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(57) Abstract: Chromatography devices contain chromato-
graphy media and methods of making and methods of us-
ing chromatography devices. Chromatography devices en-
able a more efficient, productive and/or environmentally
friendly chromatographic operation due to one or more of
the following advantages over conventional chromato-
graphic operations: elimination of a device packing step by
the user; elimination of clean-in-place (CIP) steps; elimina-
tion of clean-in-place (CIP) steps utilizing sodium hydrox-
ide solution; elimination of any validation steps by the
user; and use of a chromatography device comprising bio-
degradable material. The chromatography media includes
porous inorganic particles having a functionalized surface
and having a median pore size of at least about 300 Ang-
stroms (A), or at least about 300 A up to about 3000 A.
The inorganic particles may have a BET surface area of at
least about 20 m2/g, or at least about 25 m2/g, or about 30
m?2/g, up to about 2000 m2/g.
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CHROMATOGRAPHY MEDIA AND DEVICES

FIELD OF THE INVENTION
ool The present invention is directsd to chromalography media and

chromatography devices containing chromatography media, methods of making

chromatography devices, and methods of using chromatography devices.

BACKGROUND OF THE INVENTION

0o Thers is a need in the ar {© increase productivity and process

efficiency in chromatographic operations.

SUMMBARY OF THE INVENTION

10003] The presert invention addresses some of the difficulties and problems

discussed above by the introduction of chromatography media and chromatography
devices containing such chromatography media. The disclossd chromalography
devices enable a more efficient, productive andfor environmentally  friendly
chromatographic operation due to one or more of the following advantagss over
conventional chromatographic operations. slimination of a device packing step by
the user eiimination of clean-in-place (CIP) steps; slimination of clean-in-place (CIF)
steps utifizing sodium hydroxide solution; slimination of any validation steps by the
user; and use of a chromatography device comprising biodegradable material.

{0004} in one exemplary embodiment, the chromatography media of the
present invention includes porous inorganic pariicles having a funclionalized surface
and having 2 median pore size of af least about 300 Angstroms (A}, or at least about
300 A up to about 3000 A The porous inorganic particles may have a median pore
size of at least about 400 A {or at least about 500 A or at least shout 8O0 A; or at
lcast about 700 A; or at least about 880 A; or greater than about 1000 A} In another
exemplary embodiment, the inorganic particles may have a BET swiace area of at
iwast about 20 m¥g, or at least about 25 m¥g, or about 30 mYg, up to about 2000
mg. The inorganic particles may have a BET surface area of al least about 20
m¥g, or at least about 28 m¥g, at least about 30 m¥g, or at least about 38 m¥g.
The inorganic particles may have a pore size distribution relative span of at least

about 0.8, st least about 0.8, at least about 1.0, or at lsast about 1.1, The inorganic
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particies may have a pore size distribulion relative span of at least about 0.8, at least
abowt 0.9, at least about 1.0, or al least about 1.1, up fo about 2.0 In another
embodiment, the pariicles may have s funclionalized surface comprising 2t least one
molecule having a molecular weight of af least about 300 g/mol, or at lsast about 400
gimol, or at least sbout 500 g/mol, up o about 500,000 g/imol.  In ancther
embediment, the parlicles may comprise sifica having a purity of at least about 93%
by weight Si0;, or at least about 83% by weight Si0y, al least about 84% by weight
Sis, at least about 95% by weight SI0;, at least about 88% by waight Si0;, at least
about 87% by weight 8i0; or at least about 98% by weight SiC; up to 100% by
weight 510, based upon the total weight of the particle.

[0005) The present invention is aiso direcled to methods of making
chromatography media or support. in one embodiment of the present invention, the
media is designed o increase throughput by the use of incompressible inorganic
resins for not just affinily chromatography but also for lon exchangs, hydrophobic
interaction, sic. In one exemplary msthod, the method of making & chromatography
media comprises trealing porcus inorganic particles to form a funclionalized swface
therson, wherein the porous inorganic particles have a median pore size of &l isast
about 300 Angstroms (A), or at lsast about 300 A up o about 3000 A. The porous
inorganic particles may have a median pore size of at least about 400 A {or af least
about 500 A; or af least about 800 A; or at least about 700 A, or at lzast about 800 A
or grester than about 1000 A), up fo about 8000 A in ancther exemplary
embodiment, the inorganic particles may have a BET surface area of at least about
20 m¥g, or at least about 25 mfg, or abowt 30 m'lg, up to asbout 2000 mYg. The
inorganic particles may have a BET surface ares of at least about 20 m¥g, or at
isast about 25 m¥fg, at least about 30 m'ig, or at least about 35 m¥g, up to about
150 m¥g. The inorganic particles may have a pore size distribution relative span of
at least about 0.8, at least about 0.8, at least about 1.0, or at least about 1.1, The
inorganic particles may have a pore size distribution relative span of at least about
1.8, at least about 0.8, at least about 1.0, or at least abowt 1.1, up o about 2.8 In
ancther embodiment, the particles may have a functionalized surface comprising at
least one moleculs having a molecular weight of at least about 300 gimal, or &t least
about 400 g/mol, or at least about 500 g/mol, up o about 500,000 g/mol. In another
smbodiment, the particles may comprise siica having a purity of at least about 93%
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by weight SiQy, or at lsast about 83% by weight Si0,, s least about 84% by weight
S0, at least about 85% by weight S0y, al least about B8% by weight 5i0;, at least
about 87% by weight SIO;, or at least aboul 38% by weight SiC; up to 100% by
waight Si0; hasaed upon the total weight of the panticls.

10008] in ancther exemplary ambodiment, the chromatography devices of the
present invention comprise & housing, and porous inorganic particles positioned
within the housing, the porous Incrgenic particles having a funclionalized surface and
having a median pore size of ot least about 300 Angstroms {A), or at least about 300
A up to about 8000 A, The porous inorganic particles may have a median pore size
of at least about 400 A (or at least about 500 A or af least abouwt 800 A; or at least
about 700 A or at least about 1000 A, or at least about 2000 A, or at least about
3000 A, or at least about 4000 A), up to about 8000 A In anciher exemplary
smbodimant, the inorganic particles may have s BET surface area of at least about
20 m'fg, or at lsast about 25 m¥g, or about 30 Mg, up to about 2000 mYg. The
inorganic particles may have a BET swiace area of at lsast abouwt 20 mlg, or at
ieast about 25 m%g, at least about 30 m¥%g, or at least about 35 m¥g, up to about
150 m?‘lg. The inorganic particles may have a pore size distribution relative span of
at least sbout (.8, st isast about 0.8, al lsast about 1.0, or at least about 1.1, The
inorganic particles may have 3 pore size distribution relative span of at least about
0.8, at least ahout 0.2, at lsast about 1.0, or & least about 1.1, up to about 2.8 In
another embodiment, the particles may have a functionalized surface comprising at
least one molecule having & molecular waight of at least about 300 gémol, or at lsast
about 400 g/mol, or at least about 300 g/mol, up to about 500,000 g/mol. In ancther
embodiment, the particles may comprise silica having a purity of at lsast about 83%
by weight Si0y, or at lzast ahout 33% by weight Si0,, at least about 24% by weight
Si0;, at least about 85% by weight SiOp, at least about 88% by weight 5i0., at least
ahout 87% by weight Bi0;, or at lsast aboul 88% by weight SiC; up to 100% by
waight 5i0; based upon the tolal weight of the particls. The column housing may be
formed from a polymeric material, a melal malerial, & glass malerial, a ceramic
material, or a composile thereof, and desirably, is formed from a biodegradable
polymeric material,

{00071 The presert invention is alse directed {0 metheds of making

chromatography devices.  In one sxemplary method, the method of making 8
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chromatography device comprises incorporating porous inorganic particles inlo a
housing, whersin the porous inorganic particles have a functionalized surface and a
median pore size of at least about 300 Angstroms (4), or af least about 300 A up to
about 8000 A, The porous inorganic particles may have a median pore size of at
ioast about 400 A (or at isast about 500 A; or at least about 800 A&, or al least about
700 A: or at least BOD A or greater than about 1000 A, or at least about 2000 A, or at
izast about 3000 A, or at least about 4000 A, up to about 8000 A In ancther
exemplary embodiment, the inorganic parlicles may have a BEYT surface area of gt
least about 20 m¥y, or at least about 28 m%y. or abeut 30 m¥yg, up to about 2000
mg. The inorganic particles may have a BET swiace area of at least about 20
m°fg, or at least about 25 g, at least about 30 /g, of at least about 35 mg, wp
to about 150 m%g. The inorganic particles may have a pors size distribution relative
span of at least about 0.8, at least about 0.8, &t least abowt 1.0, or at lzast about 1.1
The inorganic particles may have a pore sizg distribution relative span of & lsast
about 0.8, &l least about 0.8, at least about 1.0, or at least sbout 1.1, up o about 2.0,
in another smbodiment, the pariicles may have a functionalized surface comprising
at least one molecules having a molecular weight of at least about 300 g/mol, or at
least about 400 g/mol, or at Ieast about 500 g/mol, up to about 500,000 g/mol. In
another embodiment, the particles may comprise silica having a purity of & least
about 83% by weight Si0;, or at least about 83% by weight §i(0;, at least about 84%
by weight Si0y, at ioast about 895% by weight Si0;, at least about 88% by weight
Si0;, at least about 97% by weight Si0;, or at least about 98% by weight SiG: up to
100% by weight Si0; based upon the total weight of the particle. In some methods
of making & chromatography column, the method comprises incorporating porous
inorganic particles into a column housing formed from & polymeric material, 3 metal
material, 2 glass material, a ceramic material, or a composite thereof, desirably, a
biodegradable polymeric material.

{0008} The present invention is further dirscled to methods of using
chwomatography devices.  In one exemplary method of using chromatography
devices, the method comprises positioning the chromsatography device within an
oparating position of a chromatography system; and processing a fluid through the

chromatography device. In soms embaodiments, the method comprises processing a
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fluid containing one or more biomolecules through the chromalography davice when
in an opsrating position of & chromatography system.  For example, the fuld may
cOmpiise a protein, a peplide, an oligonucisctide, or any combination thersof.

H0608] These and other features and advantages of the present invention will
become apparent afier a review of the following detailed description of the disclosed

embodimants and the appended claims.

BRIEF BESCRIPTION OF THE FIGURES

[a010] The presert invention is further described with refersnce o the

appendad figures, whersin

{00113 FiGs. 1 depicts a view of an exemplary chromatography device of the
present invention;

[0012] Fiz. 2 depicts a view of an sxemplary chromsatography sysiem
comprising the chromatography column shown in FIG. 1,

{0013 FiG. 3 depicts a graph of pore size distribution of an sxemplary
embodiment of the chromatography media of the present invention;

1004 FiGs. 4 depicts a reaction scheme of an exemplary smbodiment of the
gchromatography media of the present invention,

[0015] FiG. § depicts & reaction scheme of an exemplary embodiment of the
chromatcgraphy media of the pressnt invention,

03148] Fiz. 8 depicts a reaction scheme of an exemplary embodiment of the
chromatography media of the present invention;

00173 Fis. 7 depicts a reaction scheme of an exemplary embodiment of the
chromatography media of the present invention;

[0018] FiG. 8 depicts a reaction scheme of an exemplary embodiment of the
chromatography medis of the present invention;

06191 FiG. 8 depicts a reaction scheme for the preparation of an exempliary
smbodiment of the chromatography media of the present invention,

[0020] FIG. 16 depicts & reaction scheme for the preparation of an exemplary
embodiment of the chromatography media of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

{00211 To promote an understanding of the principles of the present

invention, descriptions of specific smbodiments of the invention follow and specific
language s used fo describe the specific embodiments. | will nevertheless be
understood that no limitation of the scope of the invention is intended by the use of
specific languags. Alterations, further modifications, and such further applications of
the principles of the present invention discussed are comtemplated as would normally
aoeur fo ong ordinarily skilled in the ari 1o which the invention pertains.

{00223 it must be noted that as used herein and in the appended claims, the
singular forms "g", “and”, and "the" include plural referents uniess the contexd clearly
dictates otherwise. Thus, for example, reference fo "an oxide” includes a plurality of
such ovides and reference to "oxide” includes refersnce 1o one or more oxides and
sguivalents thersof known (o thoses skilled in the art, and so forth.

{0023] *Abhout" modifying, for sxample, the guantity of an ingredient in a
composition, concenirations, volumes, procsss lemperatures, process  fimaes,
recoveries or yvields, flow rates, and like values, and ranges thereof, employed in
describing the embodiments of the disclosure, refers to varation in the numerical
guantity that may occur, for example, through iypical measuring and handiing
procedures,; through inadverient error in these procedures; through differences in the
ingredients used o cany out the methods, and fike proximate considerations. The
term “aboul” also encompasses amounts that differ dus fo aging of & formulation
with a particular initial concentration or mixture, and amounts that differ dus {0 mixing
or processing @ formulation with a paricular initial concentration or mixture, Whether
modified by the term "aboul” the claims appended herelo include equivalents o
these quantities,

00241 As used hersin, the term “biomolecuis” means any molecule that is
produced by a living organism, including large molecules such 28 profsins,
polysaccharides, lipids, and nucieic acids, and small molecules such & primary
metaboiites, secondary metaboliies, and natural  products, Examples of
biomolecules include cells and cell debwis; antibodies, proteins and paplides; nucteic
acids, such as DNA and RRNA&; endotoxing, viruses; vaccines and the like, Other
examples of biomolecules include those reclied in WO 2002/074781 and US
5,451,880,
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[00e5] As used herein, ‘inorganic oxides™ is defined as binary oxygen
sompounds where the inorganic componsent is the cation and the oxide is the anion.
The inorganic material includes metlals may also include msialicids. Mestals include
those slements on the leff of the diagonal line drawn from boron o polonium on the
periodic table. Metalloids or semi-mstals include those elements that are on the right
of this line. Examples of inorganic oxides include silica, alumina, titania, zirconia,
gtc., and mixiures thersof,

{0028} As used herein, “porous inorganic particles” includes particles
comprised of inorganic materials, or combinations of inorganic materials {e.9.,
metals, semibmetals, and thelr alloys; ceramics, including inorganic oxides; efc) and
organic materials {8.g., organic polymers), such as composite malerials, which are
heterogeneous or homogeneous in naturs. For sxample, hetsrogensous composila
matsrials include mere mixtures of materials, layered materials, core-shell, and the
ke, Exsmples of homogeneous compoesite materials include alioys, organic-
inorganic polymer hybrid materials, and the like. The parlicles may be a varisty of
different symmaetrical, asymmetrical or irreguiar shapes, induding chain, rod or lath
shape. The particiles may have different structures including amorphous o
crysialline, ste. The particles may includs mixiures of particles comprising different
campositions, sizes, shapes or physical structures, or that may be the same sxcspl
for different surface trealments. Porosity of the particles may be infraparticle or
interparticle In cases where smaller particles are sgglomerated to form larger
particles. In one sxemplary embodiment the parlicles are composed of inorganic
materials such as inorganic oxides, sulfides, hydroxides, carbonates, silicates,
phosphates, eic, but are preferably inorganic oxides. which may be formed via any
known process including, bul not limited o, solution polymerization such as for
forming colicidal parlicles, continuous flame hyvdrolysis such as for forming fusad
particles, gelation such as for forming gslled particles, precipitation, spraying.
templating, sol-gel, and the like.

{00271 As used herein, the term “cordered porous material” refers to porous
particles thal have struclural order with 2 very narrow pore size disiribution such that
the pore size distribution has a relative span, as defined hersin, of less than 0.5
{0028] As used herein, the term "non-ordered porcus material” refers o

porcus particles possessing a pore size distribution that is not uniform {lLe., & very
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hroad pore size distribution that is multimodal in naturs) such that the pore size
distribution has a relative span, as defined herein, of grester than 0.5

(0028 As used herein, the ferm “funchionslized surface” means inorganic
particles that have besan swiace modifisd by reaction with functional compound o
aiter the wettability or selectivity of at least a portion of the particle surface, including
the surface area on the external portion of the particles, and/or on the surface area
af the internal porss.  The functionalized surface may be used to form a bonded
pitase {covalently or ionically), a costed surface {s.g., reverse phase C18 bonded), a
clad surface {e.g., carbon clad as in EPS), a polymerized surface (e.g., lon
exchange), an inherent swiace {e.g., inorganic/organic hybrid malerial), or the ke
For example, reacling inorganic particles with ocladeoyitrichiorosiiane forms &
“reverse phase” by covalently bonding the silane to the inorganic surface {e.g., C4,
G8, €18, elc).  In ancther example, reaction of the inorganic particles with
aminopropyiirimethoxy silane followed by guaternization of the aming group forms an
"anion exchange phase’. In g third example, a bonded phase may be formed by
reaction of the inorganic particles with aminopropyitrimethoxysiiane followed by
formation of an amide with an acid chiorde. OGther bonded phases include diol,
cyano, cation, affinily, chiral, amino, C18, hydrophilic iferaction {HILIC),
hydrophobic interaction (HIC), mixed mode, size sxolusion, stc. As part of the
bonded phase or functionalized surface, a3 ligand may be used to show specific
interaction with the targst moleculs or biomolecule {8.q., ligale), such as those set
forth in 1.8, 4,885,808,

{00303 As used herain, the term "molecular weight' is defined as meaning the
molar mass of a single moleculs of & particudar compound or polymer,

{00313 As used hersin, the term “chromalography” means the procsss of
passing a2 mixture dissolved in a mobile phase through a sigtionary phase (e,
chromatography media) housed in a column or carlridge or other container, which
separates a tergst molecule from other molecules i the mixture and allows it {0 be
isolated. Depending upon the type of chromatography used, the terget moleculs
may be adsorbed onte the stationary phase while the undesired components are
passed through the device, or vice versa.  The term Sliguid chromatography” is &
form of chromatography whers a liguid is used as the mobile phase and a solid or a

iquid on @ solid support as the sialionary phase. The ferm "flash chromatography”
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means liquid chromatography that is conducted under a positive pressure {e.g., up to
300 psi). The term “high performance liquid chromatography” (HPLG) means lguid
chromatography that is conducted under a high positive pressure {2.g., up {o about
5000 psi). The term "preparatory chromatography” msans HPLO for the isolation
and purification of a target compound or molecule. The term “fast protein liguid
chromatography” (FPLCY s a form of HPLC useful for the separation of
biomolscules.

[0032) As used hersin, the term “impurities” means materials present in the
inorganic particles, other than the inorganic.

{0033] As usad herein, the lerm “reguiar” as # apples o the horganic
particles means that the particle shape from one particle to the next is not uniform
{i.e., random particle shape) with an aspect ratio of greater than 1.0,

{0034] As used herein, the ferm “housing” msans vessel or container for
holding a sistionary phase for use in chromalography, and includes carlridges,
columng, ubes, devices, beds, bags, and the ks,

[0038] As used herein, the term “stationary phase” or “chromatography media®
or “‘chyomatography support” means a material that includes a funclionslized surface
{e.g., lgands altached to the surface of the inorganic particles via soms funclional
group) that shows different affinities for different components in & sample mixiwre,
which is used in chromatography o separate a farget molecule {e.q., lgales) from a
mixture of one or more other moleculss. Sigtionary phases include organic and
norganic materials, or hybrids thereof, and may be in the form of particles,
monaliths, membranes, coatings, and the like.

[0038] As used hersin, the term “pore size distribution” means the relstive
abundance of each pore size in a represeniative volume of porous inorganic
particles. As used hersin "median pore size” is the pore diameier of which 50% of
the intraparticle pore volume resides. Sse FIG. 3

0037 As used hersin, the term “relative span” is defined as meaning 3
measure of the breadth of pore size distibution. The “"span’ is measured by
sublracting the dy pore size (e, the pore sizeldiamelsr below which 10% of the
pors volume resides) from the de pore size (.e., the pore size/diametsr balow which
8% by pore volume resides) as measured by mercury porosimeiry.  The term

“relative span” is defined as the ratio of {dye-dig)/dss and is depicted in FIG. 3.



{0038] The present invention is directed to chromatography columns,  The
present invention is further direciad to methods of making chromatography oolumns,
as wsll as methods of using chromatography columns, A description of exemplary
chromatography  columns, methods of making chromatography  columns, and
methods of using chromatography colurnns is provided below,

{0034} FIG. 1 provides a view of an sxemplary chromatography column 180 of
the present invention. As shown in FIG. 1, exemplary chromatography column 100
comprises a column housing 188, and media bed space 181 positioned within
solumn housing 180 Desirgbly, medis 151 comprises porous inorganic particles
having a median pore size of at lzast 10 Angstroms {&). As further shown in FIG. 1,
column housing 158 lypically comprises a lubular housing member 188, a first
tubular housing member end cap 182, 2 second tubular housing member end cap
183 opposile end cap 1582, & column inlet 184, and a column oullet 188 The
column 188 may be packed with porous inorganic particles in the form of & slurry
through colurnn inlet 184, the column inlst comprising a central bore 187 having &
passageway therein, and nozzle 1588, A wide range of nozzles may be used which
facilitate the distribution and even packing of slurry within the bed space. Fillers 158
are each positionsd on the interior face of the end caps 152, 153 and act with the
twbular member 188 to define the bed space 181 and also to prevent leakags of
particulate medium from the bed space 151, A distribution channgl 180 is located
transversely across the face of the first end ¢ap 1582 and/or second end cap 183, and
is in fluld communication with filler 188, The fuid distribution channs! 188 acts v
facilitate radial distribution of the liguid.  In a simple form, the distnbution channel
188 comprises at isast one clrcumfgrential andfor radial groove in the face of the first
andfor second end caps 182 and 153, The groove is positioned such that # effects
the circumferential and/or radial distribution of liquid emanating from nozzle 188 of
inlet 184. it will be undersiood that 2 wide range of column capacities s possible,
typically ranging from §.1 to 2000 ters, and 0.1 o 100 lters when using the colunin
as a disposable column.  Ses also US 2008/0017579.

{00401 Column housing 188 may be formed from a varely of matenals.
Typically, column housing 188 comprizses a polymeric materdal, 8 metal material, a

glass material, a ceramic material, or a composite thereof, and desirably, comprises
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& polymerio material.  Suitable polymeric materials for forming column housing 180
include, but are not limited to any synthetic or semi-synthstic organic solids, such as
plastic, that are moldable, including polyolefins.

{0041} Column housing 188 may be formed using conventional thermoforming
technigues.  For example, tubuler housing member 158, first twbular housing
member end cap 182, and second tubular housing member end cap 183 of column
housing 1808 may each independently be formed via a2 molding step.  In some
embodiments, ubular housing member 186 and one of () first tubular housing
member end cap 182 and (i1} second tubular housing member end cap 183 of
colurmnm housing 180 are formed via 2 single molding step (Le., oneof the end caps is
integrally formed on one end of tubular housing member 1886).

f00423 As discussed above, madia 181 positionsd within column housing 180
sy comprise porous inorganic particles having a median pore size of al least about
300 & in another embodiment, the porous inorganic particles have 8 median pore
size of at least about 300 A {or at least about 350 A&; or at least about 400 A; or at
lmast about 450 A; or at least about 500 A, or at least about 800 A; or at least about
700 A; or at lsast about 500 A; or greater than about 1000 A, or at least about 2000
A, or at least about 3000 A or at least about 4000 A) up to about BO0C A In some
embodiments, the porous inorganic particlas have a median pore size of from about
500 A to about 8000 A,

10043} in other embodiments, the porous inorganic particles typically have a
paticle size, a8 measursd by 3 median particle dimension, ranging from about 1
micron {(um) fo about 150 um. The porous inorganic parlicles iypically have a
median particie dimension of about 1 pm, more typically, less than about 120 um. In
sorme embodiments, the porous inorganic particles have a median partlicle dimension
of from about 10 to about 120 um, more desirably, from about 20 {0 about B0 um,
{0044} in a further embodiment, the porous inorganic particles typically have
an irregular shape, but may have any shape (e.g., spherical, sliptical etc)
Regardliess of shaps, the porous inorganic paricles typically have a median particle
dimension as discussed herain

0045 in additional embodiments, the porous inorganic particles typically have
an aspect ratio of at least about 1.0 as measuwred, for exampls, using Transmission

Electron Microscopy {TEM) technigues. As ussd hersin, the term "aspect ratio” is
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used io describe the ratio between (i} the median particle dimension of the porous
inorganic particles and (i) the median cross-ssctional particle dimension of the
porous inorganic particles, wherein the cross-sectional particle dimension is
substantially perpendicular to the largest particle dimension of the porous inorganic
parficles.  In some embodiments of the present invention, the porous inorganic
particles have an aspect ratio of st least about 1.1 {or ot least about 1.2, or 8t least
about 1.3, or at least abouwl 1.4) up to abowt 5.5, Typically, the porous inorganic
particies have an aspect ratio of from about 1.0 fo about 1.5

10048] in some embodiments, the porous inorganic particles typically have a
pore volume as measured by nitrogen porosimetry of st least about 0.5 cofg. Inone
sxemplary embodiment of the present inveniion, the porous Inorganic particles have
a pore volume as measured by nitrogen porosimedry of from about 1.0 ccfg o about
3.0 oofg. In another exemplary embodiment of the present invention, the porous
inorganic particies have a pore volume as measwred by nitrogen porosimelry of from
about 1.0 cofg to about 2.0 cofg.

100473 in another embodiment, the porous inorganic particles alse have &
surface area as measurad by the BET nitrogen adsorption method (e, the Brunausr
Emmet Teller method) of at least about 20 m®/g. or ot least about 25 m¥g, or at least
about 30 mg‘ig. in ong sxemplary emboediment of the present invention, the porous
inorganic oxide particles have a BET surface area of from about 20 m%g to about
3000 m¥g, or from 25 mPfg to about 2000 mig or from about 30 m¥g to about 1000
m¥g. In a further exemplary embodiment of the present invention, the porous
ingrganic oxide particles have a BET surface area of from sbout 20 mg to about
1000 m¥g, or from about 25 mg to about 1000 m¥fg, or from about 30 m¥/g to about
1000 ma.

048] in another embodiment, the parlicles may have g functionalized
surface comprising at least one molecule having a molecular weight of at least about
300 gimol, or at isast about 400 g/mol, or at isast aboul 500 g/mol, up to about
500,000 g/mol. In ancther embodiment, the particles may comprise silica having a
purity of at least about 23% by weight Si0;, or af least sbowt 33% by weight Sil,, &t
least about 94% by weight Si0Oy, at least about 95% by weight S0, a2t least about
86% by weight Si0, at least about 7% by weight Si;, or at least about 88% by
weight Si0: up to 100% by weight Si0: based upon the tolal weight of the particle.
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{00491 in further embodiments, the porous inorganic particles typically have a
relative span with regard (o pore size distribution of at least abowt 0.8, or & least
about 0.9, or at least about 1.0, or at ieast about 1.1, or at least abowt 1.2, or at least
gbout 1.3, or ot least about 1.4, or &l least about 1.5 In other embodimants, the
porous inorganic paricles typically have a relalive span with regard (o pore size
distribution of at least sbout 0.8, or at least abowl 0.9, or &t least about 1.0, or at
least about 1.1, or at least sbout 1.2, or at loast about 1.3, or at isast about 1.4, or at
teast about 1.5, sl up fo about 2.0. See FE3. 3 where g pore size distribution of an
sxemplary pariicles is presentad.

{0050 in some sxemplary embodiments, the porous inorganic particles of the
present invention are prepared from a vanety of porous inorganic materials.  In
further embodiments, the porous inorganic particles include porous precipilated
inorganic oxides, inorganic oxide gels and fumed oxides,

{0051} in embodimenis comprising gels, the parent parlicles are derived from
porous inorganic oxide gels such as, but not limiled {o, gels comprising SiQy. The
gels can be hydrogels, aerogels, or xerogels. A hydrogel is also known as an
aguage! which is formed in waler and as 8 resull s pores are fillad with water. A
xerogel is a hydroge! with the water removed. An asrogel is a type of xeroge! from
which the liguid has baen removed in such 2 way a8 o minimize any collapse or
changs in the gel's structure as the water is remuoved,

10052] Gels are well known in the art. Sse ller's "The Chemisiry of Sillca”, p.
482 {1878). Gel, eg. silica gel, particles are distinguishable from colioidal silica or
precipitated silica particles. For exampls, colloidal silica is prepared as a slury of
dense, non-porous sitica particles, Collcidal silica particles typically are smalier than
200nm (8.2 micron).  As mentionsd earlier, these partiddes do nol have inlermal
porosity.  On the cother hand, typical dispersed precipitated particles have soms
internal porosity.  In some cases, the intemnal porosity in tvpically precipitated
particles, however, largely coliapse under capillary pressure created by receding
meniscl of water as the water evaporates during drying. The condilions for making
colloidal silica and precipitated silica are well known,

fO0R3] Gels, on the othey hand, are preparad under conditions which promole
coslescence of primary parlicles (lypically having median particles sizes of about 1

to about 10 nm, a5 measured under ransmission slectron microscopy, e, TEM) to
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form a relatively rigid three dimensional network. The coslescence of gel is axhibited
on a macroscale when a dispersion of inorganic oxide, 8.g., silica, hardens (o a "gel”
or "gelled” mass having structural integrity.

[O0547 hMethods of preparing inorganic oxide gels are well known in the art
For example, a silica gel is prepared by mixing an agqusous sclution of an alkali metal
sificate {e.g.. sodium silicate) with g strong acid such as nitric or sulfuric acid, the
mixing being done undsr suitable conditions of agitation to form a clear silica sol
which sets info a hydrogel, Le., macrogel, in less than about ane-half hour. The
rasulting gel is then washed. The conceniration of inorganic oxide, L.e., Si;, formed
inn the hydrogel 15 usually in the range of about 10 and about 50, preferably betwesn
about 20 and about 38, and most preferably between about 30 and about 35 weight
percent, with the pM of that gel being from abowt 1 to about 8, preferably 1 to about
4. A wide range of mixing temperaiures can be employed, this range being typically
from about 20 to about 30°C.

[0055] The newly formed hydrogels are washed simply by immersion in a
continuously moving stream of waler, which leaches out the undesirable saits,
Isaving abowt 88.5 weight peroent or more pure inorganic oxide behind.

00aa3 Tha pH, temperature, and duration of the wash water will influence the
physical properties of the silica, such as surface area {(SA) and pore volume {(PV).
Siica gs! washed at 85-80°C at pH's of 8-8 for about 15 t© about 38 hours will
usually have SA's of about 250 to about 408 m®fg and form asrogels with PV's of
about 1.4 to abowt 1.7 cofgm. Silica gel washed at pM's of 3-8 af about 50 to abowt
85°C for about 15 to about 25 hours will have SA's of about 700 to about 850 mg
and form asrogels with PV's of about 0.8 {p about 1.3 mifg. These measuremesnis
are generated by the well known N, porosily method. Hydrogel is dried by blowing
air at @ tempergtures ranging from 100 {o 180° C through the hydroge! bed until the
moisture in the gel is less than about 20%, preferably less than about 10%. and
mare preferably less than about 5% by weight. Processes for making xeroasls may
be found in .S, Patents Nos. 6,565,805 and 5,622,743,

iD0587) Reinforced procipitated slica such as that describaed in US, Patent
4,187 820 can also be used to prepars the dispersion of this invention.

For example, reinforced
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precipiated sllicas can be prapared by first acidulating an alkall inorganic silicats o
create an initial precipitats.  The rasulting precipitate is then reinforced or "post
conditioned” by additional silicate and acid  The precipitate resulling from the
sacond addition of silicate and acid comprises 10 te 70% by weight of the precipitats
initially prepared. #is baligved that the reinforced structure of this precipitate is more
rigid than conventional precipiiates as a result of the second precipitation. i s
believed that even afler milling, centrifuging and subsequent dryving, the reinforced
silicate substantially maintains Hs network rigidily and porosity. This is in confrast o
giher pracipitated silicas such as those disclosed it U.S. Patent 5,030,286,

{0058] In ancther embodiment, the inorganic oxide comprises fumed silica
Fumed silica may be fabricated using the processes described in DE 782723,
Froduction of fumed silica is also discussed in Ullmann's Encyclopaedia of industrial
Chemistry, Vol AZ3, 1883, Chapter 6

{0058} Onee the porous particles are formed, they are then milled. The
general milling conditions can vary depending on the feed malerial, residence time,
impeller speeds, and milling media particle size. These conditions can be vaned o
obiain the desired size within the range of about 1 to aboul 120 microns. The
technigues for sslecting and modifying these condifions to oblain the desired
dispersions are known to those skilled in the art. The milling equipment usad o mill
the porous inorganic oxide particles should be of the type capable of seversly milling
and reducing materials to particles having sizes about 1 io about 120 microns, £.q.,
through mechanical action. Such mills are commercially avallable, with hammer and
sand mills being paricularly suitable for this purpose. Hammer mills impart the
necessary mechanical action through high speed melal blades, and sand mills
impart the action through rapidly churning media such as zirconia or sand beads,
impact mills can also be used. Both impact mills and hammer mills reduce particls
size by impact of the inorganic oxids with metal blades. Other suitable mills for use
in this invention include, but are not limiled to, the Air Classifying Mill {ACM) or the
Fluld Ensrgy MEl (FERM).  The milled inorganic oxide particles may be classifisd
using an sir classifier f not performed during the milling process.

[0060] in one embodiment of the present ivention, the milled porous
inorganic particles are then treatsd hydrothermally &t about 100 o about 400°C for

about 2 i about 20 hows and at 2 pH of sbowt 8 to about 10, Allsmatively, the
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hydrothermal treatment may ba conducied as sef forth in U5, Pats. Nos, 5.87847%;
4,732,887 and 4,104,363, The conditions of the hydrothermat treatment affact the
pore volume, surface area, pore size and structural integrity of the particles.
{0081} The porous inorganic oxide particles may be surface modified so as io
selectively enhance bonding of a desired material to the inorganic oxide particle
surface. For example, the porous inorganic oxide particles may further comprise a
surface chemistry in the form of one or more chemical moisties bonded therslo so as
o sslectively bond o one or more materials within a given fluid processed through
ihe chromatography column, which is referred to herein as 8 functionalized surface.
Chemical molsties such as bifunclional gands, elc. may be bondsd io the particle
surface, for example, as described in U.S. Patent No. 7,168 213 assigned o W. R
Grace & Co.-Conn,

in one embodiment, this siationarvhonded phase, or chromatagraphy
madia, includes an active group or ligand as part of the functionalized surface of the
particle, and is typically covalently bonded o the parlicle via some linkage. The
ligand may be any chemical species that show specific interaction with another
molecular component, in this case the targst blomolecule. Known ligands include
charged groups {such as sulfonic acid, guartemary ammonium, diethyl aminosthyl
carboxyl methyl), synthetic dyes; alkyl and aryl compounds {such as pheny
boronate, oclyh): proteins; lecting; antibodies; antigens, enzymes and so on. Ligsles,
that is compounds which can be separated by chromatographic technigues, includs
s wide range of biomolscules such as profeins. enzymes, peptides; antibodies;
antigens, lecling; DNA; RNA; antibiotics; sic.
00623 in one embodiment of the present invention, the surface of the
inorganic oxide parlicles is first treated with two sels of silanes carrying different
functional groups. The first set of functional groups enable polymerization of one or
more monomers onie the particle surface via the first set of funclional groups {8.g.,
linkers), and the second set of funclional groups increases the weltability of said
surface,  Subsequent polymernzation infroduces lonic charge groups thal aliow
interactions and bindings of blomolscules.
{00831 The chromatography columns of the present wention, such as
gxamplary chromatography column 188, may be tailored for use in a given

application. Regardiess of application, the chromatography columns of the present
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invantion, such as exemplary chromatography column 188, may be sized sc as o be
ingartable into a variety of chromatography systems. FIG. 2 depicls a view of an
exemplary chromatography system 200 comprising chromatography column shown
in FiG. 1.

{0084] As shown in FIG. 2, exemplary chromatography systermn 260 comprises
the following components: chromatography column 188, solvent reservoir 284, pump
2062, pre-column 2063, inlsction port 204, detecior 208, recorder/moniter 207, and
wasle collector 268, Although not shown in FIG. 2, chromatography oolurmn 160
may be usaed i combination with other sysiem components suitable for use in
chromatography systems, such as exemplary chromatography system 208, whersin
the other system componenis include, but are not limited fo, mulliple solvent
rasarvoirs 201, 2 vacuum pump, 8 flow splilter, 8 pressurs gauge, a degasser, 2
fraction collsctor, eic.

100857 The present invention is aiso direcled (o methods of making
chromatography  columns. in one smbodiment, the method of making a
chromatography column comprisas incorporating porous inorganic oxide particles
into the column housing. The method of making 2 chromatography column may
further comprise one or more additional steps.  Suitable additional steps includs, but
are not limited {o, forming the column housing vie a thermoforming step {8.g., any
molding step, &.q., injection molding}; cleaning the porous inorganic oxide particles
positioned within the column housing by exposing the porous inorganic oxide
particles o a non-NaOH solution; validating the chromatography column via one o
more validation tesis; and packaging the deaned, validated chromatography column
in a shippable container.

[0468] in the disclosed methods, the step of forming the column housing via a
thermoforming step may comprise thermoforming & tubular housing member, and at
legst one separale and attachable tubular housing member end cap.  In some
smbodiments, the thermoforming step comprises thermoforming (1) a ubular housing
member having a first open end and a closed opposite end (L., an intsgrally formed
end cap having & column housing outlet therein), and (i) a first tubular housing
member end cap that is separate and attachable o the open end of the tubular
housing member.  In other embodimenis, the thermoforming step comprises

thermoforming () a8 tubular housing member having opposite open ends, (i) a first
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fubular housing member end cap separaie and altachable o a first open end of the
tubular housing member, and (i) a second fubular housing member end cap
separate and attachable {0 a second open end of the tubular housing member, the
second tubular housing member end cap being altachable o the tubular housing
member end cap opposite the first fubular housing member end cap.

{00871 The present invention is further directed o methods of using
chromatography  columns, i one emboediment, the methed of using =2
chromatography column of the present invention comprises posilioning the
chromatography column within an operating position of a chromatography systemy;
ard processing a fluid through the chromatography eolump. In some embodiments,
the meihod of using a chromsaiography column comprises procassing a fluid
containing one or more biomoleculss through the chromatography column. For
example, the fluld may comprise a protein, 8 peplide, an cligonuclsotide, or any
combination thereof.

{0088] in one embodiment, the mobile phase or liguid containing one of more
analvtes target molecule) or subsiances for separation on the column 180 is added
vig column inlet 184, Mobile phase axiting the outist 188 into the bed space 151 will
be distributed evenly across the distribution channe! 180, pass through filter 158 and
then be shued uniformily through the bed of particulate medium 181 The moebile
phase will finally &xit the column through column outlet 155

f0083] The disciosed methods of using a chromatography oolummn of the
present invention, such as exemplary chromatography column 188, sdvantageously
da not comprise a clean-in-place step within the chromalography system {e.g.,
exemplary chromalography systemn 208 shown in FIG. 2}, In other words, mulliple
runs may be performed on a given chromatography system, such as exemplary
chromatography system 200 shown in FIG. 2, without the need {0 have a clean-in-
place step. Instead, when a given chromatography column has been used and
needs fo be cleansd, the used chromaiography column is replaced with a
replacement chyvomatography columa, and the chromatography system sontinues {o
oparate without the delays associated with a clean-in-place siep.

0070] The disclosed methods of using the disclosed chromatography
columng of the present invention may alse comprise the step of providing the

chromatography column to a user, wherein the providing step comprises providing a

18



CA 02885263 2015-03-17
WO 2014/058570 PCT/US2013/059984

pre-packed and validated chromatography column {o the user. This step eliminates
the need for the user fo perform one oF more column praparation steps, and further
enables an sfficient use of the user's ime and processing capacity.

10071} Methods of using disposable columns may be suilable for separating
ong or more blomoleculss from a sample.  Although not limited o any particular
application, the methods of using disposable columns of the presant invention may
be used to separate one of more blomoiscules from a3 sampls, whersin the ons or
more biomolecules are selecled from al least one protein, peplide, oligonuclectide,
polvsaccharides, lipids, nucleic acids, melabolites, viruses, vaccines, oF any
combination thersof.

0672 In exemplary embodiments, the porous parlicles of the present
invention may be used in a vansty of applications including all of the bonded phases
rmartioned herein, for example, such as ion exchange chromatography, bydrophobic
interaction chromatography, affinily chromatography, size exclusion, and the like,
lon exchange chromatography is frequently used in protocols for the isolation of
immunogliobuling.  In anion exchange chromatography, negatively charged amino
acid side chains of the immuncgiobulin wiil interact with positively charged ligands of
a chromatography matrix.  In cation exchange chromatography on the other hand,
positively charged aming acid side chaing of the immunogiobulin will interact with
negatively charged ligands of a chromatography matrix.  Hydrophobic interaction
chromatography (HIC) is ancther method described and used in protocols for the
isolation of immunoglobuling. I & highly purs immunoglobulin product the object, s
commonly recommendead to combine HIC with one or more further steps. In HIC, in
grder to make the immunogiobulin bind efficiently (o the HIC matrx, addition of
ivotropic salls {o the mobile phase is reguired. The bound immunogiobulin s
subseguently releasad from the matrix by lowering the concentration of ivotropic salt.
Affinity chromatography is based on specific interactions betwesn a target
biomolscule and a blospecific ligand in a principle of lock-key recognition. Thus, the
target and ligand will constitule an affinity palr. such as antigen/antibody,
enzymefreceptor sl Profein-based affinity ligands are well known, such as Protein
A, Protein G and Profein L affinity chromatography which are both widespread
methods for isolation and purification of antibodies. it is weaill known that Protsin A

chromatography provides an cutstanding specificity, particularly towards monaclonsl
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antibodies, and conseguently high purities are cblainable. Used in combination with
fon exchangs, hydrophobic interaction, hydroxyapatiies andfor gl fillration steps,
Frotein A-based methods have become the antibody purtfication method of choics
for many biopharmaceutical companies, see e.g. WO 8400773 and U8, Pal. Ne,
5,151,350,

{00731 in sxemplary embodiments, the porous particles of the present
iwention may be used in a varsly of applications, such as mixed mods or mult-
modal separation matrices or media.  The ferm "multbmodal’ separation media
refers to matrix capable of providing &l least two different, bul cooperative, sites
which interact with the compound to be bound. For example, ong of these sites may
give an atiractive type of charge-charge interaction hetweaen the ligand and the
substance of interest. The other site may give electron acceptor-donor interaction
arndfor hydrophobic and/or hydrophilic  interactions. See s.g., U8 PFat No
7,714 112, In addition, the porous particles of the present invention may be used in
expanded bed adsorption {(see e.g., U8, Pat. No. 8 820,328); as part of a membrane
to improve purification performance {(see e.g.,. UGS, 2011/0048042) used in
apphcations with fuidized bed adsorplion (s8e e.g., U.B. 2005/0388257), and In any
other applications sullable for purification or adsorption using wids pore materials.
10074} The present invention is further Hlustraled by the following sxamples,
which are not o be construsd in any way as imposing limitations upon the scope
thereof, On the contrary, it is to be dearly undersiood that resort miay be had o
various other embodiments, modifications, and sguivalents thereof which, afler
reading the descriplion herein, may suggest themselves 1o those skilled in the ant
without departing from the spirit of the present invention andfor the scope of the

appended claims.

EXAMPLES
{0075] The following examples describe processes in accordance with the
present invention for preparing chromatography media having funclionalized
surfaces, including ion sxchange and protein A, but other surface functionslization
may be ussd. One embodiment of the pressent invention shown in the examples
raiaies {o the porous inorganic media bassd ion exchangs malerial which was

prepared by a process which consisted of bwo main steps: (1) bonding of large pore
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sifica with two silanes: (S-glvcidyloxypropyl trimsthoxysilane and 3-{frimsthoxysilyl
propy! maethacryiate to form gn initislly bonded intermediate; and {2} solulion
polymerization of onic monomer(s), with an azo inflintor, in the presence of the
initially bonded silica intermediate for sither sirong anion exchange media (Q-silica)
or strong calion exchange media (&-SHica).

[0078] Another embodiment of the invention shown in the sxamples was a
process for the preparation of Q-silica wherein the monomers utilized were G-
acrylamidopropyl)  Wrimethvlammonium  chioride, a  small amount of
dighyldimethylarmmoenium  chloride solution, and the initislor i 2,2'-azobis{@-
methyipropionamidine) dihydrochioride (V-50 initiator).

[oQ77 Ancther embodiment of the invention shown in the examples is &
process for the preparation of S-silica. The process included an exdra step of
washing the iniially bonded intermediate with ietramethylarmnmonium  chloride
solution is added 1o aid the polymerization. In this polymerization embodiment, the
monoemer is 2-acryamido-2-methyl-1-propanssuifonic acd (AMPS), and the initiator
is 4,4 -azobis {cyanovaleric acid) (V-501 initiator). This polymerization uses a chain
ransfer agent (CTA), e.g., S5.5-Bis{oodimsethyi-g"-acetic acidy-trithiocarbonate,
which is available from ABCR GmbH KG. The function of CTA is to control the chain
length of the polymerization and help reduce any blockage of the pores {(Sae FIG. 4).
Thiz process is essentially a reverse addition fragmeniation chain transfer (RAFT;
polymerization, a living radical polymerization process.

00783 Many different types of porous particles were functionalized by these
processes. in some of the Examples, silica gel was ulilized, which were sllica gels
having 75 micron particle size with median pore sizes of 250, 500, 800, 1000 A
The sifica gels were prepared using the following procedure: 180g of a2 18% sulfuric
acid solution was placed in & reactor squipped with an overhead stirrer and chilled {o
5°C. Separately, 2683¢g of a solution of sodium silicate (22.8% SI0:) was also chilled
to 8°C. Subssquently, the sodium silicate solution was added {o the sulfuric acid
solution via 8 pump at such a rate as to add the full quantity of silicate in 15 minutes.
During the addition the lemperalure was maintained at 5°C.  After the addition was
compiated, the reacior was warmed o room tempersivre and the conlenis wers
alfowed to gal without stirring.  Upon gelation, the gel mass was cut in small pleces

and submergad in waler, in order to remove the sodium sulfate formed during the
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reaction.  The level of sodium sulfate remaining in the malerial was pericdically
checkad, as wash walsr was drained and fresh water was added io the gel. When
the level fell below 1% the gel was suspended in walsr and the pH of the liguid was
adjusted to pH=87 and the sclution heated to 87°C. The lampersiure was
maintained for 20 hours and 20 minutes. Al the end of the healing period the gel
was recoverad by filtration and dried in & 180°C oven until the moisture content of
the gel was less than aboul 5% by weight. The silica gsl thus oblsined had a
nitrogen BET surface ares of 325m¥g and a nitrogen pore volume of 1.24ceig.
Assuming oviindrical pores and using the sguation: Pore Size {Angstroms) =
A0000XPVISA this material exhibits a pore size of 183 Angstroms. Subssguently,
the gel is milled to the desired parlicle size (75 microns) using an ACM and then
hydrothermally reated 0 an autoclave st 300°C untll the desired pore size i
achieved,

{0079 The particie sizes reporied in the Examples were determined by light
scattering using a Malvern Mastersizer 2000 available from Mabvern Instruments Lid.
par ASTM B8Z2-10. Pore size distnbutions are measured by mercury infrusion using
an Autopore IV 8520 available from Micromeritics Instrument Corp. Pore volumes
referenced herein represent mercury intrusion into pores 10,000 A and below.. BET
surface areas sre also obisined from the nifrogen sorption analysis. Elemental
analysis of carbon and sulfur content was conducted using & LECO Carbon and
Bulfur Analyzer SC-832 available from LECO Corp. Average molecular weight was
determinad by GPC analysis using a GPOYV 2000 with R and Viscometrie Detection
available from Waters Corp. The purity of the sifica was measured by inductively
coupled plasma (ICP) using an ICPE-8000 available from Shimadau Caorp.

[008G] The pore size distibution of the silica gel particles of the present
invention was sxamined by the methods st forth hersin. As may be seen from FIG.
3, the porous particles of the present invention possess a broad pore size distribution
{i.2., a large ralstive span}.

0081} FiG. 4 demonstrates gensral synthetic routes for Q-silics and S-silica,
00823 Moleoular  weight of the samples from Examples 11-24 were
determined using the following procedure; 0.5 grams surface functionaglized silica
samples were weighted into 50 mi cenirifugs tube and 10 mi deionized waler wers
atkled, followsd by 2.2 mis 48% hydrofiuoric add, and after mixed thoroughily, and
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the samples were et stand 30 minutes. ARler that, boric acid, 3.5 grams, were added
o seguester free flucride and the samplss wers placed on wrist action shaksr for 80
minutes. Afler centrifugation and fillration through a 8.2 um filter with vacuum, dear
supernatant were collected for analysis. The supermatants wers subjected to gel
permeation chromatography (GRC) analysis using a GPCV 2060 with Rl and
Viscometric Detection available from Waters Corp. that included Ultrahydrogel guard
column and 120, 280, and 1000 columns., The solutions from above were injected
into 1% agueous potassium niirate in mobile phase with a Waters HPLC system
equipped with an Ri deteclor. The molecule weighis of the socludions were
determined by using polysthylene glycol and polyethylens oxide as calibration
standards. The molecular weights for the above polymers wers below about 200-
300 KD,

e The static binding tests for Q were performed using Bovine Serum
Albumin (BSA) (25 mg/mi concentration in buffer) at a pH of 8.0 with 50 mb Trig HCI
buffer. The binding/washing buffer was 50 mM Tris-HCl at a pH of 8.0 and the
glution buffer was 50 mbA/Tris-HCVT M NaCl at a pH of 8.0, Dried silica samples
were weighted inte vials, and then protein solutions in binding buffer were added.
After overnight adsorption, the samples were centrifuged and supernstant
separatedidiscarded. The siica sample was washed three times with washing buffer
with centrifugation and separation.  After the washing steps, elution buffer was
added and the elulion was repeated a second fime.  The UWVis adsorption was
measured for the combined slulion solution at 280 um using a2 Genssys 108 Bio Uv-
Vis specirophotometer avallable from Thermo Fisher Sciendific Inc.

[o084] The static binding tesis for S were performed using chicken egg white
lysozymes or boving gamma giobulin {25 mg/ml concentration in buffer) at a pH of 4.0
with 50 mbd HOAoMNaUA: buffer.  The binding/washing buffer was 50 mb
HOAcNaOA: at 8 pH of 4.0 and the slution buffer was 1M NaCl in 50 mM
HOAcMa0A at a pb of 4.0, Dried silica samples were weightad into vials, and
then protein solutions in binding buffer were added.  After overnight adsorption, the
samples were cenirifuged and supernatant separated/discarded. The silica sample
was washed three times with washing buffer with cenirifugation and separation.
After the washing steps, elulion buffer was added and the slution was repested a

second time.  The LVAis adsorplion was measured for the combined slution
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solution at 280 um using a Genssys 108 Bio UWV-Vis spectrophotomster available
from Thermo Fisher Sclentific inc,

[{3085) The dynamic binding tests were performed using Omni glass columns
with (.68 om diameter. For 2 mi of columin the column length was around 5.8 om.
Silica sampies were de-fined with D waler, and then the column was slry packed
with Alda FPLC and at about 4000 cmih linear velocity. For the breakthrough curve
for Q, BSA protein in pH 8.0 50 mb Tris-HO! buffer {or lvsozyme or gamma globulin
in pH 4.0, 80 mbd HOAGNaOAc buffer for 3) was passing through a column with
Akts at about 300 or 1000 om/h. UV-Vis signals at 280 nm were measured using a
UVB0G avallable from General Blectrie, and chromatograms were recorded and
plotted with Microsoft Excel. Dynamic Binding Capacitiss (DBC) were calcudaled at
5% treakthrough point using the following squations;

DEC = (Volume®5% Breakthrough — System Volume) X Protein Concentration

Column Veolume

Examples 118
{0G88] Samples of initially bonded porous silica parlicles were prepared by

treating the siica parficles with treating agent 1 {vinyl silane), which is 3
{rimethoxysifyhpropyl methacrylate, and/or treating agent 2 (epoxy silana), which is
3-giycidoxypropyir-trimethoxysilens. The vinyl and epoxy siianes were premixed. A
round bottom flask charged with porous particles, and the amount of treating agent
mix was added into the flask. The mbdure was allowed o roll gvernight. 0.5M
sulfuric acid in the amount of 1/10 of silica {by weight) was added. The mixiure was
rofled at room temperature for 1 howr, and then was heated up to 70°C for 1 hour,
The flask was aliowed to cool down, and then the silica was soaked with T M sulfurie
acid for 30 minutes, and then filterad. It was then washed with Dl watler five times,
fitered, and dried at 70°C overnight. The resulting samples were submitted for
slemental analysis (LECO) for the percentage of carbon on silics and labeled
Examples 1-10, respectively. Results for these examples are recorsd in Table 1
batow:
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Table 1
: Conter Surface Particle Epoxy Yinyl
Example § Particle Pare Area Amount Silane Silane L% initial-
; Size (pm) | Size (A) g {8} Amount | Amount bonding
{a}
{g}

1 75 1000 45 180 g 8 275

2 75 1800 45 4000 240 240 2.28

3 75 1000 45 200 g 20 3.08

4 75 1000 45 40 0.5 0.5 0.82

& 78 1000 45 100 1.2 12 0.77

3 75 1000 45 200 2.5 2.5 0.83

7 78 800 81 200 B 2.5 0.82

8 75 500 T2 4D 1.3 1.5 2.31

g 75 500 7e 40 0.5 0.5 0.93

19 75 256 297 180 7.5 7.5 242
[aGaT? Except for Example 3, equal amount of two silanes were used for these

functionalizations and the amounts of carbon oblained were in general proportional
to the total amounts of silanes used.  In sxample 3, only vinyl silane was used for
the dry bonding. As demonstrated in the above Table 1, the amount of carbon,
measured by elemental analysis of the cleaned and dried silica samples after
bonding process, was used as an indicator to dsterming the amount of surface

functional groups after surfacs funclionaglization.

{00a8] Examplies 11-24 describe a process of preparing strong  anion
sxchange materizis, In these Examples, the initially bonded silica from Examples 1-
10 wers surface iested using a  first monomen ($-RAorylamidopropyl)
trimethylammonum chiorde (75% aqueous solution); an allernative monomer 1 [3-

{Methacrvioylamingipropyil trimethyvlammonium chiorids (50% aquecus solution); an
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alternative monomer 20 [E-{Acrvloyioxyisthyiltimethylammenium  chioride (80%
agueous solution), a second monomern Dialividimethylammonium chionde {858%
aqueocus solution); V-850 initistor; and additional deionized water (DIW).

{0088 A three-nacked round botiom flask was equipped with an overhead
machanical stirer with gas fight fiting, 8 nitro gas inlst and ocullel, and hesating
mantle with thermal couple feedback. The silics and all the reagents except intialor
are first charged inlo the flask. The sysiem was bubbled with nifrogen for 20
minutes. Then the initistor was introduced.  Nitrogen was bubbled for another 20
min before the flask is gradually heated to 85°C. The mixture was kept at 858°C for 2
hours with overhead stirring, and then cooled down o room temperature. The
mixture was poured info 5% NaCl sclution in a beaker. The flask was rinsed with D
waler 1o completsly move the residual silica inside the flask.  After the mixiure was
stirred with overhead stirrer for a Tew minutes, it was filtered and the washing was
repesied thres times with 5% Nall and three times with Dl water. The samples
were ieft in air to dry except that a small amount of siica was dried at 90°C overnight
and then submilted for slemental analysis of carbon content.  Binding capacities
were calcuiated for the sample as described hersin above. Resulling samples wers
iabeled Examples 11-94.  Analytical resulls and binding capacities for these

Examples - were recorded in Table 2 below:
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[0000] Reagent ratic is the amount of reagent used in the reaction by weight.
All the monomers used in Table 2 are agusous solutions so the actusl amounts are
corracted by multiple by concentration.  For sxample, in Example 11 the amount of
raagents are: silica = 10 g, monomer = 8.8 g, 2 monomer = 0.8 g, initiator = 0.045
g, B water = 85 g, and the ratic is calculated as 10 (88 x 078 . (0B x 085
0.045 1 85 = 1:0.5:0.04:.0.004585. C%ina vonding 18 the amount of carbon on the
dried silica samples after the initial bonding siep, as measured by slemenisl
analysis, C%g is the amount of carbon on the purified, dried silica samples,
measured by slemental analysis. Cuuy = Clmna ~ C%intiat nonaing 18 the amount of
carbon  confributed from  polymeric groups on the surface of the silica
CronCinitialoonding FRatio 18 the division of the two carbon numbers, which is a measura
of carbon contributed by the polymer compared o that contribuled by the inilial
bonding. Yhile not wishing 10 be bound by theory, it is believed that highsr ratin is
an indication of longer chain polymer with fewer number of chains on the surface,
and this is preferred against lower ratio indicating shorter chain with more chains on
the surface for higher protein binding as longer chains give more flexibility for the
honded polymers. Boving serum albumin (BSA) was used as modeal protein for all
the binding tests of samples. Higher binding values are preferred. & stands for
Sighic binding {(SBC) whers the binding of B5A onto modified silica was measured in
3 static mode {ses the procadurs of the measurement below). D stands for dynamic
binding (BBC) where the binding of BSA onto modified silica was measured in
dynamic flow mode {ses the procedurs of the measurement below). Notle that ndm
means not measwed.

{00811 As may be seen from Table 2, except for Example 13, all of the
samples provided acceptable binding resulis. In Example 13, no polymer attached
onto the surface of siica. In Examples 14 and 15, the sscond monomer,
dialhidimethylammonium chionide, providsd higher BSA protein binding in gensral. in
g, the binding of BEA was

improved. In Examples 17, 18 and 20, slternative monomers wers festad.

Example 16, increasing the ratio of C%paymefCHimtane

Alternative monomer 1 gave slightly higher BSA binding than 2 sample from the first

monomer (Example 18), while aslfemative monomer 2 gave much lowsr probein
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binding than the first monomer.  In Example 21, the sample was made with silica
having a pore diameterfsize of 800 A, which yielded the highest BSA protein binding.
Example 22 gave higher BSA binding than 23 because it had higher carbon number

ratic. In Example 24, lowsr protein binding was obtained,

Examples 25-28
{00821 Examples 25-28 show another process for prepanng a strong anion

gxchange material. The general procedure for Initial bonding samples for Examples
25-28 (Table 3} was as follows: 50 g of dried silica were mixed with 0.5 g of vinyl
sitane and 0.6 g of spoxy silane in & dried 1L round bottom flask on g Rotavap at
ambiernd temperature for overnight (18 hours}, and then the silica was transferred {o
a 1l beaker and scaked with 5300 mi of 1M sulfuric acid for 1 hour, Filtralion and
washing with 5 x 500 D water vielded initlally bonded silica samples which wers
dried at 70°C overnight.

Examples 25-27
0083] The polymerization procsss procedure for Examples 25-27 was as

foliows, Similar to process used in Examples 11-24, 30 g of dried siicas from
previous slep were mixed with monomers, initistor and water according to Table 3.
The anshtical results for the final products for Examples 28-27 wers recorded in

Table 3 as well.

Example 28
{0004] Tha process procedure for Example 28 was as follows: Ina 250 mi

Beaker the amount of reagents described for Example 28 in Table 3 were mixsd.
Stir to dissclve sverything in water.  The solution was poured into a 250 mi
Erlenmeyer flask containing 30 g of initially bonded silics (0.78% Carbon).  Nirogen
gas was bubbled info the flask for 30 mins (the flask was scoasionally shaken o
allow sifica and agqueocus solution mix well), and then the gas wbing was quickly
removed and tha top of the flasks weres sealed with 2 tapes  The flask was graduslly
heated to 85°C with a water bath (~30 minutes), and the femperature was kept at

B85°C for 2 hours. Then the mixture was cooled down to room lemperaiure. The
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mixture was poured into 400-500 mi 10% NaCl solution in a 1L beaker with some Dl
veater rinsing to compleately move the residual silica insids the flask. The silica was
stirred with @ spatuls for & few minutes, and hen particles were [eft {o ssitle. Tha top
iguid phase supsrmatant was decanted into waste, and the residual silica was mbsd
with 500 mi 5% Nadl solution.  The silics sample was then washed with 3 x 500 md
of 8% NaCl solution with additional 2 x 5300 mbL DI water, sach washing was followed
with filtration under vacuum. The final sampls was sl in alr o dry except 3 small
amourt of sample was died at 80°C for elemental analysis of carbon inpul. The

analvtical and binding capacily resulls were recorded in Table 3 below,

Table 3
Average | O% from TR T
Examples Pora frdtial Monoe Monomer | initister | Water | Final Met Breskthrough
size (A} | Bonding | mer § (g 2 {gh {53 {a C% C% DBC for BSA
. Protein {mgimiy
25 1000 (.83 33 2 {.14 200 {488 {383 115.¢
28 2000 .75 33 2 14 200 | 284 {208 822
27 300G 077 33 2 {14 208 247 1178 84 4
28 a0 {4.76 188 1 .07 100 | 548 | 473 1261
[0088] Examples 28-41 demonstrate 3 process for preparingstrong cation

sxchange materials.
Examples 29-34

{0008] Vinyt and epoxy silanes (2.5 g sach) wers premixed in a 20 mi
scintiffation vigl, A 2L round bottom flask was charged with 200 grams of D1000
siica, and the amount of freating agent mix was added into the flask drop wise with
good mixing. The mixture in the flask was allowed to roll in a rofovap overnight. 20
rit of 0.5M sulfuric acid was added. The mixture was rofied at room temperature for
1 houwr, and then was heated up to 70°C for 1 hour. The flask was allowed to cool
down, and then the silica was soaked with 500 mi 1 M sulfuric acid for 30 minutes,
and then fillered. ¥ was then washed with D water five times, fitered. 100 g of
tetramathylammonium chioride was dissolvad in 1000 mi of methanol and the silica
was scaked in this solution for 1 hour, and then the silica is filtered and washed with

3 x 500 mi of methanol, The silica was drisd at 70°C ovemnight. The sample was
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subrmiited for glemental analysis (LECQO) to determine the percentags of carbon on
sitica. 1 was found that the sample contained 0.79 g of carbon per 100 g of sample
{0.78%). All initial bonding for the Examples 28-34 recorded in Table 4 were
preparad as described herein above,

{00387} A 500 mi three-necked round bottom flask was equippsd with an
overhead mechanical stirrer with gas tight fitling, a nitro gas inlet and outlet, and
haating mantle with thermal couple fesdback. The silica initially bonded and treated
with telramethylammonium chioride (30 g), and 37.8 g of AMPS, small amount of
CTA and 200 mi of D waler were first charged inlo the flask. The system was
bubbisd with nitrogen for 20 minutes, Then .15 g of V501 intiator was indroducsd.
Mitrogen was bubbled for another 20 min befors the flask is gradually heated 65°C.
The mixiure was kept at 85°C for 2 hours with overhead stirring, and then to 80°C for
ancther 2 hours.  The flask was allowed o cool down 1o room temperature. The
mixiure was poured info 800 mi of 5% NaCl solulion i a2 beaker. The flask was
rinsed with D water (o completely move the residual silica inside the flask. After the
mixiure was stirred with overhead stirrer for a few minutes, it was fillered and the
washing was repeated thres times with 500 mi 5% NaCl and three times with 500 mi
& water. The sample was lsft in air to dry sxcept that & small amount of silica was
dried at B0°C overnight and then submitied for slemental analysis of carbon and

sulfur corttent.

Tabie 4
Teeresize | TSRS 8BE T
Example | of Silics indtial £TA Final $% 8% {lysozyma} | {Globulin}
# {A} L% used {g} {mgimi} {moimi}
24 1006 { 0.74 4.3 2.88 (.85 “ 153 w
30 1006 .88 {3 347 4.77v 153 34
31 1006 (374 4.2 384 1.8 168 18
az 1000 .71 8.2 337 1.03 180 1]
33 10006 0.74 g 8.28 1.6% &8 2
""""" 34 0oe T o 0 828 1.84 83 3
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{0028] in Examples 2834, chicken egg whits lysozyms My of about 17k
and boving gamma globulin (M of about 140kD) proteins wers used for stalic
hinding studies for the cation exchangs materials. The test procedurs was the same
as that for BSA for Q-Silica described above in Examplaes 11-24, with the exception
that different proteins (still 25 mg/mi concentrations) were used, and the binding and
washing buffer was 50 mM HOACNaOAc at pH 4.0 The elution buffer was 1 M
MaCl in 50 mM HOAC/NaOAC at pH 4.0, Static binding capacities for lysozyme or
globulin proteing were summarized in Table 4.

10G29] it was found the unlike the Q-silica the polymerization of AMPE
requires the involvement of a small amount of a chain transfer agent (CTA), g, 8~
Bis{o o -dimsthyl-o”-acelic  acid)-trithiocarbonate. Withowt CTA, the binding of
protein o silica samples were much lower. As can be seen from Table 4, the
amount of CTA had significant influence not only on the amount of atiachsed polymesr
{as measursd by carbon and sulfur confents) but also on the statlic binding capacity
of the samples. Larger amounts of CTA led to smaller amounts of polymer
attachment, lower binding of lysozyme but higher binding for the much larger size
protein Globulin, With no CTA, significantly smaller binding amounts wers achisved

for both lysozyme and globulin,

Exampies 35 and 38

[o100) Examples 35 and 38 demonstrate the sive of polymers with regard to
the amount of CTA used in the polymerization {(withowt involvement of silica). A
thres-necked round boltom flask was charged with 37.58 g (181 mmol of AMPS 14
g {18.1 mmol} of methacrvlic acid, 0.2 g {1 g for Example 38) of CT4, and 200 mi of
O water. The polvmerization was carried out (without silica} similar o the one
described above. Afler the polymerization and semple was submitted for GCP
analysis 1o delermine the molecular weight of the polymers made.  The My for
polymers in Exampls 35 was 87471 and My for polymers in Example 38 was 206878,
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Exampie 37
{01017 in this Example, an allernative process Tfor  preparing sirong cation

exchange phase is presented. The process involves chemically altaching a
functional group containing thermally labile azo group and also hydrophilic carboylic
acid groups. As shown in FliE. 8 the azo iniliator is first coupled with
aminopropyitrimethoxysilane, and then the functional group is bonded with silica.
The polymerization procseds with hest and in the presence of the monomers.

{01021 N N-Dicyclohexylcarbodiimide (DCC), 115 g, was dissolved in 3850 mi of
methylens chioride, and the solution was cooled with ive batch to abouwt 5°C. To the
solulion was added 7.78 g of 4,4 -azobis {cyanovaleric acid) {(V-501 initiglor},
followsd by 10 g of aminopropyitrimethoxysiiane. The mixturs was stirred at cold for
3 hours, and then it was allowsd fo warm up o room temperature in anether 2 hours,
After the reaction, undissolved solids {mostly wres byproduct) were fillered off, and
the fillrate was mixed with 100 g of unireated silica from Example 7 (800 A The
mixture was placs in 8 1L round bottom flask, rolled on & rolovap at room
femperaire overnight, and then fillered and washed with 4 x 400 mi of methanol.
The solids were alfiowed to dry in air overnight & room {emperature. A small amount
of sample was submitted for slemantal analysis, and a carbon number of 2.03% was
ebtained for the sampls.

{0103} 30 g of above silica was mixed with 40 g of AMPS monomer in 200 mi
of water., ARer nitrogen was bubbled in the agueous mixiure for 30 min, the three
neckad round bottom flask was heated while stiring to 85°C for 2 hows under
nitrogen.  After the reaclion, the mbdure was filtered and washed with 3 x 500 mi of
5% NaCl and then 3 x 500 mi of DI water. After the sample was dried, slemental
analysis of the dried sample showed a carbon number of 4.23% and sulfur number
of 1.17%. Siatic binding of BSA profein {with a pH 4.0, 80 mM sodium acetaie

buffer) indicated a binding capacity of BSA for this sample was 150 mgimi,

Examble 38
{0104} in this Example, a different set of reactions was usad (o prepare sirong

cation sxchange material. As shown in FIG. €, siica gel was first bonded with

aminopropyitrimethoxysilane, and then the modified silica was coupled with azo
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initiator with a coupling catalysis (BCC) in DMF, followed by polymerization at higher
{femperature in the presance of AMPS monomer,

{0105] D000 (75 um average particle size with 10004 average pore size),
200 g, was intially bonded with 20 g of aminopropyitrimethoxysilane with a
precedurs similar to that of Exampies 1-190. Afler overnight rolling, the silica was
soaked in 800 mi of 0.1M HOL, and then filtersd. Three Umes of washing with 1 L of
OF water were carried out with sach step followsd by filtration under vacuum.  The
sitica filtration cake was drisd at 70°C overnight and it was determined the amount of
carbon with dried silica was at 0.80 %.

{0108} The dried silica from above, 38 g, was mixed with solution of 1.82 g of
DCC, 2.24 g of V801 azo initistor, and 0.8 g of risthylamine in 100 mi of diy DMF
solvant.  The mixiure was place in a 5800 mi round bottom flask and rofled on a
rotavap st room temperalure for 4 hours. The resulting mixiure was filtersd and
washed with 2 x 200 mi of DMF, and 2 x 150 mi of acelone. A sample was drisd in
pven and slemental analysis showed a carbon content of 1.74%. the remaining
sitica was let dry inside 2 fume hood &t room lemperature for 8 hours,

0107] 34 g of above silica were mixed with 40 g of AMPS monomer in 200 g
of B water. After the syslem was flushed with nilrogen for 20 minutes, | was haalsd
while stirring o 85°C and kept at this temperature for 2 hours.  After that, the
mixture was cooled down {o room lemperature, washed with 3 x 5800 mi of 8% NaCi,
foltowed by 3 x 500 mi of D water.  After the sample was dried, slemental analysis
of the dried sample showed a carbon numbser of 5.47% and sulfur number of 1.858%,
ard a static binding capacity of 125 mg/mil of lvsozyme protsin at pH 7.0 {80 mimol

phosphate buffer) was obiained,

Examples 38 and 40

{0108] in these examples, as shown in FIG. 7, a polymer consisting of AMPS
{80 maol %) and methacrviic acid {10 mol %) was first synthesized with a chain
transfer agent (Example 38}, and then the polymer solution was mixed with modified
silica with surface amino groups {initially bonded D000 silics in Example 38), and

then the mibdure is baked at 180°C for several hours io aliow the formation of

34



CA 02885263 2015-03-17
WO 2014/058570 PCT/US2013/059984

covalent amide bonding between the polymer and the surface amine groups
{Exampls 40}

Example 38
{0108 in a 1000 mi three necked round bottom flask {equipped with

mechanical stirrer, niirogen inlet and outlet, and a thermal couple) were added 100 g
of AMPS monomer, 4.2 g of methacryviic acid, 1.2 g of CTA, and 800 mi of D waler.
The mixture was stired and nitrogen flashed for 20 min, and then 0.4 g of V-801
initiator was added. After ancther 20 minutes of nitrogen bubbling, the system was
gradually heated to 85°C and kept for 2 hours, and then to 80°C for another 2 hours.
After cooling down o room temperalwre, the polymer was analyzed by SEC {(using
daxtrans of different molecular weights as standards) and § was delermined that the
polymer had My of 18417 and the M, of 15477,

Example 40
[0110] The aminopropyl bonded silics from Example 38 (initial bonded), 20 g,

was mixed with 200 g of polymer solution as described in Example 38, The mixture
was pH adiusted to around 7 with addition of 10 M NaOH. Then it was placed in 3
ceramic crystallization dish and the dish was place in a Conveclion oven (Fisher
5060 oven) inside a fume hood. The temperstre of the oven was set at 180°C and
the sample was baked inside the oven for 8 hours. After that, it was cocled down the
room tfemperature and mixed with 500 mi of 10% NaCl solution. The silica was
filtered and washed with 3 x 500 mi of 5% NaCl solution and the 3 x 800 mi of Di
waler. The carbon and sulfur comntents of the sample were determined o be 8.08%,
1.70%, respectively. The measurement for iysozyme DBC was 107.6 mg/mi at pH
7.0 (80 mb sodium phosphate buffer),

Example 41
0111} in this Example surface polymer growth was promoted by a Ce{iV)

chemistry (US5453188). (Ses FIG. 8} 100 g of silica (1000 A median pore size with
a median parlicle size of 70 um was dry bonded with 10 g of epoxysilane with a

procedure similar o examples 1-10 {(except that no vinyl silane was used). The
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resulting silica had a carbon % measuremeant of 1.689%. 30 g of this drisd silica were
mixed with 30 g of AMPS monomer, and 200 mi of D water in a three necked round
bottom flask. After the mibdure was rid of omoygen by bubbling nitrogen for 20 mins,
2.37 grams of cerium (1V) sulfate was added and the mixiure was stirred and heated
at 70°C for 2 hours, Afler 2 hours, the mixiure was cooled down, filtered and then
shurry washed with § x 300 mi 1 M of nitric acid, followed by § x 300 mi of DI waler.
Elemental analysis indicated the carbon and sulfur content of the dried sample were
2.27 and 0.58, respactively. DBC measurement of this material with & 2 mi of

colunm at pit 7.0 (50 mb phosphate buffer) for lvsozvme was 107 mgfimi.

Examples 42-43

{01131 in Examples 42 and 43, protein A is attached to the silica of Example 1.
The silica had a parlicle size of 75 pm with 3 median particle size of 70 um, and a
median pore size of 10004,  Example 42 used 2 well known chemistry (8.9,
WO1SBR09237) involving oxidation of surface diol group with NalOy fo vield an
sidshyde, followed by reductive amination of amino groups on the protein A chain
with the surface aldehyde groups (Scheme 1 of FIG. 8)  Example 43 utilized 3
different chemistry. As shown in Scheme 2 of FIG, §, the silica was first bonded with
aminopropyitiimsthoxysilane, and then the amino groups on the surfacs wers
reacted with cyanurie chioride in foluene at 5°C, followed by reaction of the second
chioring group with amine groups on the chain of the protein A,

0113] in Example 42, (S-glycidoxypropyl)-trimsthoxysifane (78 mg) was
bonded with 15 ¢ of the sifica from Exampls 1 (10004) uiilizing the initial bonding
procedure described in Example 1. After washing and drying, it was Tound that
about 0.18% carbon was atlached onto the surface of silica. Subseguently, 1.2 g of
this initially bonded silica was mixsd with 18 mi of 50 mM HOACMNaDAC buffer gt pH
4.0, with 0.25 M NalQ4 in the buffer.  The mixture was shaken at slowrale ina 20 ml
scintilation vial ovemight at room temperature. Then the silica was washed with 50
i of B water five times with fillration, and then washed with 15 mi pH 8§ 100 mM
sodium phosphate buffer containing 50 mi of Nall. The sample was filtered and
about 0.2 g of silica sample was taken for control, and the rest was mixed with § g of

pH 8 buffer from above, and 400 mg of protein A solution (Frotein A was a
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racombinant Protein A obtained from Repligen Bloprocessing under the trade name
rSRAY. The sample was shaken at room temperature for 4 hours, and then 8,18 g of
NaBHUN in 1 mi of above buffer was added. The sample was shaken for another 4
hours. The sampe was washed with 5§ x 20 mi of 5% NaCl, followad with 4 x 20 md
D water.  After diving, thermogravimetric weight loss (TGA at 120-800°C using a
TEA G500 avallable from TA Instruments Inc.) was measured for the sampls and.
gontrol {sample foliowed the same process without protein Al Resulls wers

recorded in Table 5 below:

Tabis 8
Sample {120-800°C TGA Weight Loss
Starting Diol silica 1.28%
After reacting with Protein & 3.30%
Same process without Protein & (controll ¢ 118
[0114] The higher amount of weighi loss of 3.30% than thal of conirol

samplie's 1.19% indicates the allachment of protein A

i0118] in Example 43, 80 g of the siica {(1000A) was bondsd with 5 g of
Aminopropyitrimethoxysilane ulilizing the initial bonding procedurs similar 1o the one
described in Example 38, ARer washing and drving, the amount of carbon was
determined o be 2.48% by slemental analysis. TGA weight loss (120-800°C) was
312%. Subsequently, 87 g of cyanuric chioride was dissolved in 70 mi of
anhydrous toluens and the solution was stirred in & three necked round botlom flask,
cooled at 5°C in an ice bath. 22 g of the initially bonded siica and 18 g of
triethylaming (TEA) was added. The mixture was stirred at cold for 3 hours,  Slica
was fillered and washed with 3 x 300 rd acetone, and stored at 4°C.  Xeray
flunrescence using an Axins mAX Advanced PYW 4400 available from PANahtical
BV, showed that the sample containg about 2.12% of swrfacs chivrine, suggesiing
the attachment of cyanuric chionde. Then, protsin A solution, 3.6 g, was dissolved in
50 mi of 50 mM sodium phosphate buffer. The silica from above was added and the

mixiure was mixed at room lemperalure overnight. The sample was fillered and
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washed with 3 x 500 mi 5% NaCl and 3 x 500 mi BIW. Control was also run with the
same amount of reagents except for the presence of protein A sclufions.

{0118} As shown in Table 8, TGA of the above samples showed higher
amount of heat loss for the sample with protein A reacted, indicating an atlachment

of the protein,

Tabie 8
“sampie T 420-800°C TOA Weight Loss
Starting Amino silica 3.12%
- After reacting with Protein A CR70%
Same process without Protein A {oontrol) 4.71%
04173 In Examples 44-48, alternative silica materials were utilized, including

5 silica get of Example 10 (250 A}, precipitated siica made by the process sel forth
in WOR011/144348, and air sst silica made by the process set forth in U8, Pals,
MNos, 7,229,855, 6,555,151, 5,149,553, and 6,248,811,

0118] Each sample of Examples 44-48 was ifreated according fo the
following process. 100 g of silics wers added inlo 1L inderded round bottle Hask,
and to the silice were added 8.5 g of epoxy silane. The mixiure was rofled on 2
rotovap st room temperature ovemnight (Fig. 8 Then 10 g of 0.5 M of sulfuric acid
was added and the mbdure was rolled 2t room temperaturs for 1y, followsd by
another 1 hr at 70°C with a watler bath, After the silica was soaked in 500 mi of 1 M
sulfuric acid for 30 minutss, i was fillered and washed with 3 x 500 mi of DI water
and 3 x 280 mi of methanol. Afler drving, 15 grams of shove silica were placs inlo a
300 mi, three-necked round boltom flask, and 80 g of Dl water wers also added,
together with 18 grams of AMPS monomer. The stirred mixire was bubbled
nitrogen for 20 minses, and then 3 grams of cerium (V) sulfate were added. The
mixiure was heated to 70°C for 2 hours, and then siica was filtersd and washed with
3y 200 mi of IM nitric acid and 3 x 300 ml of D waler and died. The properties of
the resulting silica were recorded in Table 7 below.
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Yabie 7
Exampls Typse of Surface | Particle | Median | Average | %" Static
Shica Area Size Pors Pore Binding of
fmiig) {um} Size {A) | Volume Lysozyme
{ecig) {rmgfgy™
44 Silica Gea 287 54 250 11 .58 45
. Pracipitated
45 852 14 130 24 §7 124
Siiios
Air St Silca I R
48 248 47 218 18 0.58 73
Gl

*Measured by slemenizl analysis of dried sample. Higher number indicated higher amount of
sulonic acid
groups on the surface
*Measurad at pH 5 {80 mM citric acid buffen

As can be saeen from Table 7, the amount of sulfur on the surface of the particles
indicated surface functionalization was achisved and also that the funclionalized

material provided acceptable statio binding of lvsozyme.

Exsmpie 47
] in Example 47, the precipiiated silica in Example 45 is used, except

tha! the gverage particle size of the silica was 50 microns. 40 g of the silica were
treated with 4 g of vinyt silane and 4 g of spoxy silane using & procedurs described
in Example 1. The carbon number for the bonded material after the modification was
£.4%. Polymerizetion was camied out with 15 g of modified sllica, 12.8 g of
monomaer, 1.2 g of 2 monomer, 70 mg of initiater and 100 g of DI water as dons in

Examples 11-24. The carbon confert after the polymerization was 13.8%.

Examples 48 and 49

(G120 in Examples 48 and 48, epoxy porous resin (polymsthacrylate polymer
resin} panicles were used (Fig. 18).  Since the particles (50 um or 100 um average
particie size} have epoxy groups (they will be hydrolyzed o give diol groups in
anueous medial, only vinyl groups will be needed for the modification with

potymerization of Q polymers. Thus, 100 g of the particles were treated with 40 mi of
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aliviamine {avaliable from Aldrich) in 400 mi of NMP gt room temperaturs for 1 hour
and BO°C for 1 hour. After cooling down, the sample was filtersd and washed with 3
% 800 mi of DI water, followad by 500 mi of methanol, and dried in air overnight. The
nolymerization of 30 g of above modified resin was carried out with the procadure as
described in Example 11, As can be ssen from Table 8, both examples provided

acceptable static binding of BSA protein.

Table 8
$% from
‘ Static Binding of

_ Particle Size polymerization of Q ;
Base Particle BSA Protein {mgig)
MONGMers ‘

Cxample 48 &G 7.5 220
Example 49 166 | i B

[G121] While the invention has been described with a Hmited number of
embodiments, these spacific embodiments are not intended (o iimit the scope of the
invention as otherwise described and caimed herein. | may be evident {o those of
ordinary skill in the art upon review of the exemplary embodimenis herein that further
modifications, equivalents, ang variations are possibde. Al parts and percentages in
the axamples, as well as in the remainder of the specification, are by weight unless
otherwise specified. Further, any range of numbers recited in the specification or
claims, such as thal representing 2 particular set of properiiss, units of measwre,
conditions, physical siales o perceniages, s inlended (o Herally incorporats
expressly or otherwise, any number falling within such range,

including any subset of numbers within any range so reclled.  For example,
whenever 3 numerical range with a lower limit, By, and an upper limit Ry, is
disclosed, any number R falling within the range 8 specifically disclosed. In
particular, the folicwing numbers B within the range are specifically disclosed R =Ry
+ k{Ry R, where K is a varable ranging from 1% to 100% with a2 1% increment,
.., kis 1%, 2%, 3%, 4%, 5%. ... 50%, 51%, 52%. ... 5%, 86%, 87%, 58%, 98%,

or 100%. Moreover, any numsrical range represenied by any two values of K, as

40
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calculated above is also specifically disclosed. Any modifications of the invention, in
addition to thoss shown and described herein, will become apparent (o those skilled
in the at from the foregeing description and accompanying drawings.,  Such
modifications are intended to fall within the scope of the appended claims. Al

publications cited hersin  are incorporated by reference in their  entirsty.
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CLAIMS:

1. A chromatography media comprising:

porous silica particles having a functionalized surface, said porous silica particles having
(i) a median pore size of from about 300 Angstroms (A) to about 6000 A; (ii) a pore volume of
from about 0.5 cc/g to about 3.0 cc/g; and (ii1) a pore size distribution relative span of from about
0.8 to about 2.0, the pore size distribution relative span being defined as the ratio of (doo-di0)/dso,
wherein dio is the pore diameter below which 10% of the pore volume resides, doo is the pore
diameter below which 90% by pore volume resides, and dso is the pore diameter of which 50% of
the intraparticle pore volume resides, as measured by mercury porosimetry; and said functionalized
surface comprises at least one molecule having a molecular weight of from about 300 g/mol to

about 500,000 g/mol.

2. The chromatography media of claim 1, wherein the median pore size of said porous silica

particles is from about 500 A to about 6000 A.

3. The chromatography media of claim 1 or 2, wherein the median pore size of said porous

silica particles is from about 800 A to about 6000 A.

4. The chromatography media of any one of claims 1 to 3, wherein said porous silica particles

have a BET surface area of from about 20 m?/g to about 2000 m?/g.

5. The chromatography media of any one of claims 1 to 4, wherein the pore volume of said

porous silica particles is from about 1 cc/g; to about 3.0 cc/g.

6. The chromatography media of any one of claims 1 to 5, wherein said porous silica particles

have a median particle dimension of from about 10 um to about 120 pum.

7. The chromatography media of any one of claims 1 to 6, wherein said porous silica particles

have a median particle dimension of from about 10 um to about 90 um.

YY)
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8. The chromatography media of any one of claims 1 to 7, wherein said porous silica particles

comprise at least 93% by weight SiO2 based upon the total weight of the particles.

9. The chromatography media of any one of claims 1 to 8, wherein the at least one molecule

has a molecular weight of from about 500 g/mol to about 500,000 g/mol.

10.  The chromatography media of any one of claims 1 to 9, wherein said porous silica particles

have one or more ligands bonded to the functionalized surface.

11.  The chromatography media of claim 10, wherein said one or more ligands comprise
sulfonic acid, quaternary ammonium, diethyl aminoethyl, carboxyl methyl groups; synthetic dyes;
alkyl and aryl compounds; proteins: lectins; antibodies; antigens, enzymes, or combinations

thereof.

12.  The chromatography media of any one of claims 1 to 11, wherein the pore size distribution

relative span of said porous silica particles is from about 0.9 to about 2.0.

13.  The chromatography media of any one of claims 1 to 12, wherein the pore size distribution

relative span of said porous silica particles is from about 1.0 to about 2.0.

14. A chromatography media comprising:

porous silica particles having a functionalized surface, said porous silica particles having
(i) a median pore size of from about 300 Angstroms (A) to about 6000 A; (ii) a pore volume of
from about 0.5 cc/g to about 3.0 cc/g; (iii) a pore size distribution relative span of from about 0.8
to about 2.0, the pore size distribution relative span being defined as the ratio of (doo-di0)/dso,
wherein dio is the pore diameter below which 10% of the pore volume resides, doo is the pore
diameter below which 90% by pore volume resides, and dso is the pore diameter of which 50% of
the intraparticle pore volume resides, as measured by mercury porosimetry; (iv) a BET surface
area of from about 20 m?%/g to about 325 m?/g; and (v) a median particle dimension of from about
10 um to about 120 um; and said functionalized surface comprises at least one molecule having a

molecular weight of from about 300 g/mol to about 500,000 g/mol,
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wherein said silica particles comprise at least 93% by weight SiO2 based upon the total

weight of the particles.

15.  The chromatography media of claim 14, wherein the median pore size of said porous silica

particles is from about 500 A to about 6000 A.

16.  The chromatography media of claim 14 or 15, wherein the median pore size of said porous

silica particles is from about 800 A to about 6000 A.

17.  The chromatography media of any one of claims 14 to 16, wherein the pore volume of said

porous silica particles is from about 1 cc/g to about 3.0 cc/g.

18.  The chromatography media of any one of claims 14 to 17, wherein the median particle

dimension of said porous silica particles is from about 10 um to about 90 um.

19.  The chromatography media of any one of claims 14 to 18, wherein said porous silica

particles comprise at least 97% by weight SiO2 based upon the total weight of the particles.

20.  The chromatography media of any one of claims 14 to 19, wherein the at least one molecule

has a molecular weight of from about 500 g/mol to about 500,000 g/mol.

21.  The chromatography media of any one of claims 14 to 20, wherein said porous silica

particles have one or more ligands bonded to the functionalized surface.
22.  The chromatography media of claim 21, wherein said one or more ligands comprise

sulfonic acid, quaternary ammonium, diethyl aminoethyl, carboxyl methyl groups; synthetic dyes;

alkyl and aryl compounds; proteins; lectins; antibodies: antigens, enzymes, or combinations
thereof.

23.  The chromatography media of at one of claims 14 to 22, wherein the pore size distribution

relative span of said porous silica particles is from about 0.9 to about 2.0.
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24.  The chromatography media of any one of claims 14 to 23, wherein the pore size distribution

relative span of said porous silica particles is from about 1.0 to about 2.0.

25.  The chromatography media of any one of claims 1 to 24, wherein said functionalized surface
comprises (i) polymer chains covalently bonded to and extending from a particle surface of the silica
particles via a first set of functional groups of a first silane, the first set of functional groups enabling
polymerization of one or more monomers onto the particle surface via the first silane, and (ii) a second
set of functional groups covalently bonded to and extending from the particle surface via a second silane,

the second set of functional groups increasing a wettability of the particle surface.

26.  The chromatography media of claim 25, wherein said first silane comprises a vinyl silane and

said second silane comprises an epoxy silane.

27. The chromatography media of claim 25, wherein said polymer chains are formed from ionic

monomers.

28.  The chromatography media of claim 25, wherein said polymer chains are formed from (3-

acrylamidopropyl) trimethylammonium chloride or 2-acrylamido-2-methyl-1-propanesulfonic acid.

29. A chromatography device comprising:
a device housing; and
chromatography media positioned within said device housing, said chromatography media

comprising the chromatography media of any one of claims 1 to 28.

30. A method of making the chromatography device of claim 29, said method comprising the
steps of:

incorporating the porous silica particles into the device housing.

31. The method of claim 30, further comprising:

forming the device housing via a thermoforming step.
45
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32. The method of claim 31, wherein said thermoforming step comprises thermoforming a

tubular housing member, and at least one separate and attachable tubular housing member end cap.

33.  The method of any one of claims 30 to 32, further comprising:

validating the chromatography device via one or more validation tests.

34. A method of using the chromatography device of claim 29, said method comprising;
positioning the chromatography device within an operating position of a chromatography
system; and

processing a fluid through the chromatography device.

35.  The method of claim 34, wherein the fluid comprises one or more biomolecules.

36.  The method of claim 34 or 35, wherein the fluid comprises a protein, a peptide, an

oligonucleotide, an antibody, a virus, a vaccine, or any combination thereof.

37.  The method of any one of claims 34 to 36, wherein the chromatography device is replaced
with a replacement chromatography column, and the replacement chromatography column
comprises a chromatography device as defined in claim 29.

38. A method of using the chromatography device of claim 29, said method comprising;

providing the chromatography device to a user, said providing step comprising providing

a pre-packed and validated chromatography device to the user.
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