributions is in an internal region of the particle, and the other is in an external
region or coating on the particle. These distinct pore size distributions can be modified
with uniform or alternatively unique functional groups or mixtures of functional groups.
The present invention allows for the control over pore size distribution within an
asymmetric porous particle by providing a distinct internal region, preferably in the form
of a bead, and a distinct external region, preferably in the form of a coating on the bead.
The asymmetric beads in accordance with the present invention provide rigidity
and allow for control of the mass transfer path of packed-bed media. A rigid media can
be stacked higher, thus attaining an overall higher absorbing or exchanging capacity for
the column. By shortening the diffusion path, the gel can be utilized at a much higher
efficiency than homogeneous beads. Under certain operating conditions, cored beads can

result in sharper elution peaks and less buffer consumption.
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15 20 to effectively only adsorb small biomolecules (e.g., less than 10 KD
molecular weight) or can be open enough for large biomolecules. The
internal and external pore sizes can extend over a range necessary to

affect an improved chromatographic separation. Suitable media
materials include those typically used for chromatographic beads, including
glass, and natural and synthetic polymers such as styrene-divinyl benzene
copolymer, agarose, agarose derivatives, agar, alginate, cellulose, o
cellivpaibecspseleh (s irsentiahreniheabidodioatrvguabgenvihrive diftinct

gum ghatti, gum tragacanth, karaya gum, locust bean gum, xanthan gum

regigBptiReCh NG ABDARHEOEhESGRStcA Shabds WIRIFRE M Bierer For

The beads can be formed of the same material thro ut, orcanbea .
exa’@@i]ﬁpbtsﬁ%?%ﬂWBIXr%@@?ﬁ‘é@ﬁgi’é% gl r%@'ﬁ%&ﬂ%ﬁﬁ&eﬁ?&@?ﬁg}d region.

example, th bea% an comprise a glass or synthetic polymer bead or core,.
Alt%ﬂafﬁg’ Nsﬁﬁ’g/ ghd* Cﬁtg)élg Se‘ﬁarﬁ/lg?'g%etr?l B> é@?lﬁagrbem})ﬁ%ede edia
to.cpntrg/lodensit for e mgle. Where.a arose IS the(9 e%iamra%erig [

n
matBrl [ Derc tage O agarcse used ip Cacht Tegion (whe agarose
0] e Internal and external regions, the pore Size distribution can be

bea&?grtxﬂ %ch% t‘f%Eydﬁ%EQe co‘ncentrat.lon of agarose. For example, a larger
concentration of agarose will result in a smaller pore size, and thus the

inter(jal repion capbe ek agaresshieibe eXaal Gaating laVekiapRPsed

6% agarose. Such an external layer will therefore adsorb large proteins,

chrSHGRESHEG. Whils dhaiintetnah SR Jalve reiestivelycoMithirotheeiMmBeSeal@fed
of the chromatographic separation) excludes large proteins. More
denSR§CificllynthesresQfsheoparticlesabHadresepirtention ean heagragioed
of any material that is useful in chromatography. For example, the core
chréa@tdpgaplsrossed linked agarose bead, a plastic, metal, glass or ceramic
Preferably when the finished bead is to have high rigidity, the core is
selected from a material that is doesn't melt at the temperatures used in
the manufacturing process and which is self-supportive. Suitable materials
include but are BRIEF IS CRIBTHONSOEHIIEH BIRAWANE D olyethylene,
polypropylene, blends of polyethylene and polypropylene, multilayered
polyiihwiehs/pulyprepytetiertséaisy atadiosmsdligsagfoptsshead
polyethersulfones, PVDF or PTFE; glass such as borosilicate glass, alkali
resifignteldksis asdossreasitaglpose Q%S??ﬁ@m@@@gﬁ%%iﬁﬁﬁéss steel,
nickel, titanium, palladium and cobalt or various iron, iron containing or
othefigagRdtied TrIBIRISIGF HiEhlanas cAravEansthied berds 48 whesdance
_materials, zirconia and various ceramic blends. The cores are
witharerabadisreniRirdbrry sSphEEalr wrdsular pitisure shape. Their
diam,etereg%eﬁends upon the size of bead one desires but refe(iably is from
- S In

abofit@6eniErbng 1I5BBHE 18D ARERhATAYIRHREymetrical beads in"accordance

with an embodiment of the present invention under high stress.

DETAILED DESCRIPTION OF THE INVENTION

The asymmetric chromatographic media in accordance with the present invention

enable the tuning of the mechanical and selectivity properties of the media to provide
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As is common in agarose bead manufacture, various additives can be
used to enhance production or add a property to the beads. One class of
additives comprises volatile organics, miscible with the solution. Examples
are monohydric alcohols such as methanol, ethanol, and propanols. These
can be used up to concentrations that give a slightly cloudy solution.
Miscible ketones such as acetone can also be used, but care must be used
as the solubility of agarose is less in ketone-water mixtures. An mlxture of

improrsdrinacraady thediswaberraidad dpsoiemelsnyistegparatipng rider &dgsterred
additives comprises non-volatile miscible organics. Non-limiting examples

embeflimesb helmrstinglsare RIS RSP, #RAFR Y ekitinechioraving distinet

diethylene glycol, propylene glycol, triethylene cho e.methyl, ethyl, or
e e e b S e A T
glycal, ethylene glycol dlmeth | ether cetat et

h | |.diethy h
reglgeetgee éﬁ%tfﬁﬁ SR PR s Fiieite %‘gng%h\/w diety e g

nb ther dlet Iene col dimeth r dleth lene
the 8‘15 |e?‘| 2‘? |me hégrT glce}lgi etﬂy?e gambe

the SYE0HSR0 y'eggbef ae%?elﬁf gognﬁw &{PO&R&%&%@%@M BIRDAANE, Ay

ecular weignht are a SO examp

dlffgr]caar;[ s %}Qﬁtr%‘B‘alk"cQ?fén ?%?gm}!f [HB(B&% 8%‘9’%%9%%%9&%%% different.

Materials Is also contemplat Another class of additives comprises

Mo@ %&%‘i‘e?%‘f'}bl?hg%%@esréeviﬁ"tﬁg IREIHAE Ry WY ESHRMBISS tROPOHO¥Ize in the

pyrrolidoné, polyvinyl alcohol, polyethylene glycols, dextrans, and

extdMRlEfepRINDIeHRQINRCH ARiIFGSs RElbOgsURSUtes PR R QUARHIS $hSUEBmal

as polydimethylacrylamide These polymeric additives can be used as

por@@ﬂi’&aﬂ’ﬁb {heipersage in the initial dissolution step, or they can be
dissolved in the solution after the addition and dissolution of the agarose.
Care must be taken not to add an excessive amount of polymer, as
coagulation of the solution may occur. Ratios of polymer to agarose of from
about 0.1 to 10 are possible. Preferred polymers are polyvinyl alcohol,
dextrans and polyacrylamides. The media, particularly where
comprised of agarose, may be crosslinked if desired by any of the
chemistries commonly used in the industry to crosslink materials
containing multiple hydroxyl groups, such as polysaccharide beads, these
chemistries being as non-limiting examples, epichlorohydrin or other
multifunctional epoxy compounds, various bromyl chemistries or other
multifunctional halides; formaldehyde, gluteraldehyde and other
multifunctional aldehydes, bis(2-hydroxy ethyl)sulfone,
dimethyldichloro-silane, dimethylolurea, dimethylol ethylene urea,
diisocyanates or polyisocyanates and the like. It may also have one or
more functionalities applied to it, including ligands, such as Protein A or
Protein G, natural or recombinatorily derived versions of either, modified
versions of protein A or G to render them more caustic stable and the like,
various chemical ligands such as 2-aminobenzimidazole (ABI),
aminomethylbenzimidnole (AMBI), mercaptoethylpyridine (MEP) or
mercaptobenzimidazole (MBI), or various chemistries that render the
agarose cationic, anionic, philic, phobic or charged, as is well-known in the
art of media formation. Functional groups used in liquid
chromatography that are adaptable to the present invention include groups
such as, but not limited to, ion exchange, bioaffinity, hydrophobic, groups
useful for covalent chromatography, thiophilic interaction groups, chelate or
chelating, groups having so called pi-pi interactions with target compounds,
hydrogen bonding, hydrophilic, etc.

6a



These groups may be added after the agarose bead has been formed and
crosslinked or they may be added to the initial solution and the composition
of the initial solution is modified accordingly, such as pH being lowered or
raised, so that the reaction to link the functional groups to the agarose
to eff@&BLHIS GANEHARAb Y MAlN Bhenelesslizking. éastiaan 10 Kibaaelfdnkicnekitsor
are commonly applied in two ways. First these functionalities can be
can bapilied sihgiheardedijperbadas eleldsopiie-tostainingdeate et pohéckizes can
possesses the desired functional group or a precursor thereof Typically,
extenthevbydiaxyterotavalygdatfeonat i iR edveifshaiteptidse pyivside,
which allows for efficient reaction of the base matrix with the
afsreretinnis sigetiopbelNemhbtting eipmplebfaciidanbrosraiietaads,
sulfonic acid, propane sultone, allyl glycidyl ether, allyl bromine, glycidyl
includtifp eihdenamd miatir-a1h eidd ey titittice pidy aigly Gidsh efhattysadiulivinyl benzene
chloroacetate. Alternatively, a nucleophilic group, such as an amine or
copolthifl, caiatoecaddadio theitabesnagix usingarsetelidfokaovelifoteedartarides,
then the above electrophilic reagents can be used to modify the base
dextranpitaschoeorufiyeihgsgubiinaitanaliie aradi beuap ghediywiiima aigataimtigfithaya
base matrix with an electrophilic group including the following non-limiting
gum, Sevugsat gangganthaargide, paliitalachaanboheiia acidsdagdeirdes Ageliers, is
epoxides such as butanediol diglycidyl ether, epichlorohydrin, allyl bromide
particabull alhretiveidy I Eib drdidd oavetk fpaadtidrief shaaatitatiad theseghatir can
with the appropriate nucleophilic molecule containing the functionality of
be a @hinfegitd ésanvelanpbiesadalheiedbipgenilesmitatinis diviroampince
sulfonic acid or larger entities such as polyethyleneimine or proteins and
bead gapticiaprike addiksnr ajlttietihpyi ke bustri@scoan drethae tailtoathibanegdrose
after hydrophilic spacer arms or "tentacles" such as dextran have been
layer afiatteecutisitiee [FEsermadsixbel hislpdedide s autaifi aitalsity( fane axraadiet Where
binding and further changes the pore size and chemical environment within
agarobeeibehd ' madiymmaedrial siubtuiiethe intdrazhsydnetchadhregiatagthoppre size
media of the present invention offer improved mechanical properties over
distrilsytiom eticHecamsrdllad \bgorayian die armatagragiby ofediardoem&dfrexample, a
polysaccharides are compressible. This compressibility is initially
largerdesatxtitratdoy df agaoossityibf divalmaieriah dler eoaengle, codhnharcthb internal
agarose beads are typically 4-6% agarose, which means that the particles
regiom e b0l potouse Whilotitechaenich lcowmilif dayancdh ésathatearale h®ueh an
very limited chromatographic applications. Although after extensive
extereabislorkivif, thesforaatdsials laage herotginse noely hsfhg amlyi Rpihlécattens] core
the more porous the initial polysaccharide bead, the more limited its
layer reffetiivdtal(pritpartbs vimidecaléitbothéhasshromatigraphikasopdingtiprgseatludes
invention, if the internal bead is much less porous than the external pore
large patetnse, the mechanical properties of the internal region is much greater
than that of the external region. Under mechanical stress, the external
reNlore wiltcitieyilhesthentorbslistis pyrtichatnd trumespdarisy dhaweean bétatade
the initial compression, the internal regions of adjacent beads will begin to
of any amteciabaicdt Gtheefidsishbwmadiagnayinyn &icabyrirplegihkecdrel sy peintrossed
contact" of the internal regions leads to a packed bed with the mechanical
linked agapsesbizitityaofltse intected) pasdmtoacintie. Bedatabbythiseinthenfihished bead
structure can be less porous and more rigid, the net effect is a more
is to paveusghr npelitgxthenairstisi citleetedtiirtne bhehterehtricéd doespresasshtility/ the
of a much more rigid material. If an incompressible material is used as the
internal pore structure, then the resulting chromatography bed will be
incompressible after "point contact” of the internal structures. The
selectivity of chromatography media,for a given biomolecule or mixture
thereof, is governed by a complex set of factors including ligand type,
ligand density, media pore size, media hydrophobicity, etc. The selectivity
of a symmetric bead could be viewed as "one dimensional" because the
binding environment in the bead is uniform. Therefore, the selectivity of the
media is driven by the ability of each individual biomolecule to interact
within the same binding environment. In other words, "molecule specific
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type, ligand density and/or ligand mixture, 3) media material (e.g. more
philic outside/more phobic inside), and combinations of 1), 2) and 3).

These materials provide "two dimensional” selectivity, because the
separation is driven not only by the molecule specific interactions, but also
tempdytiresahdeddhttie distinficegingpwithis tigl madih. issetxappleticewsalkatsle

binding species will likely concentrate in a stronger binding environment or
matetialgemspelziesucoatel het elinlitdé ctdriadtiesinigrinadp praystsetisce polyethylene,
specific example of an application of the novel media of the present

polyprogeidiay) is tlerskparation pilgdibgtefiom hadt catbpyptefysetdCP)mviiks ered

are higher molecular weight proteins (160 kD) and cannot easily diffuse in
polyetipteragpobge qplknd doardingly y i 8Ypatyardfmés geblyitthenuifi@iewg| PEF or
of 15% agarose provides an impurity "sink" in which HCP can be adsorbed
PTFRp giass regilorag\bithoai cossilgipasnigiel clhevistant giadifioatioontedilkel therd/glass,
would be absorbed to the 6% structure. This provides enhanced removal of
metalsanvhan staikdsptatly ninkeldtataaungpabiadidne dnd distgp it apacitioos ihen, iron
desired protein (Mab), the smaller pore size region (the sink region) can be
contamingroz edher 208¢nefiled tatatisalilnys and tiendsordperamice, regioasofilivate
agarose bead can be modified with 'tentacles" of a hydrophilic ligand
matedaly;eirsonia asddeadican. cEtamaabletaisble the capacity of the agarose bead
for Mab. Another advantage is the external region can be limited in
thitheessoll at& pratecats) tofad querferalysbphiteicdifiusiorglipatipaticuigte shape.
elution. This can provide a more narrow elution peak and possibly better
Theirrdmmhetiordepends sipoatile piscof déad makdrgithe gplief ahtie srésenabout 30
invention involves dissolving/melting the media material, such as agarose,
micransasaltaldié I mdrenklinglicoretsy preferably in bead form, so that the cores
are coated with the agarose, mixing the coated cores with a hydrophobic
ligAkd it donmman émagsioscahehth aiataifucigrih avamusimiditivasteapbratsal to
equal to or greater than the melting point of the agarose, passing it through
enhastptisinviien tor créddie pyamse tordpichsaisd Sodiclibyasy tfeadddirasecomprises
droplets in a second bath of hydrophobic liquid. The beads can then be
volatileastpadiandniseati owithtiier prbtesseBtangpissirckntbedydros el colo osaddas
various functionalities onto the agarose as is known in the art. EXAMPLES
methdhdephariod,. dsl propeinidsAgihsse BwablewitedwpgteecChemicalons that give a
Environments and Uniform Pore size SP-Sepharose Fast Flow (6%
slighttyodslidikedlatenodisvible kotuach witth asl@dbnn icanalmyier efedybageaesaust
according to the following method: 50 ml of the beads were then mixed into
be ussd@nthof@uAgpaSsaistitn {B-5 Agammswitonmititpanadary wintwaiozwo
slurry. The agarose-beads mixture was added to 1000ml of mineral oil at
or m@0Gfiherermetesialstingitattontonphbitid. an emulsion in which the oil phase
is continuous. The emulsion was then pumped through a 0.5 inch
(12 Twrihediatasster] Guditiness (¢GRptines) honeyBletilesmiatiblmireganics.  Non-
(KMR-SAN-12) at a flow rate of 3L/min into mineral oil at 5C. The resulting
limitingaessmplesds Hhesarredtidedtelyestmaiatthylenthglynel sroéthlipeatai¢hdiol,
bead population was predominantly single-cored ( >50%). The beads were
diethglenteglyvakhprbpitbnef glucel, dttetindican dgtiiesl wte mEtylp exdlold yweren-butyl
crosslinked according to the method disclosed in Porath, Jerker and
ethergarfsethylae-Chyisie rtha dlinzeibylT orgiigthid uethers fof letbpienegeliysioy, 6thylene
(1971) P. 167-177, the disclosure of which is hereby incorporated by
glycolefbnastbyl Tiebeactatcastindenmatiifietl dittthyrsthep axztates ididtbpienacglycol
(BPSA). In ajar, 10 g beads, 30 ml of 5M NaOH, 7.2 g BPSA were added
and



agitated overnight at 50C. The beads were washed with 500 ml of Milli-Q
quality water and the BPSA process was repeated at second time. The
 beads were washed with 500 ml of Milli-Q water and then stored in 20%
ethanol. Example 1B. SP-Sepharose Fast Flow (6% crosslinked
agarose) was coated with a 10-15 micron layer of 6% agarose as
methyfictheseisisampliceh stk ghsiverd a1 slinrb 28t atgtiodinthylene
method disclosed in Porath, Jerker and Janson, Jan-Christer and Laas
glycok digisthylottheal dictsneagbyrabipted @ber diethdone7ely spledimsthylerther
then maodified with bromoporane sulphonic acid (BPSAQ. In ajar, 10 g
acetaise o JicthIFA oebikadisthyh §theSAHEle adbRFINY YREBAIEerAtY]
at 50C. The beads were washed with 500 ml of Milli-Q quality water and
morphekingp $Ad, 18 ciksvad AlpehidentelacltinbriartimmaleaHar ustghtyare also
washed with 500 ml of Milli-Q water and then stored in 20% ethanol.
examples of angierials thab a5einaFlisedasSt FIOW (6V& HHSs ik 9hdRose)afdlese
coated with a 10-15 mjcron layer of 6% agarose as discussed in Example
materjgls ifalsgeqntemRldedosslinked according to the method disclosed in
Porath, Jerker and Janson, Jan-Christer and Laas, Torgny, Journal of
CHIBRRRDSATNYE BedTY9S FempETe] vatamRolble ROAIAEY WRihidetndn by
allyl glycidyl ethey (AGE). In a jar, 10 g beads, 10 m] of 8M NaOH, 2g AGE
way 95 (X58piAsw AR BFEOURH R BT g ht EReh, PALBRAIRTR cBlycols
washed with 500 ml of Milli-Q quality water .and then stored in 20% .
dextranp 3y, WaESaBIerRehiRg .(?almdﬁ%dltﬁlﬂ}ﬁh,ﬂ% PPaiEihPREECK g Fuch
malecular weight were used tq test the nature of the selectivity or .
as polydimeisipPRARIPIitaePE5piRahERaDR E%H%Yﬁée%&%i)‘%ﬂoﬂﬁ&%?%%é the
of a protein mjxture containing 0.5 mg/ml polyclonal 1IgG (Sigma) and 0,5
agamﬁ?gwnﬁ%a%éleg?&ﬁﬁaﬁﬁt% AINPSR SERPB RO Rathe foghuen after the
..conductivity 10.mS at pH 4.5 were applied to each sample column at 200 ,
additign, Ap ﬁﬁw@@&%&%ﬁﬁ?@%%ﬁ diafelnsThe POL LN A S oaESIVe
200 cm/hr using a 20 CV NaC1 gradient starting at 10 mS and e dingi; at
amough of PoryReTe Ak FOPEHRH P REIMG SR PLOB GY 1% s %?%Bffu?% rpolymer to

volumes (CV) from the start of the radjent (dead volume wa

-
agarogg of fap) appt Qakéqo#qﬁéep}éogﬁlé@;;%gﬁ%ﬂ@g ST ‘il.ny? alcohol,

dextrans and polyacrylamides.

The media, particularly where comprised of agarose, may be crosslinked if
desired by any of the chemistries commonly used in the industry to crosslink materials
containing multiple hydroxyl groups, such as polysaccharide beads, these chemistries
being as non-limiting examples, epichlorohydrin or other multifunctional epoxy
compounds, various bromyl chemistries or other multifunctional halides; formaldehyde,
gluteraldehyde and other multifunctional aldehydes, bis(2-hydroxy ethyl)sulfone,
dimethyldichloro-silane, dimethylolurea, dimethylol ethylene urea, diisocyanates or

polyisocyanates and the like.



TABLE 1 SAMPLE IgG PEAK (CV) LYSOZYME PEAK (CV) PEAK
SEPARATION (CV)

It may also have one or more functionalities applied to it, including ligands, such
as Protein A or Protein G, natural or recombinatorily derived versions of either, modified
versions of protein A or G to render them more caustic stable and the like, various
chemical ligands such as 2-aminobenzimidazole (ABI), aminomethylbenzimidazole
(AMBI), mercaptoethylpyridine (MEP) or mercaptobenzimidazole (MBI), or various
chemistries that render the agarose cationic, anionic, philic, phobic or charged, as is well-
known in the art of media formation.

Functional groups used in liquid chromatography that are adaptable to the present
invention include groups such as, but not limited to, ion exchange, bioaffinity,
hydrophobic, groups useful for covalent chromatography, thiophilic interaction groups,
chelate or chelating, groups having so called pi-pi interactions with target compounds,
hydrogen bonding, hydrophilic, etc.

These groups fnay be added after the agarose bead has been formed and
crosslinked or they may be added to the initial solution and the compositior{ of the initial
solution is modified accordingly, such as pH being lowered or raised, so that the reaction
to link the functional groups to the agarose occurs concurrently with the crosslinking
reaction.

These functionalities are commonly applied in two ways. First these
functionalities can be applied with the addition of an electrophile-containing molecule
which possesses the desired functional group or a precursor thereof. Typically, the
hydroxyl containing base matrix is activated with sodium hydroxide, which allows for
efficient reaction of the base matrix with the aforementioned electrophile. Non-limiting

examples include: bromopropane sulfonic acid, propane sultone, allyl glycidyl ether, allyl
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Example 1A 9.36 13.46 4.1 Example 1B 9.63

bromine, glycidyl trimethylammonium chloride, butanediol diglycidyl ether, sodium
chloroacetate. Alternatively, a nucleophilic group, such as an amine or thiol, can be
added to the base matrix using methods known in the art and then the above electrophilic
reagents can be used to modify the base matrix. Secondly, these functionaliites can be
applied with activation of the base matrix with an electrophilic group including the
following non-limiting samples, cyanogen bromide, activated carboxylic acids,
aldehydes, esters, epoxides such as butanediol diglycidyl ether, epichlorohydrin, allyl
bromide and allyl glycidyl ether, followed by reaction of the activated base matrix with
the appropriate nucleophilic molecule containing the functionality of choice. These
nucleophiles can be small molecules such as aminopropane sulfonic acid or larger entities
such as polyethyleneimine or proteins and peptides. In addition, all the above chemistries
can be added to the bead after hydrophilic spacer arms or “tentacles” such as dextran
have been attached to the base matrix. This provides additional surface area for binding
and further changes the pore size and chemical environment within the bead’s
asymmetric structure.

The asymmetric chromatography media of the present invention offer improved
mechanical properties over symmetric beads. Many common chromatography media
formed from polysaccharides are compressible. This compressibility is initially
determined by the porosity of the material. For example, commer.cial agarose beads are
typically 4-6% agarose, which means that the particles are 96-94% porous. Without
chemical modification, these materials have very limited chromatographic applications.
Although after extensive crosslinking, these materials can be rigid enough for many

applications, the more porous the initial polysaccharide bead, the more limited its
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14.03 4.4 Example 1C 9.95 13.65 3.7 SP-Sepharose Fast Flow 9.95

mechanical properties will be. With the asymmetric media of the present invention, if the
internal bead is much less porous than the external pore structure, the mechanical
properties of the internal region is much greater than that of the external region. Under
mechanical stress, the external region will compress much like its symmetric
counterparts, However, after the initial compression, the internal regions of adjacent
beads will begin to contact each other, as shown diagrammatically in Figure 2. This
“point contact” of the internal regions leads to a packed bed with the mechanical
compressibility of the internal bead structure. Because this internal structure can be less
porous and more rigid, the net effect is a more porous or open external structure with the
bed mechanical compressibility of a much more rigid material. If an incompressible
material is used as the internal pore structure, then the resulting chromato éraphy bed will
be incompressible after “point contact” of the internal structures.

The selectivity of chromatography media for a given biomolecule or mixturé
thereof, is governed by a complex set of factors including ligand type, ligand density,
media pore size, media hydrophobicity, etc. The selectivity of a symmetric bead could be
viewed as “one dimensional” because the binding environment in the bead is uniform.
Therefore, the selectivity of the media is driven by the ability of each individual
biomolecule to interact within the same binding environment. In othef words, “molecule
specific interactions” (species net charge, hydrophobicity, hydrogen bonding, etc.), not
molecular size, drive the separation of the different biomolecules. An advantage of an
asymmetric chromatography bead is that the material contains at least two distinct
chemical/binding environments in which species can bind. This structure can be created

by varying 1) the pore size between the internal and external pore structures, 2) the ligand
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13.85 3.9 The Table reports the peak positions in the elution gradient
for both IgG and lysozyme. The longer the delay in elution (greater CV),
the more strongly bound a species is to the media. The media were
designed to have differing chemical environments, mainly the density of
Ifo | ligands. The difference in Ilg nd density between the outside
type, a‘é ?gé %y gﬁ AN 18 a|’?é’8‘88 |s )nc?é“é?é?nd”f}ﬁ thé quo%ln@?de&hlhc

mple
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ith the | (Ml t th t hile for Example 1C.th
specilif RTRRATHS .aén#sa%v@%ééé“.t%%&r«%@gﬁ%%éﬁgi%ﬁ nthe’ medid.” For
P Sepharose control) Interestin I Iyso eak eparatian
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hnologies nltal 10°/ aros ere cr SS|I ccordln
PR TE CATRE OFAD BRESD Rl P L ety 31%8005?36%[ fpvention
is th sul h%rtlf(():nag gpﬁ) 1?01?% e:ll?OI%tgead 0 ;.n[}lgl fSM N ér m(gﬁg ar

were a rnlg ea S re was

. 500 aI| the P rocess as re
weigh Brorcia? 1 é@é‘(ﬁtm% 0365?3 SRR T g

then stg .20% ethan b 8 bF?go%were then coated W|th a layer.af

0 “ 5
6% agg/r Og%arose o?rrhlgs%/rtlname ric agarose %%raas E%‘Srgs nalto%}?é“fl owﬂhlé n
. : 100 .ml of thebbgagls were then mi to 600 | of 6% a ar se
whicll ) h& one 1egio RS uniqu emical

solution (( 5Agarose rom ISpanagar) to a|n 48 urry

o R S PR R AR B O e
enhancerc‘i rrélﬁ?ot{lséﬂ-(l; %O%J(L%I%b\fle}%%%l }P URR 9errt¥)0m%x1mlze the binding capacity
of the desired protein (Mab), the smaller pore size region (the sink region) can be
minimized to 20% of the total volume and the more open pore region of the agarose bead
can be modified with “tentacles” of a hydrophilic ligand carrier such as dextran. This can
double the capacity of the agarose bead for Mab.

Another advantage is the external region can be limited in thickness (1-15
microns) to allow for a shorter diffusional path during elution. This can provide a more
narrow elution peak and possibly better resolution.

A suitable process for making the media of the present invention involves

dissolving/melting the media material, such as agarose, in a suitable liquid, adding cores,

preferably in bead form, so that the cores are coated with the agarose, mixing the coated
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0.5 inch (12.7mm) diameter, 6 inches (152.4mm) long Kenics static mixer
(KMR-SAN12) at a flow rate of 3L/min into mineral oil at 5C. The resulting
agarose beads had an estimated external layer thickness of 10um and the
bead population was predominantly single-cored ( >50%). The beads were

e R A A B 5

temp%?@é%daé“i& S BT SRS R 0
B A R ARl FR U s
o T S B TR S e
o cr%fﬁa%thtg“éttg% AT SRR

(100 ml). The dye Iocatlon was recorded using a digital camera adapted to
aaF}tlcroscope lens. The BPSA (negative charge) center 10% agarose
region bound methylene blue dye. The second region is positively charged
(with GTMAC) and did not bind methylene blue. However, upon exposure

of the bead to a mixture of methy@ Rﬂ’ii@d the negatively charged dye

ponceau S (red color) a blue ce s observed with a strong
Examgﬁm?lgf 'R 1etric . Agarose Bea - L
‘ Mnrt%‘rgregrsé%ﬁas expected. Example 3 Example 3A. Asymmetrlc Agarose

B q mic vironments and Two Distinct Pore
quﬁélg g g aderna(frgﬁuc :d Agaros OSK)1 555 aga%38 G 15

Reglon repara iIon o ure rose pead was

de us hefollowm meth 1000. ml.of 15‘V argse !iuﬁi
miercf 4 dassioa R R LB e R B e B PR i hladivere
12 0 Isifier in a |r tohhltti1 at 80C constant
then xRl §§”>én&ﬂ§.on sullEea A Nt RSN 4o obtain
emulsion Wasth pum ed throu W 12.7mm) diametey, d
a shufff DR SEDHRREE o Ha0cd ooy IS et AT ok upger
nlntoase nd bath of Lneral 0|I atE[QhSBI?e caI homo %Ibeous
S

constanL{ a 1tat on _t tain %],El t?] ts
eads were 0 alne WI a Iarge partlc ame ero

emulsmr? \%E? %?e\l’llveqle Yo it?r eg%he(gélv %I‘It]ggogigsa;mhsthanol an%t pﬁ\:sv iﬁ%‘é%mm)

sieved to y|eI8 abca range o heaé%aaré were
long B G, BRI SR SR a7 r%?%’lﬁ"éari?%rea%aﬁ o 5C.
The e eYPleI2 P g%%zelbeaés wif&%setﬁgr%e flgc&g IS eﬁfﬁqy glyci ora ??Kéf)n(} the
bead § a5 I:alt 1019 t()j%%gr@s 8%1%'%% e%lvélwal%lg%%g %%gﬂ%{}; thfatgeagg jwoecr)eg 2 led,

Ehiere a agitat besdSWere washe
washe 1'%1‘1X ?wa e?”él aanI (8 uall Water ®fhe beads were crosslinked according to

the method disclosed in Porath, Jerker and Janson, Jan-Christer and Laas, Torgny,
Journal of Chromatography, 60 (1971) P. 167-177, the disclosure of which is hereby
incorporated by reference. The bead was then modified with bromoporane sulphonic

acid (BPSA). In a jar, 10 g beads, 30 ml of SM NaOH, 7.2 g BPSA were added and
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Example 3B. Asymmetric Agarose Bead with Unique Chemical
Environments and Two Distinct Pore Size Regions : Preparation of Internal
Structure 20A portion of the beads made in Example 3A were modified to
create a cation exchange material. The beads were modified with sodium

) ta-bisulfite. In a.jar,,6 ds, 47 ml of Milli- ter, 7. f 50%wt
agitetR NS, 20, o R Pt R NSO Berton o NG G A yater
t t ture. Th d . d with,3 x 500 f Millj-
and R S e A R e S s BB, T Bt 300 ml
.Ch ical Enyi t istinct P Si Reqi P wrati

of M PR B s B Exarmrto 35 wors aoatod wrth 606

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)

E to1 oggain a slurry. Thc agarose-beads mixture was added to 1000m1 of
XAMPre&r4l oil at 90C under constant agitation to obtain an emulsion in which

thg Qi phase is continuous, The emulsion was then pumped. through a '
O.S%léc%%ﬁofmmﬁadigij Ste 65 iSC Sé%?‘i%.ﬂ%%ﬁ%’fﬁgngaﬁecrﬂ%tse%ta IC m"}xjﬁr)'l5

. (KMR-S ) at a flow rate of 3L/min into mineral @jl at 5C. The resulti
micrd O R R B R S P PR b 5 Sl

: : . ) 5
accorig RPN AR predaminanty.single;corad( ~50%). TRe beads ere,
Settied, washed with or water, ethanol and then water and sieved to yield a

ToraE 08 1398, 061475 . TG beAds wsre ciostlltked Ao sccoring o,

e'me isclose orath, ahd Janson, rister and Laas,

.., JJorgny, Journal of Chror hy, 60.(1971) P. 167-177. .the disclosur
with G S e, Hordrte Lo el S SAENEDNE 2
g BPSO’AZ( v%gr% Q&'d%ﬁ Mﬁw_a%iﬂa%gdlyv\évr%}gﬁt at S0°C. The beads were washed with 500 ml
of Milli-Q quality water and the BPSA process was repeated three additional times. The

beads were washed with 500 ml of Milli-Q water and then stored in 20% ethanol.

Example 1C.

SP-Sepharose Fast Flow (6% crosslinked agarose) was coated with a 10-15
micron layer of 6% agarose as discussed in Example 1A. The beads were crosslinked
according to the method disclosed in Porath, Jerker and Janson, Jan-Christer and Laas,
Torgny, Journal of Chromatography, 60 (1971) P. 167-177. The bead was then modified
with allyl glycidyl ether (AGE). In a jar, 10 g beads, 10 ml of 8M NaOH, 2g AGE, 2g
Na,SO4 were added and agitated overnight at 25°C. The beads were washed with 500 ml

of Milli-Q quality water and then stored in 20% ethanol.
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20 Exam Ic 3D. As mmetric A arose Bead with Uni ue Chemical
Environments and Two Distinct Pore Size Regions : Addition of Cation
Exchange Ligands to External Structure A portion of the beads from
Example 3C were then modified with bromopropane 25 sulfonie acid
Selec@vﬁj /} .Sml jar, 10 g beads, 30 ml of 5M NaOH, 7.2 g BPSA were added
ted overnight at 50C. The beads were washed with 500 ml of

Xi/&vngn%?%%ga%?sfe gn{ |t<?1B %%lque C%@%EE?&\%Q%MS%%JQF&“ the
narurg 3 W SRR &g/?%or?@%g S SR RRAT R BRI, ()
°°ndfp?‘9§rf§ﬁl%¢8fﬁ P R L AR S it B! BB and
0.5 m&?ﬁ ﬁu%g?f? ¥y %gf’chQ?%t%fM Qvﬂﬂ%ﬁ?t‘f"?& and &tag;&i%ﬁ«j\ 10

onea tional time. ebea wer was with

mS a? %ﬁ%i%%g%’%s g#@ﬁqu%%ﬁgg?c@gl %onn%@n@sg %?;IFI 066
cm d%@[& P%ﬁe%ﬁ%ﬁ%@ﬁ?en%ﬂﬂ@@ Qt%éé%%&ﬂ%@%'@ﬁﬁ%@l gradient

External Structure

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). The data for the peak separation are shown in Table 1:

TABLE 1
SAMPLE IgG PEAK (CV) |[LYSOZYME PEAK | PEAK SEPARATION
(CV) (CV)
Example 1A 9.36 13.46 4.1
Example 1B 9.63 14.03 4.4
Example 1C 9.95 - 13.65 3.7
SP-Sepharose Fast 9.95 13.85 3.9
Flow

The Table reports the peak positions in the elution gradient for both IgG and
lysozyme. The longer the delay in elution (greater CV), the more strongly bound a

species is to the media. The media were designed to have differing chemical
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A portion of the beads from Example 3C 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 50C. The beads
were washed with 500 ml of Milli-Q quality water and the BPSA process

envir%eﬁ&%&?ﬁiﬂﬁ%&%%@ dé%%%%— %%?}}%%‘smﬁg &Yﬁﬁp&%"iﬁfllﬁgﬂﬁ’d@k@&ty

I-Q water th ctivity Testing.

betwIPWENSR iquf%amsa%gi&rqs@eﬂfé mré&%‘f '?efﬁ‘(é%igmﬁﬂf‘er%fﬂ?eﬂ 8d581itheing

nature of the selectivity or separation factor urder typical catfon exchange

orderlﬁg%g&(%}mnf&tigrmﬁlmm%%ﬁﬁﬁéﬂ%%ﬁ@%@iﬁ%&i PRl QNI ween

gma) and 0.5 mg/ml lysozyme (Sigma) in 50 mM acetate buffer

the MHNAEAH® AMRFONIREIING O pdén%i?yv‘éﬁf%ﬁ%gﬁg 3ERh having

samplecolumn at 200 cm/hr (7 cm™bed height; 0.66 cm diameter) such that

essenltif1)SEAAIRINIRAARE-ON 1R MRIGMAS ANk WAGIRIOISILIIUES. The

was then eluted at 200 cm/hr using a 30 CV NaCl1 gradient starting at 10

TeG HRaANdRRIRAaL 33 For e BEAK [0R£360 w&é%imgéﬁdf%%ﬁé%diﬁ”thfef@aer

of column volumes (CV) from the start of the elution gradient (dead volume

layer 3R fPH0F q_fﬁ%gg q Eait T RRAt:S %’é{ﬁgﬁﬂla@tﬁg HBHAI TERAE Sructure
TABLE 2 SAMPLE IgG PEAK (CV)

alone (SP-Sepharose control). Interestingly, the lysozyme and peak separation do not
show the same simple trend. However, it is clear that the peak separation is greater for

the asymmetric beads with unique chemical regions within the bead structure.

EXAMPLE 2

Agarose beads (ABT Technologies) containing 10% agarose were crosslinked
according to Porath, et al.,, above. The bead was then modified with bromopropane
sulphonic acid (BPSA). In a jar, 100 g beads, 300 ml of 5SM NaOH, 72 g BPSA were
added and agitated overnight at 50°C. The beads were washed with 1500 ml of Milli-Q
quality water and the BPSA process was repeated two more times. The beads were
washed with 1500 ml of Milli-Q water and then stored in 20% ethanol. The beads were
then coated with a layer of 6% agarose to form asymmetric agarose beads according to
the following method: 100 ml of the beads were then mixed into 600 ml of 6% agarose
solution (D-5 Agarose from Hispanagar) to obtain a slurry. The agarose-beads mixture
was added to 2000ml 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
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LYSOZYME PEAK (CV) PEAK SEPARATION (CV) Example 3D

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 predominantly
single-cored ( >50%). The beads were settled, washed with of water, ethanol and then
water. These beads were crosslinked according to Porath, et al., above. The beads were
then treated with glycidyl trimethylammonium chloride (GTMAC). In a jar, 100 ml of
beads were added to 100 ml of 75% GTMAC. After mixing, 3.3 ml of 50% NaOH was
added and the reaction was shaken overnight at 25°C. The beads were washed with 1500
ml of Milli-Q water. The beads were then coated with again with another layer of 6%
agarose. The beads were then shown a mixture of two dyes: methylene blue (1 mg/ml)
and ponceau S (1 mgml), in Milli-Q water. A sample of beads was shown only
methylene blue as a control. The beads were washed with Milli-Q water three times (100
ml). The dye location was recorded using a digital camera adapted to a microscope lens. -

The BPSA (negative charge) center 10% agarose region bound methylene blue
dye. The second region is positively charged (with GTMAC) and did not bind methylene
blue. However, upon exposure of the bead to a mixture of methylene blue and the
negatively charged dye ponceau S (red color), a blue center region was observed with a
strong band of red where the GTMAC region is. The neutral outermost region contained

some residual red dye from incomplete washing, but was less intense red as expected.

Example 3

Example 3A. Asymmetric Agarose Bead with Unique Chemical Environments and Two
Distinct Pore Size Regions : Preparation of Internal Structure
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19.7 25.7 6.6 Example 3E 18.6 26.7 8.1 Example 3F 18.7

A 15% agarose bead was made using the following method: 1000 ml of 15%
agarose solution ( D-5 Agarose from Hispanagar ) was added to 2000ml of mineral oil
containing 120ml of Span 80 emulsifier in a first oil bath at 80°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 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 yicld a bead size range of 75-125 pm. The beads were then crosslinked according to
the method disclosed in Porath, Jerker and Janson, Jan-Christer and Laas, Torgny,
Journal of Chromatography, 60 (1971) P. 167-177, the disclosure of which is hereby
incorporated by reference. The beads were then modified with allyl glycidyl ether
(AGE). In ajar, 120 g beads, 150 ml of 8M NaOH, 30 g sodium sulfate and 100 g of
AGE were added and agitated overnight at 45°C. The beads were washed with 3 x 500

ml of Milli-Q quality water.

Example 3B. Asymmetric Agarose Bead with Unique Chemical Environments and Two
Distinct Pore Size Regions : Preparation of Internal Structure

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

500 ml of Milli-Q quality water.
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26.8 8.1 SP-Sepharose Fast Flow 20.3 26.3 6 Table 2 reports the
peak positions in the elution gradient for both IgG and lysozyme. The
longer the delay in elution (greater CV), the more strongly bound a species
is to the media. The media were designed to have differing chemical and
physical environments, mainly the density of sulfopropyl ligands and
internal structure pore size. For Example 3D, the selectivity is similar to
that of a standard commercial resin (Sepharose Fast Flow). However,
Examples 3E and 3F show an increased

Example 3C. Asymmetric Agarose Bead with Unique Chemical Environments and Two
Distinct Pore Size Regions ; Preparation of External Structure

The beads from Example 3B were 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 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 75-125 pm. The beads were crosslinked
according to the method disclosed in Porath, Jerker and Janson, Jan-Christer and Laas,
Torgny, Journal of Chromatography, 60 (1971) P. 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.

Example 3D. Asymmetric Agarose Bead with Unique Chemical Environments and Two
Distinct Pore Size Regions : Addition of Cation Exchange Ligands to External Structure

A portion of the beads from Example 3C were then modified with bromopropane

sulfonic acid (BPSA). In ajar, 10 g beads, 30 ml of 5SM NaOH, 7.2 g BPSA were added
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separation of the two protein peaks as a result of the asymmetric bead
structure with unique chemical and pore size regions. EXAMPLE 5-
Agarose cored bead 75m1 of 15% cross-linked agarose beads of
100um average diameter (Made using process patent to be file on same

and aBRYbWBTMAE WitO-EOOMI DL A AR SRANAR SotsRaeamiRe) &ﬁalityl

obtain a slurry. The agarose-bead mixture was added to 2000ml of minera
waterQlha B drder constantagitation to obtain an emulsion in which the oil
phase is continuous. The emulsion was then pumped through a 0.5"
diameter, 6" long Ross ISG static mixer at a flow rate of 3L/min into mineral
oil at 5C. The resulting asymmetric beads had an estimated external region

Exm_&@&%@eﬁﬁ%%@ﬂgﬂb@@ﬁ@éﬁ RAR BHRM NERRIRAP OB ents and Two

DistiP Bl EIRSRIT) A SIVARLE ISRINREL 1B Ja iy 3 Y RIS S tructure
chromatography particle comprising agarose, wherein the particle
comprises an internal region having a first pore size which is sized to

efiegiyabhatse i elaRuiRanAI RN GETRaL IRSIRRdAVIRDRCHRGA M ane

pore size said first pore soze is smaller than said second pore size,

sulfol{PGERIMAPS AINERAYALQD QTRAALCTE i UISNIKRGHCBPP ISPgLaterdhaled

the concentration of agarose in the external region, wherein said internal

and aBQIRR HASABRIR"TORCNIRICBERIORRIGR HIRA SAIH SOeHJIrHEIn lity

wherein said internal region has one or more characteristics which different

wateﬁmtﬁmogrmgg fhgreptatisiisaoidirisndemal regienendiaieil Pahed

one or more characteristics'is selected from the group consisting of ligand
with SenaibofivaNddyRadigaadiEdsR ARt nRdia material.

Example 3F. Asymmetric Agarose Bead with Unique Chemical Environments and Two
Distinct Pore Size Regions : Addition of Cation Exchange Ligands to External Structure

A portion of the beads from Example 3C were then modified with bromopropane
sulfonic acid (BPSA). In ajar, 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 and the BPSA process was repeated two additional times. The beads were washed

with 500 ml of Milli-Q water and then stored in 20% ethanol.

Selectivity Testing,

Two proteins of different net charge and molecular weight were used to test the
nature of the selectivity or separation factor under typical cation exchange (CEX)

conditions. A mixture of a protein containing 0.5 mg/ml polyclonal IgG (Sigma) and 0.5
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2 The asymmetric chromatography particle of claim 1, wheiein said particle
is a 15bead. 3. The asymmetric chromatography particle of claim 2,
wherein said internal region is a core of said bead. 4. A population of
agarose beads wherein said beads comprise an internal region having a
mg/nli'BisB2yesiZSI G IS §izeW iR aHRMBIYEY adsrrhbiadplesesi@tivity 10 mS
region having a second pore size, wherein said internal region has greater
at pHRSRASHCabpreRaI8gcH aahsaid DXipiRAal regioehaRe ge&nﬁbéum@,zq@ cm
smaller than said second pre size, and the percent of agarose
diam&RRCShirAti Rsald A1688HANen the %eﬁiﬁ%@@@ﬁ[@ﬂﬂu.pam@'?mtein
comprising an internal region having a first pore size and one or more first
mixtFearasieatigaseacted Ham:thsity AU oS oeidieans Aansity, 1108 and
type, ligand mixture, media material and percent of agarose concentration
endindnét 80- 188t [RAIO R RACEORALRIR RI8E iANELARY PO MBI volumes
second 5 characteristics selected from the group consisting of ligand
(CV)driiitheigandityRee hgRncrasbate deaadialmaéenal andeeRiCenTd agiarsahe
concentration, wherein said first pore size is smaller than said second pore
peak RN diishaharassesistic(s) of the internal region is different from
that of said second characteristic(s) of the external region, and wherein the
concentration of agamse in the internal region is greater than the
concentration of

TABLE 2
SAMPLE IgG PEAK (CV) | LYSOZYME PEAK | PEAK SEPARATION
(CV) (CV),
Example 3D 19.7 257 6.6
Example 3E 18.6 26.7 8.1
Example 3F 18.7 26.8 8.1
SP-Sepharose Fast 20.3 26.3 6
Flow

Table 2 reports the peak positions in the elution gradient for both IgG and
lysozyme. The longer the delay in elution (greater CV), the more strongly bound a
species is to the media. The media were designed to have differing chemical and
physical environments, mainly the density of sulfopropyl ligands and internal structure
pore size. For Example 3D, the selectivity is similar to that of a standard commercial

resin (Sepharose Fast Flow). However, Examples 3E and 3F show an increased
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10agarose in the external region. 6. The particle of claim. 5 wherein
the first and second characteristic is ligand density, 7. The particle of
claim 5 wherein the first and second characteristic is ligand type. 8.
The particle of claim 5 wherein the first and second characteristic is ligand

separBfistUBE- the tWo TH6tEiAr Rk oflaireiuwhareis tgdimtardsadoaticture with
characteristic is media material. 10. The particle of claim 5 wherein

uniqu¥enhlisianansessrecdicBaeardgkistic is 20percentage of agarose. L The
particle of claim 5 wherein the internal region is formed of 15% agarose
and the external region is foimed of 6% agarose. 12. The particle of
claim 5 wherein the internal region is formed of 15% agarose and the
external region is f{@RIEMPLAYS 208peEa @06riEDRAANal region is the
inncrmost region and the external region outer region.

75ml of 15% cross-linked agarose beads of 100um average diameter (Made using

process patent to be file on same day) was mixed with 100ml of 4% agarose solution
(Hispanagar DS5) to obtain a slurry. The agarose-bead mixture was added to 2000ml of
mineral oil at 80°C under constant agitation to obtain an emulsion in which the oil phase
is continuous. The emulsion was then pumped through a 0.5” diameter, 6” long Ross
ISG static mixer at a flow rate of 3L/min into mineral oil at 5°C. The resulting
asymmetric beads had an estimated external region thickness of 10um and the bead

population was predominantly single-cored.(> 60 %)
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511 The patrticle of claim 5 wherein the first and second characteristic is
selected from the group consistin.g of ligand density, ligand type, ligand
mixture and percentage of agarose. 14. The particle of claim 5
wherein the first and second characteristic is selected from the group
consisting of ligand density, ligand type, ligand mixture and media
10material. 15. The particle of claim 1, wherein the concentration of
agarose in the internal region is 1584 anpgjthe concentration of agarose in
the external region in 6%.

What is claimed is:

1.  An asymmetric chromatography particle comprising agarose, wherein the
particle comprises an internal region having a first pore size which is sized to effectively
adsorb biomolecules, and an external region having a second pore size said first pore soze
is smaller than said second pore size, wherein the concentration of agarose in the internal
region is greater than the concentration of agarose in the external region, wherein said
internal region has greater mechanical properties than said external region and wherein
said internal region has one or more characteristics which is different from the one or
more characteristics of the external region, wherein the one or more characteristics is
selected from the group consisting of ligand density, ligand type, ligand mixture and
media material.

2. The asymmetric chromatography particle of claim 1, wherein said particle is a
bead.

3. The asymmetric chromatography particle of claim 2, wherein said internal
region is a core of said bead.

4. A population of agarose beads wherein said beads comprise an internal
region having a first pore size which is sized to effectively adsorb biomolecules, an
external region having a second pore size, wherein said internal region has greater
mechanical properties than said external region and said first pore size is smaller than

said second pre size, and the percent of agarose concentration in said external region.
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5. A chromatography particlc comprising an internal region having a first pore
size and one or more first characteristics selected from the group consisting of ligand
density, ligand type, ligand mixture, media material and percent of agarose concentration
and an external region having a second pore size, and one ore more second
characteristics selected from the group consisting of ligand density, ligand type, ligand
mixture, media material and percent of agarose concentration, wherein said first pore size
is smaller than said second pore size and said first characteristic(s) of the internal region
is different from that of said second characteristic(s) of the external region, and wherein
the concentration of agarose in the internal region is greater than the concentration of
agarose in the external region.

6. The particle of claim 5 wherein the first and second characteristic is ligand
density.

7. The particle of claim 5 wherein the first and second characteristic is ligand
type.

8. The particle of claim 5 wherein the first and second characteristic is ligand
mixture.

9. The particle of claim 5 wherein the first and second characteristic is media
material.

10. The particle of claim 5 wherein the first and- second characteristic is
percentage of agarose.

11. The particle of claim 5 wherein the internal region is formed of 15% agarose

and the external region is formed of 6% agarose.
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12. The particle of claim 5 wherein the internal region is formed of 15% agarose
and the external region is formed of 6% agarose and the internal region is the innermost
region and the external region is the outer region.

13. The particle of claim 5 wherein the first and second characteristic is selected
from the group consisting of ligand density, ligand type, ligand mixture and percentage of
agarose.

14. The particle of claim 5 wherein the first and second characteristic is selected
from the group consisting of ligand density, ligand type, ligand mixture and media
material.

15. The particle of claim 1, wherein the concentration of agarose in the internal

region is 15% and the concentration of agarose in the external region is 6%.
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