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 ACK GRUEND OF THEANWENFIN Matography media
for biomolecule separations is well documented. Often the
chrrenaipgeaphiasiansmredhasforioe chsisingqpackediords béabeadsitible for
which a product or impurity is separated from the feed stream. These
chronbeagaptie generally a base matrix (such as a polysaccharide, synthetic
polymer or material, ceramic, glass or a composite of the foregoing) that
c@itatngcouhkasingess pridies potkpéptdtioaattyrigataniecddonidhetées have
biomolecule via chemical or physical means; it provides a "driving force"
beconferibipelitigitoideiey d6tipharhiscenivyl andseiaghviits agidiestioontiOuasiily, 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 dironigigshphypoceda foe bitenoddcudusapaedtibes 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¢instistedudiciatiespindtykin eties atdnose phe dtiah sthedramatespbetidiesre
can result in high back pressure. To be able to separate large molecules
generilhly paeticlesairo (ldchawe [potyspotesideutyatbetiogrelymer or material, ceramic,

glass or a composite of the foregoing) that contains or has been modified with
functionality that interacts with the biomolecule via chemical or physical means; it
provides a “driving force” for binding or interaction. This complex set of interactions
contributes to how the media performs in the desired separation. The ability of the media
to affect a given separation between biomolecules is often referred to as the “media’s
selectivity”. Typically these matrices exhibit porosity that allows for the biomolecule of
interest to access the internal volume of the particle. This internal porosity is uniform
through the particle.

Chromatographic separations typically are carried out in columns packed with the
separation matrix in form of particulate beads. The size of the media particles dictates the
kinetics of the separation, but smaller particles can result in high back pressure. To be

able to separate large molecules the particles should have large pores, but large pores



1 reduce the mechanical stability of the particles, particularly with
polysaccharides such as agarose. Polysaccharides are advantageous
because they are typically low protein binding, easy to functionalize, and
can form porous structures. Conventionally, polysaccharide beads are
reducéypicalbchaaite fabitnediatys paahisid @ avitbuiatin ifoihn w1y Sigehnedds such as
pore structure throughout the bead. Examples of these "symmetric" beads

agaro$aclude]elbafinede) (asdluidsentdpepharbsaiidd agaose) apgi&diphasiexpibtein

(dextran). These symmetric beads bind molecules throughout the internal
bindirgifuetisve tof thenbb@dililbe pldemiaalfenyirporoant {pacaidge, Conventionally,
hydrophobicity, ligand type and ligand density) are essentially uniform
polysauithimi fleceddsnalestypitaty. hiaeke@omm tbeenpdlyeactlibgdeinglittg a uniform or

environment throughout the bead is uniform. In these systems, the driving
“symigeR Tosokepaiiaties teougbdmthénscadfeRxaagpissvfidirgestiwngifehrivbens
absorbed biomolecules. Typically when a symmetric resin is used,

includepOellnfiie® qtétialbielingsies@® (arpugie) cadtiSdmiadw ®ufdexcanyitihise

is the only driving force for achieving the desired separation. In addition,
symmpaiysdeatharidied maddsiale o drinigentyheoimprassititecand oftehe reepdre The
chemical modification to reduce compressibility such as through
chemiczdsalivikorgnen iivee piepehydobphspivityettigaebity pe thednigehdnidealsity) are
strength of the media, which is a result of the material, pore structure and
essentihiéynigafonadwickitiothe Tiyyeeadly foucnolysdtintrafides tibensturllef tihe piding
size of the media, the greater the mechanical strength due to higher
enviraanesntiatioghotisoliel beatk i ufldfoen pditoshyje Hpsteuer theeddmiadefotbe for
pore size, the more hindered the mass transfer of larger species (such as
separdti&) comtestfreradse diffiteridecire bondjrgy strettichrtecien cesighedftaomolecules.
involves the optimization/trade-off of particle rigidity and biomolecule mass
TypiculinstenTdigymmetric resin is used, optimization of the binding strength through
control of the buffer conditions is the only driving force for achieving the desired
separation. In addition, polysaccharide materials are inherently compressible, and often
require chemical modification to reduce compressibility such as through crosslinking,.
Another property of a symmetric resin is the mechanical strength of the media,
which is a result of the material, pore structure and chemical modification. Typically for
polysaccharides, the smaller the pore size of the media, the greater the mechanical
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



optimization problem is further complicated by the fact that the permeability
of a 2 symmetric bead is the result of the size and size distribution of the
particle. As the particle size gets smaller, external particle surface area
increases and therefore so does mass transfer. During elution, the smaller

symniidfliclecad aw sHeresshastemdiffusiamdnge o diseftitom edishd b tteusingsathe
more concentrated, narrow elution peak. However, this improvement of

partidlResinagety ansfieis atthebpspeirse sirpreneebiilyscadticane stigtSofobdddes
dimensions and media throughput. In many biomolecule separations, the

mass $pgckes dbintapestufiang ehenaielivigisithealions! Ronceivraied fsoRsie out
the feedstock. In other words, the impurities are only a small percentage

of thefikditgtedunixtuinio Hensepaaiechtidlith, syrivetitudbropatagrajoever, this
media, the separation is often affected by binding the target molecule and

impreamemnf dfethinpiastiasminis theatStieasapeasthefnppuritybilitysingikte restricts
elution condition to differentiate the species, If the two species are very

colursindiiaveiisidiaiahinaied sthesgihpiet.the media, even if the proteins are
different in size, the separation can be very difficult. In some cases, the
difficibmabiveei ¢tbel seppaaiinds dite sipsids affthadiost€tipembeleatile) is the
driving forces affecting the purification. The end result is either a lower

most \etdaitpitifispaoteddim thofedisooiplele separabodspibdhaueities are only a
chromatography step is then essential to further purify the target molecule

smallusengaaiifferttiientedlanistudifie tentapavingd fo kit foynsrg@iatbrontdtisziaphy
time-consuming, inefficient and expensive. Filled polysaccharide beads are

medizyeHee sépbiisivedifooftiae afifechediby eiptingebebesarioleinte arbsbme of the
chromatography. Typically, these materials are made by adding a solid or

impuridespand tiseapepaeatintheth o dhysatghsyide e alinipgarast)io tim dibeadhtiate
, formation. In :
the species, If the two species are very similar in their binding strength to the media,
even if the proteins are different in size, the separation can be very difficult. In some
cases, the difficult nature of the separation is the result of the limited number of driving
forces affecting the purification. The end result is either a lower yield of purified 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



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 3 particle with a material that eventually
becomes the absorbent. The solid particle serves no function in the

particRy oitin capaaiiyl disepaaiigly beasnteshef dbsokinad. The pslitichartivfEcaliyes
acts only to modify the density of the bead such that the material can be

no futigéshfan thenppaekeddpadigppticapansion papatiases the bedid pdticiparticle
provides rigidity and/or reduced gel volume. Recently, materials have

typicdblgertdevtjopat oty dee-datieily bdshobead eudkthayereaharatebbaobetived for
polysaccharide used to restrict the entrance to the porous structure, in

non-paciied teedvapglibeibindirig ebiacoesasheuietidvhileiohaipiavidey egitioitidlor
smaller species. These materials have very low capacities for larger

reducedgdecubdsnas their internal surface area is not available to both species for
binding. Previous work has shown it possible to modify a symmetric
pRysantharidierialsicivecedthdevahepaicalith sdifishéd filidsinasyomeaticyer of
way. This technique allows for the creation of a changing chemical

non-absotiptine eolysatieimtive hsad. (byristaidy the enwakiteatdothis preddaipuoties in
a neutral layer on the outside of the bead. This prevents fouling of the

order autantgdtlhibebbehng edpaciel yniol ainty Sfeehilsireammsiing asphvige fiaunddier
expanded bed absorption (EBA). However, this technique does not change

specidhe Psesizaenbh havead thierefoapadtivltifay llargeymohetlesparehsiireinternal
throughout the bead. Methods also have been developed to modify the

surfagearesizaof paitabée chbothaiegriaplfyr iediag Using these techniques, the
creation of a bimodal distribution of pore sizes is possible. However, this
pdrestructwerks kaeshodistib pieditieotghmodifiyea 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.



bead and therefore does not create chemically unique regions within the
bead to tune/alter observed selectivity. 4 Accordingly, a better media
design is needed to improve biomolecule purifications in which the
separation is driven by more than one characteristic of the biomolecule.
SbthtaRYI ) Fal HietiddV N i Nidsignprisblesedaf the piigsrakichaderhsrRbule
overcome by the present invention, which provides an asymmetric
purificitionsaiiograpty thte dbpauiiablésfdriseparatiaos dpplicatocitrpeitutiarbf the
as packed bed, fluidized bed or magnetized bed chromatography media.
biomdiegggain embodiments, the asymmetric chromatography media comprises
asymmetric particles, preferably beads, having at least two 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 SEEMMIAR YO PATHHAINVIEN KNinct pore size
distributions can be modified with uniform or alternatively unique functional
groups Of imixpuseemkfofctihnapgoouas. Ahe pbesendirveasitiontsllais jmesent
the control over pore size distribution within an asymmetric porous particle
inventigmpretidingravidistiac tasyeitnalrie gioonpitefetphly metlis oitabhf fobegerativhs
a distinct external region, preferably in the form of a coating on the bead.
appliciieraspantiveind peapschkedbed dandeatitedne pragenizead/ediohrpnmticieraphy
rigidity and allow for control of the mass transfer path of packed-bed
medianedia.crtaind enddidicents)etlstaakpdrhigtier ciromatiigmpity amalierabmprises
higher absorbing or exchanging capacity for the column. By shortening the
asymaiffrisi parfialés, thhefgedbgrbbaisitiiaen @bt lraschaighisinct, 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.



efficiency than homogeneous beads. Under certain operating conditions,
cored beads can result in sharper elution peaks and less buffer
consumption. 5 Another application of the cored beads of the present
invention is in fluidized bed chromatography or magnetic chromatography
whekalibegpIRAONISEthE e regviath slemsibréientinciacdPRAR) Miiliged bed
magnetic properties for the magnetized chromatography. BRIEF
chronfatopfafil TdO bhidnetic R RAMIR phFigHERe] tised RS pRAGIENhYig¥g Bired
a symmetric agarose bead and an asymmetric agarose bead; and Figure
densit¥ iS(@oschaimaisdviawds) anariy ohapHactieapdaass foraceerdangmetized
with an embodiment of the present invention. DETAILED DESCRIPTION
chronfafodrshyNVENTION The asymmetric chromatographic media in
accordance with the present invention enable the tuning of the mechanical
and selectivity properties of the media to provide improved materials
particularly suited for biomolecule separations. In a preferred embodiment,
the media inQRESHDESCRIPTIONOIETHY D RAGVINGSUtions with
unique chemical modification to each pore size region. One distinct pore
siPegdistiibyti@oss-bectitadliniaw tarsahiegion phross keadnshdhe aly@irsetric
located at an external region such as a coating. Although the pore size
agaroS@bdag; ireisame in both regions, yielding a symmetric chromatographic
media with regionally different chemical modification, preferably the pore
siFegue hastwachaimnic arR wifberentadvie st P esienaiditi¢hie Ram sizacooiiwce
internal region is smaller than the pore size in the external region. The size
with £f ¢htbodiment of the present invention.

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
improved materials particularly suited for biomolecule separations. In a preferred
embodiment, the media includes two distinct, controlled pore size distributions with
unique chemical modification to each pore size region. One distinct pore size distribution
is located in an internal region of media, and 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 chemical fnodiﬁcation,
preferably the pore sizes in the two regions are different. Most preferably, the pore size
in the internal region is smaller than the pore size in the external region. The size of the

pores is not particularly limited; for example, the internal pore size can be small enough



pores is not particularly limited; for example, the internal pore size can be
small enough 6 to effectively only adsorb small biomolecules (e.qg., less
than 10 KD molecular weight) or can be open enough for large
biomolecules. The internal and external pore sizes can extend over a

to efféatigelNeaBsed b0 afdtidhiam dlRprdMEE gheRsateg apIKOseasatlanweight) or
Suitable media materials include those typically used for chromatographic

can bbassts dneligtiterdiass, BiochoRitiRkaNTRY ithehis] ROW LIS EAICH0aS sizes can
styrene-divinyl benzene copolymer, agarose, agarose derivatives, agar,

extendlgiRaterepiulocsssanlitiagt: detivitiyisic diekioatmtoraphi caspagman,
guar gum, gum arabic, gum ghatti, gum tragacanth, karaya gum, locust
besaitahlemmediihan @R, inckidesherdcinsichitp ases fanchgstatiogiapdainsds,
is particularly preferred. The beads can be formed of the same material

includii@ughautand Gayudab andosypdsiii gidlymersmoca matasifdae dieiasabénzene
porous materials. For example, the bead can comprise a glass or

copolgyidi)efitipel ngirbeadeienieg e, inlgiatandeiinlagarostulleyecdatviiies,
outside. Filler may be included to control density, for example. Where

dextragateshjsihegoadia, made gahin heihatheiy)teinagand exteinalgegions aya
pore size distribution can be controlled by varying the concentration of

gum, hgaredeah QuaxamplensglaigpsctoRCanicaiio Rephagarane yelhtiasyltAgaose is
smaller pore size, and thus the internal region can be 15% agarose while

particiierBxirefiarehalihg oy can be ovmadadse. Snehnatetxichnalghyet, wilcan
therefore adsorb large proteins, such as IgG, while the internal core layer

be a effegisiedyofWitbiontheotinaserits préfeatityoroaiogmmeidate pAcatoample, the

excludes large proteins. More specifically, the cores of the particles of the
bead garsenipriveatgiassan Syatiailepaifary beadosiaddhabisthisédside and an agarose

chromatography. For example, the core may be a crossed
layer on the outside. Filler may be included to control density, for example. Where
agarose is the media material in both the internal and external regions, the pore size
distribution can be controlled by varying the concentration of agarose. ‘For example, a
larger concentration of agarose will result in a smaller pore size, and thus the internal
region can be 15% agarose while the external coating layer can be 6% agarose. Such an
external layer will therefore adsorb large proteins, such as IgG, while the internal core
layer effectively (within the time scales of the chromatographic separation) excludes
large proteins.

More specifically, the cores of the particles of the present invention can be made

of any material that is useful in chromatography. For example, the core may be a crossed

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



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 7 temperatures used in the

manufacturing process and which is self-supportive. Suitable materials
tempénatinde bsddaie ot hmitefhéapilasicscasches phightyserdi-polpeitiyler@uitable

polypropylene, blends of polyethylene and polypropylene, multilayered

matefially dieyiciecunl\ypeopytetimhedds, phrtics, snolysisifpoBstyrene, polyethylene,
polyethersulfones, PVDF or PTFE; glass such as borosilicate glass, alkali

polyptepiglant, glabieadd costrollpelpahelgass, andtalpslyghopsistainlessisttilyered
nickel, titanium, palladium and cobalt or various iron, iron containing or

polyetiiyimoaipoiyptiged ame tatadall ays i, hfehds] fondscgralydtisrsuicbnes, SHCBE or
materials, zirconia and various ceramic blends. The cores are preferably of

PTFR generalbhsphboicailicatregfasdar gdanlicuwaistahagiess Bheicoitrokédr pore glass,
depends upon the size of bead one desires but preferably is from about 30
metalnitrdnsstetaiblegs 0] mitraeistitadiamepalladsmiis androbaltioagaiose ib@adron
manufacture, various additives can be used to enhance production or add
contaimprgperoyhier thadretided Graatopd anditiedcomprisemmimlasileh as silicate
organics, miscible with the solution. Examples are monohydric alcohols
matesalshzasoniethehadrietisareodnsiadlersisanols. These can be used up to
concentrations that give a slightly cloudy solution. Miscible ketones such
aslheetors cae plsfefablysefia penesaynyphtrivalusettrgile pattibilintothape.
agarose is less in ketone-water mixtures. Any mixture of two or more of
TheirtHesectantizpalslssupieo tho sieenplidked. dhéudthzechag poffaddiyvissrom about 30
comprises non-volatile miscible organics. Non- limiting examples of these
micrang koceah gl G8rineredk yiediergégenl, methyl pentane diol,

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 mbnohydric 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. Any mixture of two
or more of these materials is also contemplated.

A further class of additives comprises non-volatile miscible organics. Non-
limiting examples of these included glycerine, ethylené glycol, methyl pentane diol,
diethylene glycol, propylene glycol, triethylene glycol, the methyl, ethyl, or n-butyl
ethers of ethylene glycol, the dimethyl or diethyl ethers of ethylene glycol, ethylene

glycol dimethyl ether acetate ethylene glycol diethyl ether acetate, diethylene glycol



diethylene glycol, propylene glycol, triethylene glycol, the methyl, ethyl, or
n-butyl ethers of ethylene glycol, the dimethyl or diethyl ethers of ethylene
~ glycol, ethylene glycol dimethyl ether acetate ethylene glycol diethyl ether
acetate, diethylene glycol 8 methyl ether, diethylene glycol ethyl ether,
diethylene glycol n-butyl ether, diethylene glycol dimethyl ether, diethylene
methy\itBeridintdene chiethons el tisthelrye &Wéf’la‘&'éé&ﬂ, gfasthyfhivigylene
lycol diethyl ether acetate, N-methyl morpholine, N-ethyl morpholine, and
alycol S e st A IRPE Pl HFBlcrs: Seiaricarechiss! Sipipb
materials that are in this_class. Any mixture of two or more of these

acetate, difthylens|s 8l¥6ntedistid g SthBihaictitis S msthn e dnRisiges N-ethyl

water-soluble po%rqners which include by way of examples, polyvinyl
morphgisiaaRtd, thelikRy! Hobrhydiseatyrole alylons, malstulas, right are also
water-soluble polﬁ%cylamides, including substituted polyacylamides, such

examples, Qf SRl A TS €138y meRY AMeritve CEVBeonBgrgsof these

blends with the agarose in the initial dissolution step, or they can be
materigls 5ol FPHESIRIESN after the addition and dissolution of the agarose.
Care must be taken not to add an excessive amount of polymer, as
coRBRIAHoRETRE AR SRR MRISHSS BPISoRARERSE: gidsnglnde by
from about 0.1 to 10-are possible. Preferred polymers are polyvinyl alcohol
Way @y FRERIFR; pﬂﬂ%veﬂngrﬁm%h%am%WB&uelﬂ%b@)wﬁe%ewmﬁs&misa

agarose, may be crosslinked if desired by any of the chemistries

dextrasn AP PR P RIR ISt o S iRER SRS ISSeQiN ARy ATifpte Such

accharide beads, th%se chemistrLHeS bein

as pogd?‘gg- l%ﬁ%ﬁ%gﬁ@?&%ﬁ%%ﬁﬁ@ﬂ%@ﬁtﬁ@ RIBFEADA “é]ﬁo‘wg the

agarose 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.



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. 9
It may also have one or more functionalities applied to it, including ligands,
sUtmaratsohareovs praers Snpdenaitiss RRishivato it lydingBamdsotich
of either, modified versions of protein A or G to render them more caustic
as Profgip|d Qﬁg%iﬁl@g %W&J@dﬁéﬂ%é%@&%é@éﬁda@rsions of either, modified
_ 2-aminobenzimidazole (ABI), aminomethylbenzimidazole (AMBI), )
versiqng b Botay iy Akie tOViERd e tHes RIS ERBSHACRaRIR B eoliarivadous
chemistries that render the agarose cationic, anionic, philic, phobic or
chemiqgh Hgandss miGhs RSk foineRRBZIMidesnaleai Bnaminamis by tieariradazole
used in liquid chromatography that are adaptable to the present invention
(AMBY deegrertpeteyipytiding WMEPInftestsRIRbsReimifgeolsidARily or various
hydrophobic, groups useful for covalent chromatography, thiophilic
chemj ?é&lﬁ%f“dl‘gjﬁg? AR GHERAMGNIGrai o RO SOr Chegrthi 4 1s well-
interactions with target compounds, hydrogen bonding, hydrophilic, etc.
know?ﬁ'é%@g"%ﬁﬁ@ﬁ%?‘%é‘%ﬂ’é’d after the agarose bead has been formed and
crosslinked or they may be added to the initial solution and the composition

ofithRelifral SRR idifid AeeBRIPHRE SRR DRI BAR A s A ent
raised, so that the reaction to link the functional groups to the agargse

invenfjop, A8yt L&OHRY WHAhEScrEYtIiRRIndimUsdidh. Terseiflirngendigatinity,

are commonly applied in two ways, First these . )
hydrophobic, groups useful for covalenf 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

10



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:
bromilarr@rﬁbﬁﬂéﬁbﬁ@@mwgmm%ﬁaméw&\@m%@b|9&ébgﬂléme¢,ﬂmry| sqéium
bromine, glycidyl trimethylammonium chloride, butanediol diglycidyl ether,
chloragsgtater Ahtemabelea ANsHRRVER S10lR|SBphifie gRoapiae i dBiah can be
amine or thiol, can be added to the base matrix using methods known in
addedthetbase MR HsaB s0iads kaprmdn bsgehiad thep dhgahe s elrsdigphilic
the base matrix. Secondly, these functionaliites can be applied with
reagenfstRaRibn BiahdLERIHathx hats a?ﬁté}écﬁéffmﬁkly@r@s@eiﬁu%w@fmkh@s can be
_following non-limiting samples, cyanogen bromide, activated carboxylic
appliegeiwith Aetirasions of Hasshassompleix stith 29 lesteahiliaigrryayinalvging the
epichlorohydrin, allyl bromide and allyl glycidyl ether, followed by reaction
follovgpgn engBili BB NS 2 SBARIRFix wmma@a;% te AttEYatsohiIfRTPRIFHG e acids,
containing the functionality of choice. These nucleophiles can be small
aldehydgte Gstes sgRAXIECa s furnsdind rdehisilnl riAser enighigolydrmeallyl
polyethyleneimine or proteins and peptides. In addition, all the above &
bromidgndsflivd 2buridsd & éJQHQW@%EM%&EP%Vér@ﬁkﬂﬁ@%%ﬁ‘é&aa?rﬁ?%rx with
“tentacles" such as dextran have been attached to the base matrix. This
the appeRRals absrRAPR iaaclealea faPiiRiIagthen dftitaR ARG e fieepothese
' size and chemical environment within the bead's asymmetric structure. _
nucleqphilesgaarhe feallmalestdet Apek 3 aanioRTeRans SLERRIAREifieh I afesy entities

improved mechanical properties over symmetric beads. Many common
such qﬁpg}ﬁ%?gsﬁvmé&i groteins 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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formed from polysaccharides are compressible. This compressibility is
initially determined by the porosity of the material. For example,
commercial agarose beads are typically 4-6% agarose, which means that
the particles are 96-94% porous. Without chemical modification, these

materials haye very limited chromatographic applications. Although after
ekl FRPErCATILRG, (VAo N REARCAER ebe Ao OrsHe Ry on: f the
. applicagions, the more porous the initial polysaccharide bead, the mor )
intertgh bSAthaS TR A RATFo bR BRI RHTe SEiRe e nBeR gl

the present invention,.if the internal bead is much Jess porous, than the
oD RSO TEHOHS TSI EESt RFS M Ghe G IGTEhAF ithorfader

much greater than that of the external region. Under mechanical stress, .
mechgRical SR reliin GPHHnd R P (KEREIES i Mt HBGr s pastihetric

Howeverﬁlafter the%]gtial com%r.e sion, the jnternal regions of adjacent

countEIR., HBRGHF o LA ABLH oGRS Ry S A0V ASELN, G odjacent
AR SR SRR BB ottt
. . B  this ipternal structur, be | d igid, the net

SRR TR R TS TR B A ARl

compE GO R AETHE TR B SV e then PTG can be lss
h t ] d will i ible after "point tact" of the .
PO G R Do SRy Y AR B SR, HIEHTE RS AATS et the
biomolecule or mix rlﬁ thereof isgoverned b%/acoma;f >ia§et af factors
|

bed TG SN B 15N ORI B GO g ncompresivle
T R T
be ingor}ggrrgs]s'ible 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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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 interactions" (species net charge,
hydrophobicity, hydrogen bonding, etc.), not molecular size drive the

type’Cﬁpar tlg15 P%% %1; differ s?t bi mhg%:t;‘#gsaﬁc n ad anta 5 n as?/s%rﬂ%?rﬁnhc

M ?@%&fa%?owde .

« I t 2) the ligand 12 d den d

two %f?§°§§)lm%ec§%§$#§§§r?§?aém§ BRI o STRSTHETE TGO TG AEgecule
nd combinati ns o 1 ). These aterlal %)rowde tw

spect i uieiS Ao B BT L A e i PRI IS o Bl e For
I but al he at lea di
exanley ¢ iele, %%teracgt%%%% R PP EaR AL ieHedger Binding
di Id b
enir R SR RIS A PRt e QLo dBe e LA S BPare:

RS b %ﬁei%vp?r's%%ﬁ' SRS Rt e arr eie?ri Hlon

th rotein ) 16(% k%g can ottecae dl{fuserﬁﬁéﬁ ose r molecular
is eé)(%rra gly, a v agarose {H ans bea of? garoseecua

weighl SR TR S HCE. o adaed iR onc oo o

a poss ique C emlca 0 ificatio WOU

absorb # &16%sruct Thl%qsqyldes enhanced remaoval o

0 s
6% 3 Smmon |mpur1%y n orger @ mAIAEE e Bindfivs 32165ncptmtgf ﬂs]mk n

R B A gl s b ool LS 08 AN i
modi%ggtionf w‘ﬁﬁe the Mab would be absorbed to the 6% structure. This provides
enhanced removal of common HCP impurity. In order to maximize 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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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

id oW, eluti K ibly better r. tion. A .
cores Qo B A BB OF D FHGAER RULRB QA T ¢ 2

tempGE RO B TSI SCR R S5 LA 6 CErEica o0l Hipen o
. th , mixing th d1l ith a hydrophohjc liguid. to f
R T
ter t A It] [ f th , ing it t h tati
bt A LB RO S LR N AP ar e QPO s
d, bath of hydrgphohic liquid. T. then b hed
B L e A
. functionalities onto the agarose as is known in the art. EXAMPLES
in th mple 1A. Asymmetric Agarose Bead with Unique Chemical

Environments and Uniform Pore size SP-Sepharose Fast Flow (6%
crosslinked agarose) was coated with a 10-15 micron layer of 6% agarose

according to the following methodEgg ﬁbﬁﬁlge beads were then mixed

into 300 ml of 6% agarose soluti = se from Hispanagar) to
ExanfidA Ao The oarosssbeads mixlurc s addad 0 A000mI oLy

AL
. Unifqrm Pagre size . \
e ﬂplldbb‘ is continuous. The

SP-Sepharose Fast Flow (6% crosslinked agarose) was coated with a 10-15
micron layer of 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. 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 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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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 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 se . washed with
sgitat BB S SRR ST B ot L Gh WA W BERI
th hod disclosed in Porath, Jerker and .JJanson, Jan-Christer. an S,
and (RN B GFR b EHTEHTRBLASFTY. WL S P 9 Mamhed bl
.af which is hereby incorporate reference. The bead was then modified
OfM%f\ﬁéBYac%‘ehroaﬁlgrgheé 5%%?‘55;%19&), In a jar, 10 g beads, 30 ml of
5M NaOH, 7.2 g BPSA were added and 14 agitated overnight at 50C. The
beads were washed with 500 ml of Milli-Q quality water and the BPSA

E pgoiEs was repeated at second time. The beads were washed with 500
=Xam illi-Q water and then stored in 20% ethanol. Example 1B.

SSPSRIRce Fast FiRl (60, Losiibiad aIRse) Wae Soaiet Wil & 1015

icron layer of garoseas discu Xamplé

. were crosslinked according to the.method discl se%in Porath, Jerker an
mICI‘Ojla ﬁggho élpoc%ﬁfilg?ese as dﬂ_gsussed?m EXE}I‘&B c fzg b Cﬁ Were CI‘OSé%IS(Cd

an- rand Laas, Torgny, Journal of ﬁroerﬁa?ography,

971) B. 167-177..The bead was then modified ,with bromagporane
sccorfiif td the A asdforein VRN RAES B 1Rt RO and Laas,
BPSA were ed and agitat ight The beads were was
Torg e SR Aty Chdy Lt OB, (Rl D e
with SRS RUANONa, Hmes L heahsats weremesheruslh SO0 1 o HRon, 7.2

water anantehen stored In ano

g BPSA were added and agitated overnight 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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SP-Sepharose Fast Flow (6% crosslinked agarose) was coated with a
10-15 micron layer of 6% agarose as discussed in Example IA. The beads
were crosslinked according to the method disclosed in Porath, Jerker and
Janson, Jan-Christer and Laas, Torgny, Journal of Chromatography, 60

Sel 19 fﬁﬁ 7-177. The bead was then modified with allyl glycidyl ether
ﬂ%&%}.—ﬁm%ar, 10 g beads, 10 nil of 8M NaOH, 2g AGE, 2g Na2S04 were
it [ d with 50
o A YA R A S SR e
natur] 51176 THRRIRIGS OLSUTSIBN RELGNAIRE Ad maleCHIRn MAIBRIINE Fep )
e t tio ica

lsed fo test the Mature of the selectivity or sep n factor under typ
cond e A D 8y B S
0 R RSP SRS TR i 10
S e e B R AL R e Do o0
o s e 2 e Lo L oAt

startififs LA %ﬁ%‘&%ﬁ%% J AT f&%&ﬁ?ﬁ)(gﬂl Wad ROSAMEn terms

AK PEAK SEPARATION (CV) (CV) Example 1A 9.36 13.46 4.1

of cmm&aﬁe@ﬁ%‘w'ﬁ%ﬁ"tm 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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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
ARG chemicale S.SRYEPImERRITARbLIe SR0SHALAUIRPIRRK densic
envit igan s."IElEae | ereencneilw #ganﬁen%%? %etween t%e outsﬁgé aga%%se ensity
berwdAR AR e RIFSIAERION3 1HE!RASA oI DR QLGE U RTRE
etW1 C< Exar%plea% < Exa%]gfe 1A. There is ve iﬁ)(lit]tle l(l(jll\féflererllcéqgetween ne
order I&UIRHIE i'@aé!ﬁxda%'é_ }ﬁ'&’_l%“g EJ%&E&@%“Q@.“W&@%M BRI GdCen&Ptlween
having essentially identical chemistry. The IgG peak position follows this
the ifISRE"HARRCIINR, 4G PERALIAATCUIRHES! fpr IAGRER NG having
lowest ligand density in the outer layer, while Tor Example IC the elution

esseniafl r?d@ﬁf&l?%'l‘ﬁéﬂﬁs’ﬁ’f. Ln%?g?é@%QEggg%ﬁ BIRNGs (s BERNAAB6hd. The

control). Interestingly, th ozyme and peak separation do not show the

IeG FARGRITNSUENS - HANEY hetyS Al SRl UIGRER SERARIRNYS: B8R Huter

or the asymmetric beads with unique chemical regions within the bead

laye1',51§£1lﬁ?1téJ for IEWA‘ F AR (ﬁi@fﬁizﬁf}h HOIRQISRLAYTBAN galjlﬁ%lre

agarose were crosslinked according to Porath, €t al., above. The bea

alone AP 1S O WA DIATIRRY eth%”f%b%iﬁé"%&?d(ﬁgaﬁ%;gé}ﬁilﬁ{ Pt

g beads, 300 ml of 5M NaOH, 72 g BPSA were added and agitated

show e Sdey Qhﬁ@gtryf@ qq@@%\ygﬁ rg ﬂ%@%ﬂ@%ﬁ%ﬂeﬁ%ﬁ%ﬂs Cﬁl‘@é’ltéﬂ‘ for

water and thé BPSA process was repeated two more times. The beads
the ad¥fffaetric 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

17



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

0.5 ing%%%?nf‘ﬁ-gﬁ%&?a @F‘é‘iﬂéﬂ&-@‘gizﬁﬂﬂg}?ﬁ)‘?{ R YR? ?@ﬂ/ﬁg-é%N-

ineral oIl at 90C u r constant agitation to obtain a

12) ateM%irod%t 0 (Yi*@ig/}ﬁﬂ?i%%?g%‘??ﬁso‘i?Qf@‘tﬁ’“fhér P& Sﬁi%%r}é‘é%%%%g ad an

pumped through'a 17 0.5 Inch (12.7mm) diameter, 6 i1t 52.4mm

estimé?&p&%?h ¥ Ic PGl SRR AN é&@%ﬁ%ta%g%\ﬁgﬁﬁ?aﬁgﬁ _W}I@H&minarlltly

mineral oil at 5C. The resulting agarose d'an estimated externa

singlel-%%?(f&r(i W/%? qf}fleob'é’gd@rﬁe%esgﬁﬁg, Rg%ﬂe@gi QA b %E@R@%ﬁﬂgy and then

single-cored (">50%). The beads were set washed with’of water,

water HRI0HANGLNRPe WRIRIinkBE S RFANS W SRSl '&'E‘?Qb%%?@ﬁ@ B8ads were

Porath, et al., above. The beads were then treated with glycidy

then t&@ﬁ?@&%ﬁ%ﬁ%&tﬁkﬁﬁl@ﬂ{ Bk cliRR %éﬁ“ﬂ/f)&t‘af kﬂ&%dﬁ%v?fﬁ) ml of

added to 100°'ml of 75% GTMAC. After mixing, 3.3 ml of’50% NaOH was

beadsAAAE i RS IRARION W38, BRKERCVARGLALAR S T i BE3HSMEIBH was

washed with 1500 ml of Milli-Q water. The beads Were then coated with

addedOFRITY I ARQINGE I RUEK W&Tﬂgﬂr%ﬁsﬁeﬁ%@é&%@%ﬂﬁ‘%ﬁ 1500

mixture of two dyes: methylene blue (1 mg/ml) and ponceau S (1 mg.ml),

ml of RAHICRWRIET PASHIRIEC QEREAER VoM Qibh WRIIMRIGPIMG A% 6%

control. The beads were washed with Milli-Q water three times (100 ml)

agarosd CTHEORRIGEWAR FEFRIIR Y WsiGR dioia) ﬁ?@%?rﬁl@ﬁ'ﬁ@éﬁg B8 (1 mg/ml)

microscope lens. The BPSA (negative charge) Center 10% agarose region

and pJoReOt eYigg e dygnlep %@é}{“? e IR POF YR GHA SO Bn1y

GTMAC) and did not bind methylene blue. However, upon exposure of the

methyI&AHRE}EWFEOf MEBIERE Blue aachEBwith 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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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.

ASYMBBLIE LIV BREPGAY WBNEE D BNIGR Fe MERRBEE 5081 T Y01 59,

Distinct Pore Size Regions : Preparation of Internal Structure 18 A 15%

agaro%e%mﬁﬁﬁﬁf@)vsaﬁ € HMoHGIRlRNInSReiac 1099a0hAf dotineral oil

agarose solution (D-5 Agarose from Hispanagar) was added to 2000m1 of

contaTiAG! P Gith1 PHRUNIRG drfh O imRAR GG A BISHeYOTaL iR QU A R 3fon

under constant agitation to obtain an emulsion in which the oil phase 1S

to oRARIR S IERIR SWEIER WSS haBs! RPEShIRIANEN 218 dENGbA- WaThen
diameter, 6 inches (152.4mm) long Kenics static mixer (KMR-SAN-12) at

pumptdIANYSERER f B5/THER IPTO. AnsRGEhRath & MR 18h ahaf) 1SN RIE&s static

homogeneous agarose beads were obtained with a largest particle

mixefl SANZO9UM, H3G/RERASHYEImREIHRA WRTRADLWELPEWRIES oil at 5°C.

ethanol and then water and sieved to yield a bead size range of 75-125

Spheritl HogBEARR VeIEata8N ass e d BGEREEINGECa ﬁh%g%g%?ﬁdﬁ@&i%ﬁ@er of

in Porath, Jerker and Janson, Jan-Christer and Laas, Journal of

200ufaMAHOBIAAEREY QAL WasBed &1 6f wht SRR @ NN GhateNRIE B ved

incorporated by reference. The beads were then modified with allyl glycidyl

to i@k iikiasr 13019 eadsTheQeplolRM HRE thod38igigrdidBrding to
sulfate and 100 g of AGE were added and agitated overnight at 45C. The

the OGS WAVQIWNRBNRAPYI Y &RE: THPIMINGS Jualtyyaierakxample BRgny,
Asymmetric Agarose Bead with Unique Chemical Environments and Two
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 a jar, 120 g beads, 150 ml of 8M NaOH, 30 g sodium sulfate and 100 g of
AGE were added and agitated overnight at 45°C. The beads were washed with 3 x 500

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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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. 19

Exampl@RRIA3(m AL REHI6LINREGBEAd WD MRIAHE IFIR BitRents and Two
Distire P PERNSIE & AR WPrdpiHch P& RIZ61REIQNR - 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

miped RIGSALM! pLEKHRI gﬁassel%oMé@éa(%ﬁlﬂmr%%%ﬁ%tﬁaﬁﬁﬁg%%e

to obtain a slurry. The agarose-beads mixture was added to 1000mlI of

folloWHiSFRABAL 90 Grlt siethEORSIatAGRalRR I RRIAIHRN3GINHEIBR BY¥VAiaRose

the oil phase is continuous. The emulsion was then pumped through a 0.5

solutiBif 012 A FArsdIRae s SatREABShLom AN IIRRY KAUCH RIS BB mixture

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

was RURPI6 headmhadt nsslimatest e)@@@nahtﬁeyeédﬂé%&e§§i&fti%gum Idehthean

bead population was predominantly single-cored.( >50%). The beads were

emul §6H'BAWWRANRE MMthal RIS @HB0e! aRe thaNsWRIgEAISIRNREDHIBILA a

bead size range of 75-125 “m. The beads were crosslinked according to

0.5 i&1e (Methed dissiesed & Rerah dekenand R%%Ebsjﬁﬁﬁ%'ﬁt&f@@qm-
Torgny, Journal of Chromatography, 60 (1971) P. 167-177, the disclosure

12) athiBiGite BEMDMINCRIBARHRAPYI6IE5e0CThe hesHRAGSAVAGRIE R had an
with 3 x 500 ml of Milli-Q quality water.

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

single-cored.( >50%). The beads were settled, washed with of water, ethanol énd then
water and sieved to yield a bead size range of 75-125 Om. 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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Example 3D. Asymmetric Agarose Bead with Uniqgue 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).

and WA obE:Hi PRAAS (3¢ MTRE BAMJINIRK wadhd AT, SR 4RI 29 ﬁ\&_&%ty

agitated overnight at 50C. The beads were washed with 500 ml of Milli

waterdhlieNQIgE AR aired in 20% ethanol. Example 3E. 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

ExaniiRBRPRRHIG sifoRic, ARl KBRS D Aldle ERehhEAdSIDRhSERYhd Two
DistiNePl7e SizcReEons W ERdGedr 2ad AorRladouar gl Ao PierhRESRR S e

were washed with 500 ml of Milli-Q quality water and the BPSA process
was repeated one additional time. The beads were washed with 500 nil of

M3 eMesrane BEAR #ore B Pl RiNARR HexaHuNgid wits Kopane

Agarose Bead with Unique Chemical Environments and Two Distinct Pore

sulfoﬁ@&cﬁ%@?@%)’.%dig% £ &3 BERARIS M4 IR 19 X BPIOA SIE Ui ed

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

and aPIQMRORRRPARESHINAE. atitk (RERAYD RiRheiQetR 880t BOFMiAl-BMuality
aOH, 7.2 g BPSA were added and agitated overnight at 50C. The beads

waterMREENASPSA Wit Q0w QMU RURIHH Sl emA ITHE REBRAVBIOGRiSed

was repeated two additional times. The beads were washed with 500 ml of

with 300inQ SYNRIIACMWRRY Aie@ddReRY Bihenolmgalactivity Testing. Two

proteins of different net charge and molecular weight were used to test the

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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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 21 mg/ml lysozyme (Sigma) in 50 mM acetate buffer
with NaCl to give conductivity 10 mS at pH 4.5 were applied to each
mg/n35RBIE £RISIENE)IAG ORI 4detit Badibieitt 10:66 %i&@%@dﬁ&ﬁw}hl 0 mS
that the net protein loaded on the media was 10 mg/mL. The protein
at pHIRSWRrWaFHaN BIeirA 3hABR GOV HSINI(D IhY (Hakl R ARPAS0BEem
at 10 mS and ending at 80 mS. The peak for each protein was recorded in
diam RN SRICANMAV ARSI (C el enstantafaheag utian gradientid easkein
volume was corrected). The data for the peak separation are shown in

mixtuk@WasZhd B fe L2 ANIRKFNOGRIREAKNCV) NG QM SEAHgREAKMS and
SEPARATION (CV) (CV) Example 3D 19.7 25.7 6.6 Example 3E 18.6

endingba¥ &) InEXxarmBIgedk 4t €adh.8r8tdinSWaS esldadesed ReindbB &l VdRithes

Table 2 reports the peak positions in the elution gradient for both 1gG and
(CV)yepaymeestarb sfl enoeinthym gedaieint QRIVAORJBEA3IRESCoHEBRANOENS ARy the

bound a species is to the media. The media were designed to have

peak Séipariie s BrkAVAM TABKssal 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

TABLE 2
SAMPLE IgG PEAK (CV) | LYSOZYME PEAK | PEAK SEPARATION
@Y @Y%)
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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resin (Sepharose Fast Flow). However, Examples 3E and 3F show an
increased 22 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

separbEal D P HHD o preesmopediangtar dae @ UfHe hspraeRESBEAAt $keutiée with
on same day) was mixed with 100ml of 4% agarose solution (Hispanagar
unique 2hétRiNANPpSI Ezeliagiaaarose-bead mixture was added to 2000ml of
mineral oil at 80C 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 5C. THX AMIMIKS5 asxsinreitiedieddsehdd an estimated
external region thickness of 10um and the bead population was
pregomefanty soglamsiose ddaréd2 Hends W hetimciaingd Wahefdd (Made using
asymmetric chromatography particle comprising a first region having a first
proceR®figaeiFe tdi BT O siiteadssyanss regied Ranuseatost eregiise solution
distribution different from said first size distribution. 2. The asymmetric
(Hispahagarabag rapbbtaarticlrad, claihne hgivbesaivadai tiister 4aio ad de@ifol 1EI0a of
region of said particle, and wherein said second region is an external
minefglgitint FosaidupivitictRsBint Bgi R BeibriehipRalagaPhy widictBobil phase
claim 1, wherein said particle is a bead. '
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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4. The asymmetric chromatography particle of claim 3, wherein said first
region is a core of said bead. 5. The asymmetric chromatography particle
of claim 1, wherein said particle comprises agarose. 6. The asymmetric
chromatography particle of claim 5, wherein the concentration of agarose
What's $ishitgtgegion differs from the concentration of agarose in said second
region. 7. The asymmetric chromatography particle of claim 5, wherein

sajd ArStamhtcie GiiRinagk @l’é%ﬂp??éﬂlg%cﬁﬁ@'ﬁ BI6nHaing a first

distribution. 8. A population of beads wherein said beads comprise a flrst

pore SERQRHINGR BralaRRESRIZR HIHIRRARY s8R SR R IR A fferent

second pore size distribution different from said first size distribution. 24
from said first size distribution.

2. The asymmetric chromatography particle of claim 1, wherein said first region
is an internal region of said particle, and wherein said second region is an external region
of said particle.

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

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

5. The asymmetric chromatography particle of claim 1, wherein said particle
comprises agarose.

6. The asymmetric chromatography particle of claim 5, wherein the concentration
of agarose in said first region differs from the concentration of agarose in said second
region.

7. The asymmetric chromatography particle of claim S5, wherein said first pore
size distribution is smaller than said second pore size distribution.

8. A population of beads wherein said beads comprise a first region having a first
pore size distribution, and a second region having second pore size distribution different

from said first size distribution.
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