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

generally a base matrix (such as a polysaccharide, synthetic polymer 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



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

reduc€aifefagohaatoal bl sFshE paviid i patycubelysattbharidebdagiRiaysuch as
typically made from one polysaccharide with a uniform or "symmetric"

agaroftQre Rolysideadhides giieubdvenigadubXesrnles ddiese "sypivaliriwendsin
include Cellufrne(r) (cellulose), Sepharose(r) (agarose) and Sephadex(r)

bindifgexiisy) td hixsetisyamngtrimeass Borth niiaaidesttictughoutdbavieidonally,
structure of the bead. The chemical environment (pore size,

polyséytiepiizobicitl, iganghiysieyamdddrvdensitydlgsacdasriztisliyhuaif@iiform or
within the internal structure. Therefore, the nature of the binding
“symm@sttikonpoentuaughtubdiighdue ahkid exdfofratipibe o€ SiesteivgnitmetdiiVibgads
force for separation comes from the difference in binding strength between
includebSelheihdRoelktvie). Stphacasy®viagarassymiveStiphiekin@s(deedan). These
optimization of the binding strength through control of the buffer conditions
symmistiioe balls dsivid grfoleaifiey dabigtiogt thie:diesétad] separaidoof [thaddii@in, The
polysaccharide materials are inherently compressible, and often require
chemichkrmeaomadificqioee tizeedydeophoticiissibigiyidughbeasnkhibgghl density) are
crosslinking. Another property of a symmetric resin is the mechanical
essentflngiii fotthevitdddizhevwhichmas stnasuteof Tienefatelidiepareustrof thee inding
chemical modification. Typically for polysaccharides, the smaller the pore
envir@neenf theonphdiat, the beedtayr tnéfonachinidadsstsgstgthsddiectddigherforce for
concentration of solid material (lower porosity). However, the smaller the
separqiane cinesstfremmtire dififictened i dimbtisg iteensibrettargentspebidsb{sunticas]es.
IgG)
Typically when a symmetric 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



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 2 symmetric bead is the result of the size and size

symntbigidbeieniofilie auticld. hs e padlisigesetgbisicmallancepteiold. As the
particle surface area increases and therefore so does mass transfer.

partidRUSIRG gtkiomalite, seeianppdtitle: Aleisd el cn ShortasadiitdidietidnNe osd ddes
the media, thus causing a more concentrated, narrow elution peak.

mass taieddier Dhingrehidogrienimbliee pnakddeinsierfis atdinatexdeffissodf time out
permeability, which restricts column dimensions and media throughput. In

of thénaryibjomeeciilsfe patasiensoribentptdesefontarkaiofiapgek Molecidedristhis
the most concentrated species in the feedstock. In other words, the

imprévyphgitiesfatieeoniysa igmafepescantageepéhectaifiparixsiilioyDerdegtaniatcts
With symmetric chromatography media, the separation is often affected by
colunindlingridienasgdtmadiechteughgigsome of the impurities, and then
separating the impurity by using the elution condition to differentiate the

spkeciaanyf bivntolecaibe siparatidpis rhsispigicn dfiéindrisdicigrgbemolbdadhés the

media, even if the proteins are different in size, the separation can be very
most dificetitritedospecieadasthih dedifftoak. ndil cahet thesspaiatiaipisities rasulindy a

the limited number of driving forces affecting the purification. The end
smallrestiensagihudrthdavtel wiblthnf pubdicdparatein With syeomplikielsena@iggiphy

or that another chromatography step is then essential to further purify the
medidatpetsopaletiole issoftem afiféeted by ditidingthhdiffaentrdolénddenod sdote of the

separation. This is time-consuming, inefficient and expensive.
impurities, and then separating the impurity by using the elution condition to differentiate
 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



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,

partick lvdi@id aithterigl tanevenneiipbeumpatlicigbseremps ateshlidisiatibe serves
polysaccharide material can be formed. Another common technique is to

no fusewdithid shlichrdtphrticipaditth ar magrabin preyatitsally hrcbeads tike particle
absorbent. The solid particle serves no function in the protein capacity or

typicadtBparigtaitypompexdics the tihambieadt thegatkaksh g deadlynatisadrbhtbennsetiffor
the density of the bead such that the material can be used for non-packed
non-phelctdpricapphcationsonie sasesdiiesstlid wdidigarpctyigiesidgidiigiditg/and/or
reduced gel volume. Recently, materials have been developed with
reducsd gealedutids"” or an outer layer of non-absorptive polysaccharide used to
restrict the entrance to the porous structure, in order to avoid the binding
ofRacgetinaiedatedsiaile beaintevehupahpattityofonleddilads’speaiesutEhéser of
materials have very low capacities for larger molecules as their internal
non-abswfptiecapedyscdiiasidailaidd to bestrispeliesrivddue domghd pevmussstvackubgsin
shown it possible to modify a symmetric polysaccharide structure with a
order abeamiid| the difichtigroinl argasyoleneleic wiaje hirnteitinggugpadiyddosaler
creation of a changing chemical environment within the bead. Typically the
specignodifiestiomisriatetaveprenyideve capatrigidayer ngtrenmltsialesofsbeieardernal
This prevents fouling of the outside of the bead, especially in dirty feed
surfacsteeeanis sotcivaitatiio se Hotinspaviedoabietidged absorption (EBA).
However, this technique does not change the pore size
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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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 techniques, 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. 4 Accordingly, a better media design is needed to improve
bioroteutileglpurifichtivers imsdiichienigseparateded devempipyaoreemmiecule
~one characteristic of the biomolecule. 5 SUMMARY OF THE INVENTION
purifinetionsbie mdichtHie feprrationaisedsasn byaRSMEBY e shasegieristic of the
_ invention, which provides an asymmetric chromatography media suitable
blorﬂﬂl%‘éﬁ%rations applications, particularly as packed bed, fluidized bed or
magnetized bed chromatography media. In certain embodiments, the
asymmetric chromatography media comprises 10 asymmetric particles,
preferably beads, having at least two distingt | enerally with each
having distinct cont ¢ ,,ér‘é‘é.{)ﬂi ::i'l.‘{au..a. Freferably o)rlle of the
distinct poi%ﬁsizeebtistribuliio is IS in an }ptﬁgggl &egion of the pa[)ticl%1 and

the other i ANExtEhal regio I})Orrc%atlng Sn the- pg‘r/ﬁ{:(f(e)fnfhe e distine ent

. re size.distributions can be modified with uniform or alterpati i
IHV% 10 VldeS anxatm%lglg?}c ci‘lromatlo&' SBBS e§1.?%15?ta%%l¥glj )ééfﬁﬂ'dgns
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unctional gréups or mi unctiona he present
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asymmetric porous p y providing a distinct internal region,
me&ﬁ.efe@lb!yef‘&meefﬁs%iments, 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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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 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,

cordnpibanigseast pédhis isentipeierisobibéake havriesiepduith two distinct

consumption. 5 Another aspect of this inventionis the abililtq).{gto have a

MR ctRgiotier. For
that is_different from the other. For example, it may simply be pore size .
exagpple o ifdPeh SRR Hh L 4R cf??éc‘gﬁg; Fe%%‘ﬁ?eﬂl@?ﬂg%%e 9daﬁ%ﬁ%]?& regton.

additionally, jt may pe ligand type, density or,mixture, media 5 material .
AP oA ROl BB G A o ALgHat (T b e, media

ma G Pl S SE0SE LS AR S ARP VAT SISOl arose
Beadso? é)prese Inverition Is In Tluidized bed chromatographny or

a ic,ghrom hy where the core provides the required -densit
[l HRARHLAPNY , p q y
bea@oar%a%?zécf beﬁ%?or%?e magnetic properties for the magnetized 10

chroalRy R RRIGF RESCRRTION QE FHEPRAMIES \Fishe ddtbed

is a cross-sectional view of a symmetric agarose bead Figure 1 Bis a
chr&hRSsRaMiena! viawhof AR GexHBEHHh RORRRRS 1HRaErLS fridlies2thés Rquired
schematic view of an array of asymmetrical beads in accordance
density (for fluidized beds) or the magnetic properties for the magnetized

chromatography.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure lAisa cross—sectional view of a symmetric agarose bead

Figure 1B is a cross-sectional view of an asymmetric agarose bead,

Figure 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.

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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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. 20
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 6 improved materials particularly suited for biomolecule

impeeysdraniaiesialp agstistdady wifsodmndigmplesnlsdrenaations i distrrlerred

layers, generally with each having distinct controlled pore size distributions

embpgtimgntqthe eredinanrivssifranisins bReRbosensAllY b saghagag listinct

ore size distribution is located in an internal regro H‘[medra and 5 the
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weight) or can e open é or large biomolecules. Theinternal and
Mo%%f@iﬁﬂ?ﬁh%ﬁ&@ﬂe 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

6a



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

to efféleiedyivasy agevstodgiantbioasdidnges egyinse tanAKEs moRsIRR vaéaist) or
carrageenan, guar gum, gum arabic, gum ghatti, gum tragacanth, karaya

can b@WPetOehish g dsr Juipe TAoisBcalER, PRGNgeMyCHIRl BeRailSp@iRcsizes can
gelatins;. Agarose is particularly preferred. The beads can be formed of

extentheveamRnpaiaitabibrpug bifult of Gaprded ¢eonmseieaphiye Miranoie
materials, preferably porous materials. For example, the bead can

CEupaISe talassnatessidshatpe o thprdlbr eae on dheoinaidgrapiti@beads,
agarose layer on the outside. Filler may be included to control density, for
includixgngides, \iihé raatagalrasd isyiithotie dialpiadeyishoh haththedstdivialardnzene
external regions, the pore size distribution can be controlled by varying the
copol¢ARELAlAte: afaoscode Fivexaappie alritargetelbiosstkalibiost agarasies,
will result in a smaller pore size, and thus the internal region can be 15%

dextr@agatash it goenanicring goatingiayerianshm Graataroseiragacamh, karaya
external layer will therefore adsorb large proteins, such as IgG, while the

gum, i dleanrgutdyeineitactivelyfyeing) thectimechspalies,aiid@elatins;. Agarose is

chromatographic separation) excludes large proteins. More specifically,
particifierbopesfairéde adibtadoidhdefosant iof érticinean herimatieowitany, or can

material that is useful in chromatography. For example, the core may be a
be a arogpneile loTked agarmse hetdials plasiteabieisdrglasaaertdsaniicr Sxaigihhithe

when the finished bead is to have high rigidity, the core is selected from a
bead caatesiaptiretdptinesn'symtietdt fodynier bead or core on the inside and an agarose
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



temperatures used in the manufacturing process and which is
self-supportive. Suitable materials include but are not limited to plastics
such as polystyrene, polyethylene, polypropylene, blends of polyethylene
and polypropylene, multilayered polyethylene/polypropylene beads,
tempaatyties usedyu fon esamndhvethieis pifoss, A Bfhich RT$H glpssrtiveh Sasitable .
borosilicate glass, alkali resistant glass and controlled pore glass, metals
matersaishiasisdairiesagiendt nitkikditanipiastieallsuibmapdigstatner palipstkylene,
iron, iron containing or other magnetized metals alloys and blends; and
polypeepaieies, susdbmis siliofite poatethgisnzircanid angolppiopsleasamiahikiiagered
The cores are preferably of a generally spherical or irregular particulate
polyeshylpre/pieprahgtantebchdpe ncks ligxo ptiesalfenof, bpalg aheradfires, RVDF or
preferably is from about 30 microns to about 150 microns in diameter. As
PTFHs glassnsochinsabarosé daca dlasanaliediuresi stantogiassdaiitiv esntaril &k paedetass,
enhance production or add a property to the beads. One class of additives
metalsanngirise standkassl stesly anieksl, rtitaaibte, il dfierscint @bt @mphe® @ éron, iron
monohydric alcohols such as methanol, ethanol, and propanols. These
contat@ngderusthdrupagnetned nicatiordl tyat gidebendsghtly ctyambycsphukthras silicate
Miscible ketones such as acetone can also be used, but care must be
matetissgzarsdhia sotlibiliiypusf @garisdlinttsss in ketone-water mixtures. Any
mixture of two or more of these materials is also contemplated. A further
clddm afoaeld ticepreferaphise$ agenakdiiesphiatialecorgargotarNeantidumatinghape.
examples of these included glycerine, ethylene glycol, methyl pentane diol,
Theirdietingen dapyeds, prapitenizglyLbtattiotieydesiecs lyaopritierabbthy frethwhart 30
n-butyl ethers of ethylene glycol, the dimethyl or diethyl ethers of ethylene
micrgyly tohtetiyléfenicrons in diameter.

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



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 glycol

diethyl ether, diethylene glycol dimethyl ether acetate, diethylene glycol

diethyl ether acetate, N-methyl morpholine, N-ethyl morpholine, and the
methyjk ethspyheHaline ghcok %Yiﬁ%ié@&taymgghya?é Aoyt xethesiedighylene

materials that are in this class. Any mixture of two or more of these
glycolndirthylisthdo UsHslensnabischdisthet ethes dighvitiesisplisahyl ether

water-soluble polymers, which include by way of examples, polyvinyl
acetaigy - ifiBRENPoBVIFRA attieis], ethgrstnicyNoracthidxmamhaline, N-ethyl

water-soluble paolyacylamides, including substituted polyacylamides, such
morphaligsyy affleth ks anhielecthdeac, lyrnlsichdarivawdeaise nadghhsare also

blends with the agarose in the initial dissolution step, aor they can be
examalsgdr&éaqmﬁéssﬁihiawamerhﬂ%ecla%fditié%l&ﬁalmggﬂaﬁd%f%éné?g%\r%%éhese

Care must be taken not to add an excessive amount of polymer, as
matetdia]s 43,30, gt @ittion may occur. Ratios of polymer to agarose of

from about 0.1 to_ 10 are possible, Preferred polymers are polyvinyl alcohol

de&ﬂ%}hgraﬂasaa@aéd;ra\fﬁm@?lﬁﬂéewafa{-mma|aﬂVWﬁ@re%ﬁﬁpﬁ§éﬁdsfby

agarose, may be_ crosslinked if desired by any of the chemijstries
way Gl s ROy YHY In @y inidonso fabkin reicahobo mabyiHYy Ienftgkycols,
hydrg];all groups, such as polf/sa,ccha,ride beads, these chemistries being

dextraps, and iRt kin nebyasyiamisiesnyar Mdpe mbsHiniadpekardamdss, such

ompounds, various bromyl chemistries gr.other multifunctional halides;
as p ﬁﬁgq: %réf’lamide Thesey polymeric additives can %e used as blends with 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.



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, such as Protein
A or Protein G, natural or recombinatorily derived versions of either,
mBdRRgalseRIROBE prRare Auseidong idpyaprtedionbrineiding eaprs, such
and the like, various chemical ligands such as 2-aminopenzimidazole
as Protei A inRistaidu by Behsahrdsemansienyy ferivag semignselmdavmpdifed
_mercaptobenzimidazole (MB]), or various chemistries that render the
version§apb S st ric OarfoAcIAMAE, (heBoRBE Geaedstaklfs adithendilism irpriRus
art of media formation. Functional groups used in liquid chromatograph
chemigal; Hgands suthleas drapredksnzimidarads iHeRlde @qaag@@@aﬁbag,zmgﬁ%ﬁle
limited to, ion exchange, bioaffinity, hydrophabic, groups useful for )
(AMRBya it antoraybyrapmyg, (MEghiiRs imersrrishegritidazelie(3fBhy or various
chelating, groups having so called pi-pi interactions with target compounds
chemistrics GaH BaMan e AgaroisfRioaie. aieaic-pbiiss thadiner deay el l-
agarose bead has heen formed and crosslinked or they may be added to

knowghin ithei a1t mrshiaiRanmati b mposition of the initial solution is modified

accordingly, such as pH being lowered or raised, so that the reaction to
liMRRRRTAL SRS (e Shrometo sraals thahwis-AdaRiANRriathe present

. crosslinking reaction. These functionalities are commonly applied in twg .
1nvenms}q§#gqethgg§1ps 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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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
such as Ig)olyethyleneimine 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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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, commercial agarose beads are typically 4-6% agarose,

which means that p are 96-94% porqus. Without chemical
e ARG S0 o e R G ERF I BEF T S BEEgiG enton, i he

mtenﬁg%e@ﬁuons A|thfu hpggﬁ%e tg‘;:; crossll ké)n E;gfeﬁlség}ﬁ?g;ﬁ gllsm%% amcal
polysaccharide bead, the,more limited ts 11 ical properties wil
oD DA R TR e B GRS BB T AL, O AR T Pl fer
less porqus than the external pore structure, the mechanical
mecha% RS (A EHEER TR i GUBRLP AR KT d he B

ion. Under mec nlﬁ%str s , the externalr ion will comg?%ess

coun aﬁ'ﬁ’s & & B%B@FS%{H‘er e THRAFLERS Fs%ent
T A A é%ﬁ@ﬁﬁ%ﬁéﬁ%‘é%" Ry
“Poin R bosh AFocRTE g%%f?g%'i g@a[ﬁf&%}i@% TRETLAE Ibeorisetoic!
comRgRN A &%ﬁﬁéﬂ%ﬁ& e R R
poro%gia%g ATy %éésﬁa?.?ﬁ’%%sé%%#ﬁé%%? °er§€é%p£re R e
emt rmal structl?r S. T esele t|V|t of ch mato Egémedla for a

bed %?8 SRR BP IRt tﬁlélf;eofn n@& nggprpFessivle
matena tlgrgsle qjlegl ! anq py£'e slx%apu?ed %‘esntﬁie resulting chromatography 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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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

e R R A o
o B ARSI MRS v
o SR R A S TS I
N e L
ol PR SRR St B e g
o R BT AR ST DB R A SER R
R R R P o
i GRS AT SpRlcton sLbe ovel medim e represent enion .

Q
separation o m Nnos Pr abs a igher

. . T . o
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C
rose g r mg?y, garose bead ‘witlr an ihternal bea

15% agarose provides an jmpurity..” " in_which HCP can be ad ocb%{l{,, .
0
6% dggross Bead with dn intertal Wead o 159 abardsd Rrokdes 20 (DAY Skt in

whicﬁv%@Pb %a%bst?er b%lsét)cr)btehcia (tig/o glgreu%teugrl%h-rhi?“ﬁ{ﬁ Viagepsossibly unique chemical
modification) while 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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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

o e B R S .
external region can be limited in thickness, (1-15. microns) to allow for a
e PR AR A LR GA ErPOL b b ORRoNE ns TeH yppvgh 2

. eluti k and ibly bett lytion.. A suitabl f ki
static el IR B DRI BR AL LS FRTRATIG e Hhechitond
terial, h o itable liquid,, addi , bly i
v G TR SR S B e
coated .13 cores with,a h (g({o hobic liquid to.form ar%e ulsion and .
to crgag R RO NS5 XS, AR RRAE 9510, 55 RO fndemovn

. melting point of the agarose, passing it through a static mixer to create

n theaad'&rose droplets and solidifying the agarose droplets in a second bath of
hydrophobic liquid. The beads can then be washed and used or further
processed to crosslink the agarose and/ or add various functionalities onto
the agarose as is known in the aﬁggém%;s Example 1A. Asymmetric
Agarose Bead with Unique Che ents and Uniform Pore size

Example. TAP Kostbt A 8 BeaPRinted RSl AS Soaled Wit

- 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 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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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 90C under constant agitation to obtain

. an emulsion i ich the oil phase is cqntinuo he, emulsion was then
agitat] GO e el et S avep SOl M s e
Kenjcs static mixer (KMR-SAN-12) at a flow, rate of 3L/min intg mineral_qi
and O A i S G B A W AR B VRSP 500
thickness of m and the d population was predominantly v
OfMliTﬁtééY%c?rre %%%&%qrﬁgé(%gwg'semed, 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
Eﬂn@ﬁ%ﬁ% is hereby incorporated by reference. The bead was then modified

b ERSReRE e S5 e 108 bl SApleko s
oS RS SR RIS i S e B3
e
L el o LR
with SRS RIE CSISL A0 AR T o LRSI P RGP, 7.2

e as then

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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with bromoporane sulphonic acid (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 three additional times. The beads were washed with 500 ml

Selec% M!"Te%t\ﬂgter and then stored in 20% ethanol. Example 1 C.
e Fast Flow (6% crossllnked agarose) was coated with a
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condft’i&ﬁe% B e el BT G M T e

5 B e e i 10
m$ a't"iffjéf% ﬁ}aér'}g)é)?%% >§ Qggﬁgg?glg#%% 3?366%18/%?@%%99&%& G3h.66

tion e s. Pulses of a protein ture conta |ng

em dBh gy m'ﬁ%ﬁer Wﬂgﬁﬂéﬂgmﬁm? C?E mgfmuy 9236 @gmﬁl”kt?ﬁ%wnt

mM acetat Cl'to give conductivity 1 S at pH 4.5 were

startn% B '?6 H?Se%?e pu se I%t%% altl‘?e eﬁﬂ"{‘@f éZc %%%h&ﬁ%c%@@dqmtems

ameter). T was then eluted at 200 cm usmg a 20 CV NacCl

d
i il ettt A S A N e
corre &H!eﬂu@%@fxplﬂﬁwﬁe\ﬁ?&pmatmn 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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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

envir ngrékrﬁ%ﬂfg)fﬁ% '(&Hgﬁf M%Qlﬁ‘%@\%ﬂ%é%@so tbrﬂ%%@f@%%éé% %g%‘ﬁld-r&%sity

onger the delay in elution (great e more strong

betwgﬁeﬁls%' sﬁﬁé%%mgi?e%m? NEHR w?égagﬁfégf&%Q§9&§é’a%iq§f%i following

emical 16 environments, mainly the density of sulfopropyliigands. The

ordersi;@&@am@ﬂ@'@ﬁ& @%?MM%@@ tb&.ow*ffépe%@gayﬁﬁl%e@fﬁ&m H8ween

Internal region Is increasing in the Tfollowing order: EXample 1 C < Example

the iRiGENBINACaLAINGHR IS YRS A CIERGR PRIMEEN,HIE NEIdg lgand.ing

density and outsidé ligand density in Example’lC, each having essentially

esseni%ﬁf&ti?@ém&t&ﬁi;@ﬁ Iq(ﬁepfg% B@a’i&t?&%ﬁ"iﬁm %ﬁeé@héﬁp@ejme The

G peak elution occurs first for the bead with the lowest ligand density Iin

TeG PREKCUIRE R YR b HESIORFXRIBIGd G/l AR QPGSR HUCAIVIIO dRE outer

internal bead structure alone (SP-Sepharose control). Interestingly, the

layerlmﬁﬁwﬁﬁ I RpRKFE %%ﬁ%ﬂ%@%éﬂﬁ%%?qmﬁléim%ﬁi%d structure

However, it Is clear that the peak separation Is gfeater for
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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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

0 i e 3 e O R e Ry
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were washed with 1500 ml of Milli-Q water and then st in 20%
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asymmetric a ing to the fo ng method:

singlet-lagrgg ?d§5W%r)‘? Iﬁ?en %ﬁégﬁv@@ Qﬁ?eml\?gﬁ%ﬂa&gﬁﬁog? v&%lll,tigﬁlg%? and then

Agarose from’Hispanagar) to obtain a'slurry. The agarose-beads mixture

water VAR 240EL1LZ00QmL At el AL VP HAAET SNSANLRIRHORIO4s were

obtain an emulsion in which the oll phase is continuous. The emulsion was

then (RERURRTAIERN G Aorh1RREL 3 2 BUER AFTNAIRE)0 1BEAGE:, 100 ml of
(152.4mm) Tong Kenics static mixer (KMR-SAN- 12) at a flow rate of

beads%é?gigd.@ég EB"l‘SbahH Ib?‘t7§§o 6@&4&?@9'%?%58&&, %99% IB?@@% NaOH was

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

addedURSBIDRABHY IRY'ERLE Sberridhtlar TR ECFHR BRI SRHEGYRING M Eho

of water, ethanol and then water. These beads were crosslinked according

ml of R ArE v ALAl TRROYGHT RE:heatls W@é&dt%ﬁlta%%ﬁ%ﬂﬁhaﬂ&ﬁ@nhyer of 6%

trimethylammonium chloride (GTMAC). In a jar, ml of beads were

e TSI TSI U 0 o ISR R
and ﬁ@fﬁ'&%’cﬁd R 'Etf' :l'éé).gﬂ), 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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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 mg.ml), 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\sttbndgragiorbimpositivahdehsigedhevitl oTine oy had: dINbedind 15%
~ methylene blue. However, upon exposure of the bead to a mixture of
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static mixer (KMR-SAN-12) at a flow rate of 3L/min into a second bath o
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with a largest particle diameter of

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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200um. The beads were settled, washed with of water, ethanol and then
water and sieved to yield a bead size range of 75-125 m. The beads were
then crosslinked according to 10 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 45C. The beads were washed
with 3 x 500 15 ml of Milli-Q quality water. Example 3B. Asymmetric
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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 heads,

47 TR GnERamBg o509 feats WHR 25047646t AReordng to the

meta-bisulfite were added and agitated overnjght at roqm.te .
S S s A e AL AT O B S

o R BTSSR TS B s i
was R At R TSR ek s oSS SRR, S o
e s agth
0.5 ler® 9ilah M Gpsies soaRent RN IBLRIGIR @Ratic 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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emulsion in which the oil phase is continuous. The emulsion was then
pumped through a 10 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

and al¥REIYCERRSR Of 204 afd HAERSAGPRRUBHAN MBS PIEAFNARNTY quality

single-cored.{ >50%). The beads were settled, washed with of water,
waterSha Rl AhgHagR Mwetekipdsieved to yield a bead size range of 75-125 m.
The beads were crosslinked 15 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
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Unique Chemical Environments and Two Distinct Pore Size Regions
Addition of Cation Exchange Ligands to External Structure A portion of the

beag HRm JEXRIHRIRIS FroMe IS gl dnediiiad with er%ﬁfﬁ&ﬁogro ane
sulfonie acid (BPSA). In ajar, 10 g beads, 30 ml of 5M NaOH, 7.2 g BPSA
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with 500 ml of Milli-Q quality water and then stored in 20% ethanol.

and af FhihENBIINICrAYBEQSS VRGaH SRR ARIAHS00 REBICRiNi-Q quality

nvironments and Two Distinct Pore Size Regions : Addition of Cation

waterraENRRIPEIY G Faad hlreairaan el e Beafsiedvashed

Example 3C were then modified with bromopropane sulfonic acid (BPSA).

with H0@ial oFR/E1RaamtSCai AeatdVaH 269 &BRSIA were added and
agitated overnight at 50C. The beads were washed with 500 ml of Milli-Q

quality

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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water and the BPSA process was repeated one additional time. The beads
were washed with 500 nil of Milli-Q water and then stored in 20% ethanol.
Example 3F. Asymmetric Agarose Bead with Unique Chemical
Environments and Two Distinct Pore Size Regions : Addition of Cation

mg/niPXEEHYER KIBRES 1R SOEMaLSHICbWIE WA NRIT Pidsveeada fEaWity 10 mS

Example 3C were then modified with bromopropane sulfonic acid (BPSA).

at pHMAalerlgRAG SLMELhPIY NARIH, o 208 BRyH iess addeskiaid 0.66 cm
agitated overnight at 50C. The beads were washed with 500 ml of Milli-Q

diam&tedlibncwatar and Abe BHsnh M@&&ﬁ%ﬂ’ﬁ%@%@é&@éﬂv@oﬁﬂ%}iﬁﬂﬂ tiMeProtein
The beads were washed with 500 ml of Milli-Q water and then stored in

mixtd@%rRthracdiuralestdity chesinginbwosproteing of sifierentnetifRata® a9 and

molecular weight were used to test the nature of the selectivity or

endingeRagetian facker pratefotyRich! Hatian wehabaRde B dBaneftNent) volumes

mixture of a protein containing 0.5 mg/ml polyclonal IgG (Sigma) and 0.5

(CV)Zomahdktysopime ot atd0iot (abh@celaitebviiesombatbBC R for the

conductivity 10 mS at pH 4.5 were applied to each sample column at 200
peak SEpHEH 6 aRRBARNRIBTTAB166.c  diameter) such that the net protein
loaded on the media was 10 mg/mL. The protein mixture was then eluted
at 200 cm/hr using a 30 CV NaC1 gradient starting at 10 mS and ending
at 80 mS. The peak for each protein was recorded in terms of column
volumes (CV) from the start of fhgBILign gradient (dead volume was
corrected). The data for the peak separation are shown in Table 2: TABLE

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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SAMPLE IgG PEAK (CV) LYSOZYME PEAK PEAK SEPARATION (CV)
(CV) Example 3D 19.7 25.7 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
separt@achthBIalay protditigr ey eatar il the thoRysHPBE PREAGRucture with
species is to the media. The media were designed to have differing
unique@iBiERhPAEH phiesical RpYdIMents, 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 22 separation of the

two protein peaks FEAMRRIPSha dsyese@iriainad structure with unique
chemical and pore size regions. EXAMPLE 5 - Agarose cored bead 75m1

of 253fb 67054 iktisest ingasP s paherdseadsl oD Ut e agesdidmelaet Mee: using
using process patent to be file on same day) was mixed with 100ml of 4%

proces§ pease: $6!bHOAle(Ibispanagry P Matomiainvatsluoyml ke agamsedseadlution
mixture was added to 2000ml of mineral oil at 80C under constant

(HispagiigdioD 3y tobsatainn eMaktpiomis whikiidliril phase: was0adiudows2000n] of
emulsion was then pumped through a 0.5" diameter, 6" long Ross
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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ISG static mixer at a flow rate of 3L/min into mineral oil at 5C. The resulting
asymmetric beads had an estimated external region thickness of 10um and
the bead population was predominantly single-cored.(> 60 %) 23 CLAIMS
What is claimed is: An asymmetric chromatography particle comprising
agarose, wherein the particle compgrgaggR infernal region having a first
pore size which is sized to effectively, 5 adsorb hiomolecales, and an
wexietnal Jegignhaving a second pore size said first pore sozc is smaller
than said second pore size, wherein the concentration of agarose in the

interngl region s, areater damihe.s AR ALAGRARE 19NR X CIRBkin the

region, whereiri said internal region has greater mechanical properl.ies

pH?ﬁ‘Elé%in%I?@ahrﬁ%%%NmﬁW §ﬂ%ﬂ'ﬁ&[@§ﬂz@%@}h%%%ﬁ & effectively

more characteristics which is different from the one or 10 more

a&%@ﬁﬁﬂ%ﬁ%@szQﬁ@é@é%ﬁg@giowlﬂgm q‘?e@&ﬁiﬁo%%%e said first pore soze

characteristics is selected from the group consisting of ligand density;

1419200y RE N 9ANd X IE RN, NG Hid maialiah Qi@ BATUE R R in the internal

wherein said second region is an external region of said patrticle. 2, '1'hie

r&IYANOGHGCPTAMAIRGTaRRLRAUTIGIE O Slalgkd iWVRGI eikesRld RBIBRISIRGein said

i5 bead. 33. The asymmetric chromatography particle of claim 2, wherein

1ﬁ@fﬁdﬂ¥@%’f@x& regigRisf s LfisaichReadid: MRORNALORAEABAIRS and wherein
heads wherein said beads comprise an internal region
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 of said particle, and wherein said second region is an external region of
said particle.

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

pore size, and the percent of agarose concentration in said external region.
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having a first pore size which is sized to effectively adsorb bioinolecules,
at., external 20 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 pore size, and the Percent
of agarose concentration in said external region. 24 5. A chromatography
particle 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

concenUAlQR ARcLARBX RISl eaiaRi Ry A0iR SREORFIDOIGZELa BRI OPsre

ore more second 5 characteristics selected from the group consisting of
siigand densityndigaiaitypealigaistcsbitural fedithenatanat@ndiercdritohd
agarose concentration, wherein said first pore size is smaller than said
deetiyntigondeypizédi el saikt s tohiis avtisristie(d)nefarnd Mitegiaseeghsanigtion
different from that of said second characteristic(s) of the external region,
apth VTSR tHRRKSh B A& Gn BPAhroB& i THE iMtEndNFegibnToyrestond
than the concentration of 10 agarose. in the external region. 6. The paticl
TR ST O A SN Do AL L e R e o
e parigle ofglal SIbiGfisst and seeend sharashgtics ligend
nﬁ%ér.g ’1lgeél. aet%%%c%\ggﬁ cci%alglrr}r)] 5%\?vherein the first and second ” ;l ¢

ichasacteristicis JIgand pmixtie R Fhe martisle.efelainispvhes aifine fifgbn
and second characteristic is media

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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material. 10. The particle of claim 5 wherein the first and. second
characteristic is 20 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. 25 12. The particle of claim 5 -wherein the
inturnal 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. 5 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 Thiemattid godulpicoAsistingnohligetachd easivy, iidandety pé | itjaaghrose
mixture and media 10 material. 15. The particle of claim 1, wherein the

apd e pitatichrofiay s deanrd thietitesamise apidhcisnissnpl fagigRds the innermost
concentration of agargse in the external region is 6%, 26

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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