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AFFINITY CHROMATOGRAPHY MEDMA AND CHROMATOGRAPHY
DEVICES

FIELD OF THE INVENTION
[ooot} The present invention is direclted to chromatography media and

chromatography devices containing chromatography media, methods of
making chromatography devices, and methods of using chromatography
devices,

BACKGROUND OF THE INVENTION
G002} Affinily chromatography media generally comprises 3 solid

support having a bound Bgand capable of interacting with a target molecude or
molecutes,  Affinity chromatography is useful because the ligands deployed
o solid supports, such as beads, sre typically selective for the target
molecule.  This selectivity allows for good vield, as well as fast and
sconomical purification of target molecules.

{0003] Protein A of Staphylococous aursaus, or the recombinant profein A
having specific affinity o immunoglobulines, s g selective affinity Hgand which
binds most sub-classes of immunogiobuling (8.4, IgG), including monoclonal
antibodies (mAbs). Bovie, M. D P, and Reis, K. J., 1887, Bictechnology, &
897, Once immobilized onto 8 porous chromatography support such 83 3
resin, membrane or other media, Profein & s ussfuyl for purification and
commercial production of mAbs or polycional igh.

{00041 Performance of an affinity chromalography media may be
dgetermined by such factors as selectivity, effective mass transfer, binding
capacity and packed bed permeabiiity selectivity of the support. Optimization
of such performance characteristics are determined by a combination and
interplay of the base malrix properties, type of chemical modification used for
ligand attachment and ligand properties.

[0005] The most commonly used media supports are polymers of
carbohydrates such as beaded agarose. Thess malerials exhibit low none
specific protein binding, however, they are soft and compressible, and

therefore, limiled in use on 3 large scale.  Siica based solid supports do not
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suffer from many of the shorlcomings associated with agarose or other types
of polymeric supports.

{00087 Affinity madia based on porous silics, 8.g. controlled pore glass
{CPGY, have found some commercial utility dus to their high capacity and
suitable pressure-flow characteristics. In McoCue st al, 2003, Journst of
Chromatography A, 888(11138, controlled pore glass beads (86 to 100 ym
particle sizes) of two different pore sizes: 700 A and 1000 A were used for
protein A affinity madia solid support.  They found that larger siatic and
dynamic capacities were achieved with the smaller, 700 A pore size material,
and this was rafionalized as a result of the larger surface area and assodiated
higher Higand concentrations on the surface. Notably, it was a common belief
that porous silica based supports require a uniform pore siZe over a narrow
pore size distribution.  For example, Roberls et al (WO188008237) claimed
that porous glass with uniform pore size (La., the pore size distribution falls
within a narow range-80% of all pores having a diameter £10% from the
mean) is preferred for affinity support media.  Copan (EP(283834) also
defined narrow pore size rangs for its materials. SiHica gels having undefined
and bread pore size distribution were generally considered unsatisfaclory as
supports for affinity media.

[00GT] There is & need in the art to increase productivity and process
efficiency in affinity chromatography media and chromatographic operations

for the purification and production of biopolymers.

SUMMARY OF THE INVENTION
{0008} it has now been unsxpeciedly discovered that an a Protein A

based affinity chromatography media which comprises a porous inorganic
oxide support having a specified pors size disiribution and breath, in
combination with a specified linker density possess enhanced Protein A
dynamic binding capacity Tor mongcional antbodies {e.g. 1gG1) and good
selectivity, e low non-specific protein binding for undesired proteins. In
particularly, if was found that a silica based support having a non-uniform pore
size over a broad pore size distribution provided an affinity media having a

comparable Protein A dynamic binding capacity performance to prior known



WO 2015/109068 PCT/US2015/011555

Protein A affinity media comprising a controlled pore glass support having a
smaller particle size and a narow pore size distribution.  Advantageously, the
affinity media of the invention provide high binding capacity for mongcional
antibodies  with low non-specific protein binding while minimizing problems
associated with back pressure when used in a chromatography column.
1000g] Accordingly, the present invention provides improved silica
based chromatography media and chromatography devices containing such
chromatography media.  The disclosed chromatography devices snable a
more efficient, productive and/or environmesnially friendly chromatographic
operation dug to one or more of the following advantages over conventional
chromatographic operations: elimination of a device packing step by the user;
glimination of clean-in-place {CIP) steps; slimination of clean-in-place (CIF)
steps utilizing sodium hydroxide solution; slimination of any validation steps
by the user, and use of a chromatography device compriging biodegradable
material
{0014} in one exemplary embodiment, the chromatography media of
the present invention comprises porous inorganic particles having a median
pore diameter of from about 800 Angstroms (A} to about 1800 A a pore size
distribution relative span of at least abouwt 0.75; and a functionalized surface
comprising an average of from greater than 1.0 to about 3.0 linker molecules
per square nanomaeter of surface area of said porous inorganic particles.
{0011 In ancther sxemplary embodiment, the chromatography media
of the present invention comprises porous inorganic particles having a median
pore diameter of from about 800 A to about 1800 A, a pore size distribution
relative span of at least abowt 8.75; and a functionalized surface comprising a
protein covalently bonded to swrface portions of ssid porous inorganic
particles, sald protein having a molecular weight ranging from about 10,000 to
about 100,000 Dalton (D).
[0012] in another exemplary ambodiment, the chromatography media
of the present invenition comprises porous inorganic particles having an
average BET surface area of from about 20 m¥g to about 100 m%g; an
average pore volume of at isast about 1 mifg, a pore size distribution relative
span of at least about 0.75; a functionalized surface comprising an average of
from greater than 1.0 {0 about 3.0 linker molecules per square nanomster of
3
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surface area of said porous inorganic particles; and a protein covalently
bonded to at least some of sald linker molecules, said prolein having a
molecular weight ranging from about 10,000 to about 100,000 0.
013} The present invention iz also directed to methods of making
chromatography media or supporl.  In ong exemplary method, the method
of making chromatography media comprises forming porous inorganic
particles, whersin the porous inorganic parlicles have a median pore
diameter of from about 800 A to about 1800 A, and a pore size disiribution
relative span of at least about 0.75; and reacting surface portions of the
porous inorganic particles with at ieast one reactant %0 as o form &
functionalized surface comprising an average of from greater than about 1
o about 3 lHnker moleculesper square nanometer of surface area of the
porous inorganic psrlicles.  In another exemplary method, the method of
making chromatography media comprises forming porous  inorganic
particles, wherein the porous inorganic particles have a msdian pore
diarneter of from about 600 A to about 1800 A, and a pore size distribution
relative span of at least about 0.75, and reacting surface portions of the
porous inorganic parficles with at least one reactant so as to form a
functionalized swrface comprising a prolein covalently bonded to surface
portions of said porous inorganic particles, said profein having 8 molscular
weight ranging from about 10,000 fo about 100,000 D In ancther
sxemplary method, the method of making chromatography media comprises
forming porous inorganic particles, wherein the porous inorganic particles
have an average BET surface area of from about 20 m%g to about 100
méig, an average pore volume of at least about 1 milg, and a pore size
distribution relative span of af least about 075 and reacting surface
portions of the porous inorganic particlss with at least one reactant so as to
form a funclionalized surface comprising an average of from greater than
about 1 {o about 3 linker molscules per square nanometer of surface area of
said porous inorganic particles; and a protein covalently bonded to at least
some of said linker molecules, said profein having a molecular weight
ranging from about 10,000 to about 100,000 0.
0014 The present invention is further directed to chromatography
devices comprise a device housing; and chromatography media positioned
4
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within the device housing. In one embodiment, the chromatography device
comprises a device housing; and chromatography media positioned within the
device housing, whereln the chromatography media comprises porous
inorganic parlicles having a median pore diameter of from about 800 A to
about 1800 A; a pore size distribution relative span of at least about 0.78; and
a functionalized surface comprising an average of from greater than about 1
fo about 3 linker molecules per square nanometer of surface ares of sald
porous inorganic particles.
(G018 in another exemplary embodiment, the chromatography device
comprises a device housing, and chromatography media positioned within the
device housing, wherein the chromatography media comprises porous
inorganic particies having a median pore diameter of from about 800 A
about 1800 A; a pore size distribution relative span of at least about 0.75; and
a functionalized surface comprising a protein covalently bonded io surface
portiens of said porous inorganic particles, said protein having 2 molscular
weight ranging from about 10,000 to about 100,000 D
{0018} n yet another exemplary embodiment, the chromatography
device comprises a device housing; and chromatography media positionsd
within the device housing, wherein the chromatography media comprises
porous inorganic particles having an average BET surface area of from about
20 m¥g to about 100 m¥/g; an average pore volume of at least about | milg; a
pore size distribution relative span of at least about 075, a functionalized
surface comprising an average of from greater than about 1 o about 3 linker
maolscules per square nanomster of surface ares of said porous inorganic
paricles; and a profein covalently bonded o at leas! some of said linker
molecules, said prolein having a molecular weight ranging from about 10,000
o about 100,000 D.
{00171 The present invention is even further directed o methods of
making chromatography devices, In one sxemplary method, the method of
making a chromatography device comprises incorporating any of the hersin-
described chromatography media into 8 device housing. In some methods of
making a chromatography device, the msthod comprises incorporating
chromatography media infe a8 column housing formed from a polymeric
material, a metal material, a8 glass material, 8 ceramic material, or a
!
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composite thereof, and in some embodiments, a bicdegradable polymeric
material,

{0018] The present invention & even further directed o methods of
using any of the hersindescribed chromatography media  and
chromatography devices. in one exemplary method of using chromatography
media and chromatography devices, the method comprises positioning
chromalography media andior a chromatography device of the present
invention within an operating position of a chromatography system; and
processing a fluid through the chromatography media or the chromatagraphy
davice. In some embodiments, the method comprises processing a fluid
containing one of more biomolecules through the chromalography media or
the chromatography device when In an  opersting position of a
chromaiography system. For example, the fluid may comprise a protein, an
antibody, & peptids, an oligonuciectide, or any combination thereof,

[G019] These and other features and advantages of the present
invention will becoms apparent after a review of the following detailed
description of the disclosed embodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES
{0020] The present invention is further described with reference o the

appended figures, wherein:

{0021] FIG. 1 depicts a view of an exemplary chromatography device of

the present invention;

10022 FiG. 2 depicts a view of an exemplary chromatography system

comprising the chromatography column shown in FIG. 1

(0023 FIG3. 3 depicis a reaction scheme of an exemplary embodiment

of the chromatography media of the present invention;

[0024] FI3. 4 depicts a graph of pore size distribution of an exemplary

embodiment of the chromatography media of the present invention;

10025} FIG. 8& depicts a graph of non specific binding versus linker

densily of an exemplary smbodiment of the chromotography media of the

invention used in Examples 1-8;

(80261 FIG. 88 depicts a graph of dynamic binding capacity versus

binder density of an axemplary embodiment of the chromatography media of
6
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the invention used in Examples 1-8;

{00271 FIG B0 demostrates the change of non specific binding and
dynamic binding capacity with regards to surface lnker densily used in
Examples 1-8;

{002g] FI3. 6 depicts a comparison of pore size distributions for silica
used in Examples 9-12; and

e FIG. ¥ depicts a comparison of pore size distributions for silica
usad in Example 10 and in Comparative Example 4.

DETAILED DESCRIPTION OF THE INVENTION
{00301 To promote an understanding of the principles of the present

vention, descriptions of specific embodiments of the invention follow and
specific language s used {o describe the specific embodiments. I will
nevertheless be understond that no limitation of the scope of the invention is
infendad by the use of specific languags. Alterations, further modifications,
and such further applications of the principles of the present invention
discussed are confemnplated as would normally ocour fo one ordinarily skilled
in the art to which the invention pertains.

{0031 it must be noted that as used herein and in the appended
claims, the singular forms "a", "and”, and "the" include plural referents uniess
the confext clearly dictates otherwise. Thus, Tor example, reference to "an
oxide" includes a plurality of such oxides and reference to “oxide” includes
reference o one or more oxides and squivalents thersof known o those
skilled in the art, and so forth.

10032) *Aboutl™ modifying, for example, the guantity of an ingredientin a
composition, concentrations, volumes, process temperaturss, process times,
recoveries or vields, flow rates, and like values, and ranges thereof, employed
in describing the embodiments of the disclosure, refers to variation in the
numerical quantity that may cccur, for example, through typical measuring
and handling procedures; through inadvertent error in these procedures;
through differences in the ingredients used {o carry out the methods; and like
proximate considerations. The ferm "asboul” alse encompasses amounts that
differ due to aging of a formulation with a particular initial concentration or
mixture, and amounts that differ due fo mixing or processing a formulation

7
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with a particular initial conceniration or mixture. Whether modified by the term
"about” the claims appended hereto include equivalents o these quantities,
I0033] As ysed herein, the term "biomolecule” means any molecule that
is produced by a living organism, including large molecules such as protsins,
polysaccharides, lipids, and nucleic acids; and small molecules such g
primary metabolifes, secondary metabolites, and natural products. Examples
of biomolecules include cells and cell debiis; antibodies, proteins and
peptides; nucisic acids, such as DNA and RNA: endotoxing; viruses; vaccines
and the lke. Other examples of blomolecules include those recited in WO
2002/074791 and UL.8. 5,451,860,
[0034] As used herein, “inorganic oxides’ is defined as binary oxygen
compounds whers the inorganic component is the cation and the oxide is the
anion. The inorganic material includes metals may alse include meialivids,
Metals include those elements on the left of the diagonal line drawn from
boron to polonium on the periodic table. Metalicids or semiimetals include
those elements that are on the right of this line. Examples of inorganic oxides
include silica, alumina, titania, zirconia, etc., and mixtures thereof.
0035] As used hereln, "porous inorganic particles” includes particles
comprised of inorganic materials, or combinations of inorganic materials {s.g.,
metals, semi-metals, and their alloys; ceramics, including inorganic oxides;
sto.) and organic materials {(e.9., organic polymers), such as composile
matetials, which ars heterogeneous or homogenacus in nature. For extample,
heterogenecus composite materials include mere mixtures of materials,
layered materials, corg-shell, and the like. Examples of homogensous
composite malerials  include  alloys, organic-inorganic  pelymer  hybrid
materials, and the lke. The particles may be 3 varety of different
symmetrical, asymmetrical or irregular shapes, including chain, rod or iath
shape. The parlicles may have different structures including amorphous or
crysialling, stc. The parlicles may include mixtures of particles comprising
differant compositions, sizes, shapes or physical structures, or that may be
the same except for different surface treatments. Porosity of the particles
may be intraparticle or interparticle in cases where smaller particles are
agglomerated to form larger particles. In one exemplary embodiment the
parficles are composed of inorganic materials such as inorganic oxidss,
&
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sulfides, hydroxides, carbonates, sllicates, phosphates, elc, but are preferably
inorganic oxides. which may be formed via any known process including, but
not fimited o, solution polymerization such as for forming colloidsl particles,
continuous flame hydrolysis such as for forming fused particles, gelation such
as for forming gelled particles, precipitation, spraying, femplating, sol-gel, and
the like.
{0038} As used hersin, the ferm "ordered porous material” refers o
porous particles that have structural order with a very namow pore size
distribution such that the pore size distribution has a relative span, as defingd
herein, of less than 0.5,
{0037] As used hergin, the term "non-ordersd porous material” refers to
porous particles possessing a pore size distribution that is not uniform {ie., a
very broad pore size distribution that is multimodal in nature} such that the
pore size distribution has a relative span, as defined herein, of greater than
0.5
{0038] As used herein, the term “functionslized surface” means
inorganic particles that have been surface meodified by reaction with af lsast
ogne functional compound 1o aiter the weltability or selectivity of at least a
portion of the parlicle surface, including the surface area on he extemnal
portion of the particles, and/or on the swrface area of the internal pores. The
functionalized surface may be used to form a bonded phase {covalently or
ionically), a coated surface (e.g., reverse phase C18 bonded), a clad surface
{e.q., carbon clad as in EP8), a polymerized surface (8.g., ion exchangs), an
inherent surface {e.g., inorganicforganic hybrid material), or the like. For
example, reacling inorganic particles with octadecyltrichiorositane forms &
‘reverse phase’ by covalently bonding the silane {o the inorganic surface. In
ancther  example, reaction of the inorganic  parlicles  with
aminopropyitrimethoxysilans followed by cuaternization of the amino group
forms an “anion exchange phase’. In a third example, a bonded phase may
be Jormed by resction of the  inorganic  particles  with
aminopropyitrimethoxysilane followed by formation of an amide with an acid
chioride. Other bonded phasses include diol, cyano, cation, affinily, chiral,
amino, G4, C8, hydrophilic interaction {HILIC), hydrophobic interaction (HIC),
mixed mode, size exclusion, efc. As part of the bondsd phase or
g



WO 2015/109068 PCT/US2015/011555

functionalized surface, a ligand may be used 10 show specific inferaction with
the targst molecule or biomolecule {e.g., ligate), such as those set forth in
U.S. 4,895,808
{0038 As used hersin, the term “lnker molecule”  or "linker” is used
hersin interchangeably to define a molecule altached to a surface of the
porous inorganic particles, wherein the molecule enables attachment of other
molecules, such as a biomolecule, o the surface of the porous inorganic
particles via the linker molacule.
{0040} As used herein, the term “molecular weight” is defined as
meaning the molar mass of a single molecule of a particilar compound or
polyrmer.
{0041} As used hersin, the term “chromatography” means the process
of passing a mixiure dissclved in a mobile phase through a siationary phase
{i.e., chromatography media) housed in a8 column or carlridge or other
container, which separates a target molecule from other molecules i the
mibxture and allows # 1o be isclaled.  Depending upon the typs of
chromatography used, the larget moiecule may be adsorbed onto the
stationary phase while the undesired components are passed through the
dovice, or vice versa.  The term “Hquid chromatography” is a8 form of
chromatography where a liquid is used as the mobile phass and a solid or a
liquid on a solid support as the siationary phase.  The term “flash
chromatography” means liguid chromatography that is conducted under &
positive pressure {e.g., up to 300 psl). The lerm “high performance lquid
chromatography” (HPLC) means lguid chromatography that is conducted
under a high positive pressure {e.g., up to about 5000 psi). The term
“‘preparatory chromatography” means HPLC for the isolation and purification
of a targst compound or molecule.  The term “fast prolein liguid
chromatography” (FPLCY s a form of HPLC useful for the separation of
biomolecules.
{00423] As used hersin, the term “impurities” msans materials present in
the inorganic particles, other than the inorganic.
[0043] Az used herein, the term “irreguiar” as it applies {o the inorganic
particles means that the particle shape from one particle to the next is not
uniform (L.e., random particle shape) with an aspect ratio of greater than 1.0,
14
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{0044] As used herein, the term “housing” means vessel or container
for holding a stationary phase for use in chromatography, and includes
cartridges, columns, ubes, devices, beds, bags, and the like.

{0048] As usad herein, the term “stationary phase” or “chromatography
media” or “chromatography support” means a material that includes =
functionalized surface (g.g., ligands attached to the surface of the inorganic
particles via some funclional group) that shows different affinities for different
components i a sample mixture, which is used in chromatography fo
separate a targst moleculs {&.g., ligates) from a mixture of one or more cther
molecules.  Stalionary phases include orgsnic and inorganic materials, or
hybrids thereof, and may be in the form of particles, monuoliths, membranes,
coatings, and the like.

{0048} As used herein, the tenm ‘pore size distribution” means the
refative abundance of sach pore size in a representative volume of porous
inorganic particles.

{0047] As used herein the ferm "median pore diameter” (da) Is used to
mean the middie point for pore diameter at which 50% of pore volumes are
contributed from pores having a smaller pore diamster than the middie point
diameter and 50% are contributed from pores having a larger diamster than
the middie point diameter,

{0048] As used herein the term "pore volume” is defined as the volumse
of a liguid which is adsorbed inte the pore structure of the sample at
saturation vapor pressure, assuming that the adsorbed liauid has the same

density as the bulk density of the liquid. The mercury measursment of the

pore volume and the pore size distribution of the porous inorganic particles in
the present invention may Dbe oblained using any suitsble mercury
porosimeter capable of 3 pressure range of almospheric pressure to sbout
4100 bar, with a coniact angle, 8 = 140°, and a mercwry surface tension of
485 dynesiom at 25.2°C (Mg density at such temperature is 13.8335 g/mi).

049 As used herain, the term “relative span’ is defined as 3 measure
of the breadth of pore size distribution. The “span” is measured by
sublracting the dip pore size (Le., the pore size/diamster below which 10% of

the pore volume resides) from the dgg pore size {i.e., the pore size/diameter

i1
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balow which 80% by pore volume resides) as measured by mercury
porosimetry. The term ‘relative span’ is defined as the ratio of {deg-tho)dse.
{0050 The term “swface area” as used herein is determined by BET
surface area analysis. The BET method of measwing surface area has been
described in detall by Brunauer, Emmet! and Teller in J. Am. Chem. Scc. 80
{1838} 308-318, which is incorporated hersin by reference.

100513 Az used hersin the term “dynamic binding capacity” as it relales
to a chromatography media is used herein o indicate the amount of target
protein the medis will bind under flow condiions before significant
breakthrough of unbound protein ocours. In practice, the chromatography
madia is packed info a column or a cartridge and a sclution of the targst
protein in low lonic strength buffer is running through the column. Unbounded
protein will start {o come out of the column once the binding of protein onto
the media has reached iks maximal capacity. A breakthrough curve will be
generated and under the same conditions, the longer time it {akes for the
protein to start the breakihrough, the higher binding capacity the media has.
{6082 As used hersin the term “nonspscific protein binding” is used
hergin fo indicate that impurty proteins bind ontoe affinity media due to
nonspecific interactions, this binding is undesired and would reduce the
binding capacity of desired proteins such as IgG In the case of Protein A
chromatography and would alse lead fo the presence of higher amount of
impurities in the chromatography products after all the proleins are sluted in
the slution step. One of the common causes of nonspecific binding is the
iferactions of proteing with other types of functional groups on the medis
{auch as unreacted, sxposed silanol groups on silica surfacs).

[0053] The present invention is directed to chromatography media, and
chromatography devices, such as chromatography columns.  The present
invention is further directed 1o methods of making chromatography media and
chromatography columns, as well as methods of using chromatography
columns. A description of exemplary chromatography media, exemplary
chromatography columns, methods of making chromatography media and
chromatography columns, and methods of using chromatography media and

chromatography columns is provided below.
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{0054] FiG. 1 provides a view of an exemplary chromatography column
100 of the present invention. As shown in FIG. 1, exemplary chromatography
column 108 comprises a column housing 180, and media bed space 151
positioned within column housing 188 In some embodiments, media 18t
comprises porous inorganic particles having a median pore diamster of from
about 800 A to sbout 1800 A, & pore size distribution relative span of at isast
ahout 0.75; and a funclionalized surface comprising an average of from
greater than about 1 fo about 3 linker molecules per square nanometer of
surface area of said porous inorganic particles. in some embodiments, media
151 comprises porous inorganic particles having a2 median pore diameter of
from about 600 A fo about 1800 A; a pore size distribution relative span of at
least about 0.75; and a functionalized surface comprising & profein covalently
bonded to surface portions of said porous inorganic particles, said profein
having a molecular weight ranging from about 10,000 {0 about 100,000 D, In
some smbodiments, media 181 comprises porous inorganic particles having
an average BET surface area of from about 20 m%g to about 100 m¥fg; an
average pore volume of at ieast about 1 midg; a pore size distribution relative
span of at least about 0.75; & functionalized surface comprising an average of
from greater than about 1 to about 3 linker molscules per square nanomster
of swrface area of said porous inorganic particles; and a protsin covalently
honded 1o at least some of said linker molecules, said profein having a8
molecular weight ranging from about 10,000 {o about 100,000 D

[0055] As further shown in FIG. 1, column housing 180 typically
comprises a tubular housing member 188, a first tubular housing member end
cap 182, & second tubular housing membser end cap 183 opposite end cap
452, a column inlet 184, and 2 column outlet 188, The column 180 may be
packed with porous inorganic particles in the form of a slurry through oolumn
infet 154, the column inlet comprising a central bore 187 having a
passageway thersin, and nozzie 458 A wide range of nozzles may be used
which facilitate the distribution and sven packing of shurry within the bed
space. Filters 159 are sach positioned on the inferior face of the end caps
152, 183 and act with the tubular member 186 o define the bed space 1584
ardd also o prevert leakage of particulate medium from the bed space 181 A
distribution channel 180 is located transversely across the face of the first end

13
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cap 182 andfor second end cap 183, and is in fluid communication with filler
188, The fiuid distribution channel 180 acts o faciiitate radial distribution of
the lguid. In a simple form, the distribution channel 188 comprises at least
one circumferential and/or radial groove in the face of the first and/or second
end caps 182 and 183. The groove is positioned such that it effects the
circurnderential andior radial distribution of liquid emanating from nozzle 188
of inlet 184, U will be understond that a wide range of column capacities is
possible, typically ranging from 0.1 o 2000 Hlers, and 0.1 to 100 liters when
using the column as a disposable column. Bses also U8, Palent Application
Publication Mo, 2008/0017578, the enfire subject matter of which is hereby
incorporated herein by refsrence in iis entirety,
{0058] Column housing 158 may be formed from a variety of materials.
Typically, column housing 180 comprises a polymeric materal, a melal
material, 8 glass material, a8 ceramic materal, or a compaosiie thereof, and in
some desired embodiments, comprises a biodegradable polymeric material,
Suitable polymeric matsrials for forming column housing 158 include, but are
not limited to, any synthetic or semi-synthetic organic solid, such as plastics
that are moldable, including polyolefins. Suitable metal materials for forming
column housing 150 include, but are not limited o, stainless stesl.
00871 Column housing 180 may be formsd using conventional
thermoforming techniques. For example, tubular housing member 188, first
tubular housing member end cap 152, and second tubular housing member
end cap 183 of column housing 188 may sach independently be formed via a
molding step.  In some embodiments, tubular housing member 188 and one
of {i} first whbular housing member end cap 182 and (i sscond tubular
housing member end cap 183 of column housing 180 are formed via a single
molding siep {iL.e., one of the end caps is integrally formed on one end of
fubular housing member 158).
{0088] As discussed above, media 151 positioned within column
housing 158 may comprise porous inorganic particles having a median pore
diameter of from about 800 A to about 1800 A In some embodiments, the
porous inorganic particles have a median pore diameter of from about 800 A
to about 1500 A {or any value between, and including, 1000 A and 1300 A in
increments of 1.0 A {e.g.. 1280 A). In still some embodiments, the porous
i4
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inorganic particles have a median pore diameter of from about 1000 A to
about 1300 A or any range of values between, and including 1000 A o about
1300 A { e.g. from about 1080 A to about 1280 A).
{0058 The porous inorganic particles fypically have a pore volume, as
measured by Hg porosimetry, of at lsast about 0.9 mifg, or af lsast 1.0 midg.
in one exemplary embodiment of the present invention, the porous inorganic
particles have a pore volume, as measured by nitrogen porosimetry, of from
about 1.0 mifg to sbout 3.0 milg. In another sxemplary embodiment of the
presant invention, the porous inorganic pardicles have a pore volume, as
measured by Hg porosimetry, of from about 1.0 mifg to about 2.0 ml/g.
100607 The porous inorganic particles may have a pore size distribution
such that generally at least 40% of the {otal pore volums have pores in g
diameter betwean about 800 A o about 1800 A In one embodiment, from
about 40% {0 about 80% of the total pore volume have pores in a diameter
between about 800 A to about 1800 A,
oas1] in a preferred embodiment, af least 20% of the tofal pore volume
have pores in a diameter ranging from about 1000 A to about 1800 A In
another embodiment, from about 20% {0 about 80% of the total pore volume
have pores in a diameter between about 1000 A to about 1800 A,
{0062] In another embodiment, at ieast 15% of the total pore volume
have pores in a diameter betweeni200 A fo about 1500 A In other
smbodiments, about 15% 1o about 30% of the total pore volume have pores in
a diameter between about 1200 A to about 1500 A
10063] The porous inorganic particles may have a relative span with
regard {0 pore size distribution of at least about 0.8, or at least about 0.8, or at
i@ast about 1.0, or at least about 1.1, or at least about 1.2, or at least about
1.3, or at feast about 1.4, or at least sbout 1.5 In some embodiments, the
porous inorganic paricles have a relative span with regard to pors size
distribution of at least sbout 0.8, or at lzast about 0.9, or at lzast sbout 1.0, or
at least about 1.1, or at least abowt 1.2, or at least about 1.3, or at lsast about
1.4, or at least about 1.5, all up 1o about 2.0,
(0084} The porous inorganic particles typically have a particle size, as
measured by light scaftering measurements ranging from about 1 micron
{um} to about 150 um. The porous inorganic particles typically have median
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particle size of at least about 1 pm, more typically, less than about 120 ym. In
some embodiments, the porous inorganic particles have an average particle
dimension of from about 10 to about 120 um, more desirably, from about 30 to
about 120 ym. in other embodiments, the porous inorganic particles have an
average particle dimension of from about 50 to about 80 um. In ons desired
embodiment, the porous inorganic particles have an average particle
dimension of abouwt 70 um.
{0085] The porous inorganic particles typically have an irreguiar shape,
but may have any shape {8.g., spherical, elliptical, etc). Regardiess of
shape, the porous inorganic particles typically have an averags particle
dirmension as discussed hersin,
[aosa] The porous inorganic particles typically have an aspect rafio of
at least about 1.0 as measured, for sxample, using Transmission Electron
Microscopy (TEM) techniques. As used herein, the term “aspect ratio” is ussd
to describe the ratic betwesen (i} the average particle dimension of the porous
inorganic particles and {ii) the average cross-sectional particle dimension of
the porous inorganic particles, wherein the cross-sectional particle dimension
is substantially perpendicular to the largsest particle dimension of the porous
inorganic particles.  In some embodiments of the present invention. the
porous inorganic particles have an aspect ratio of at least about 1.1 {or at
least about 1.2, or af least about 1.3, or at least about 1.4) up {o about 5.0,
Typically, the porous inorganic particles have an aspect ratio of from about
1.0to about 1.5,
{30871 The porous inerganic parlicles may also have a surface area, as
meaasured by the BET nilrogen adsorption method {.e., the Brunauer Emmet
Teiler method), of at least about 10 m%g, or at least about 20 m¥/g, or at least
about 25 m¥g, or at least about 30 m%g. In one exemplary embodiment of
the present invention, the porous inorganic oxide particles have a BET
surface area of from about 20 m¥g to about 200 m¥fy, or from 25 m¥%g o
about 150 m%g or from about 30 m%g to about 100 m%g.  In a further
exemplary embodiment of the present invention, the porous inorganic oxide
particles have a BET surface area of from about 20 m%g to about 500 m¥g, or
from about 20 m¥g to about 200 m¥%g, or from about 20 m%g to sbout 100
mg.
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[Gosa] The porous inorganic parlicles may comprise a varsly of
inorganic materials including, but not limited 1o, silica, alumina, zirconia, or
mixtures thereof. In one desired embodiment, the porous inorganic particles
comprise silica. When the porous inorganic particles comprise silica, the
particles desirably comprise silica having a purity of at least about 83% by
waight SiQy, or af least about 83% by weight SiQ,, al least about 84% by
weight SO, at least about 85% by weight Si0y, at least about 88% by weight
5i0,, at lsast about 97% by weight SiQ,, or at least about 88% by weight 5IO;
up o 100% by weight Si0; based upon the olal weight of the particle.

{008%] The present invention is also directed to methods of making the
herein-described chromatography media.  In one exemplary method, the
method of making chromatography media comprises porous inorganic
particles, whersin the porpus inorganic particles have & median pore diamster
of from about 800 Angstroms (A) to about 1600 A, and a pore size distribution
relative span of at least about 0.78; and reacting surface portions of the
porous inorganic parlicles with at least one reactant so as v form a
functionalized surface comprising an averags of from greater than about 1 o
about 3 linker molecules per square nanometer of surface area of the porous
inorganic particles.  In ancther sxemplary method, the method of making
chromatography media comprises forming porous inorganic parlicles, wherein
the porous inorganic particles have a median pors diameter of from about 840
Ato about 1800 A, and a pore size distribution relative span of at least about
0.75; and reacling surface porions of the porous inorganic particles with at
least one reactant so as to form a funclionalized surface comprising a protein
covalently bonded o surface portions of said porous inorganic particles, said
profein having a molecular weight ranging from about 10,000 o about
100,000 0. In yvet another exemplary method, the method of making
chromatography media comprises forming porous inorganic particles, whersin
the porous inorganic parlicles have an average BET surface area of from
about 20 m/g to about 100 m¥g, an average pore volume of at least about 1
mig, and & pore size distribution relative span of at least about 0.78, and
reacting surface portions of the porous inorganic particles with at least one
reactant so as to form & functionalized surface comprising an average of from
greater than about 1 o about 3 linker molecules per square nanomaeter of
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swiace area of said porous inorganic particles; and a protein covalently
bonded io at least some of said linker molecules, said protein having a
maolecuiar weight ranging from about 10,000 to sbout 100,000 D.

10070} The porous inorganic patdicles may be prepared from a variety
of porous inorganic materials.  In some embodiments, the porous inorganic
particles comprise porous precipifated inorganic oxides, inorganic oxide gels
and fumed oxides.

{007 1] In embodiments comprising gels, the parent pardicles are
derived from porous inorganic oxide gels such as, but not mited to, gels
comprising Si0;. The gels can be hydrogels, aerogels, or xerogsls. A
hydrogel is also known as an aquagel, which is formed in water and as a
resull its pores are filled with water, A xsrogel is a8 hydrogel with the water
removed. An asrogel is & type of xerogel from which the Huuid has been
removed in such 2 way as to minimize any collapse or changs in the gel's
structure as the water is removed,

(G072} Gels are well known in the arl.  See Her's "The Chemistry of
Silica", p. 4682 (1878). Gel, s.g. silica gel, particles are distinguishable from
colloidal silica or precipitated silica particles.  For exampls, colioidal silica is
prepared as a shury of dense, non-porous sifica particles.  Colloidal silica
particles typically are smaller than 200 nm (0.2 micron). As mentioned sarlier,
these particies do not have internal porosity.  On the other hand, typical
dispersed precipitated particles have some intermnal porosity.  In some cases,
the intemal porosily in typically precipitated parlicles, however, largely
collapse under capiliary pressure crealed by receding menisci of waler as the
water evaporates during drving. The conditions for making colloidal silica and
precipitated silica are well kKnown.

{0073} Gels, on the other hand, are preparad under conditions which
promote coalescence of primary particlss (fypically having median particles
sizes of about 1 1o about 10 nm, as measured under transmission slectron
microscopy. La., TEM) to form a relagtively rigid three dimensional network.
The coalescence of gel is exhibited on g macroscale when a dispsrsion of
inorganic oxide, e.g., silica, hardens to a "gel” or "gelled” mass having
structural integrity.
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{0074} Methods of preparing inorganic oxide gels are well known in the
art. For example, g silice gel is prepared by mixing an agusous solution of an
aikali metal silicate {e.g., sodium silicate) with a strong acid such as nitric or
sulfuric acid, the mixing being done under suitable conditions of agitation to
form a clear sifica sol which sets into a hydrogel, Le., macrogel, in less than
about one-half hour. The resulting gel is then washad. The concentration of
inorganic oxide, Le., Si0;, formsd in the hydroge! is usually in the range of
about 10 and about 50, preferably between about 20 and sbout 38, and most
preferably between about 30 and about 35 weight percent, with the pH of that
gel being from about 1 to about 8, preferably 1 o about 4. A wide range of
mixing temperatures can be emploved, this range being typically from about
20 o about BOMC.

I0078] The newly formed hydrogels are washed simoly by immersion in
a continuously moving stream of water, which leaches oul the undesirable
salls, leaving about 98.5 weight percent or more purs inorganic oxide behind.
aa76] The pH, temperature, and duration of the wash water will
influence the physical properties of the silica, such as swface area (SA) and
pore volume (PV). Silica gel washed at 65-80°C at pH's of 8-8 for about 15 {0
about 38 hours will usually have SA's of about 250 to about 400 m%g and
form aerogels with PV’s of about 1.4 to about 1.7 mifg. Silica gel washed at
pH's of 3-8 at about B0 to about 65°C for about 15 to about 25 hours will have
SA's of about 700 to about 850 m*/g and form asrcgels with PV's of about 0.6
to about 1.3 mlig. These measuremenis are generated by the well known N
porosity method. Hydroge! is dried by blowing air at a temperatures ranging
from 100 to 180°C through the hydrogel bed until the moisture in the gel is
less than about 20%, preferably less than about 10%, and more preferably
less than about 5% by welght Processes for making xerogels may be found
in U.8. Patents Nos. 8,585,905 and 5,622,743,

(00771 Reinforced precipitated silica such as that described in US
Patent No. 4,157,820 can alse e used {0 prepare the chromatography media
of the present invention. The contents of that palent ars incorporated herein
by reference. For example, reinforced precipitated silicas can be prepared by
first acidulating an atkall inorganic silicate to create an initial precipiiate. The
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resulting precipitate Is then reinforced or "post conditioned” by additional
sHicate and acid. The precipitate resulling from the second addition of silicate
and acid comprises 10 to 70% by weight of the precipitate initially prepared. i
is believed that the reinforced structure of this precipitate is more rigid than
conventional precipiiates as a result of the second precipitation. it is belisved
that sven after milling, centrifuging and subseguent drying, the reinforced
silicate substantially maintaing ifs network rigidity and porosity. This is in
contrast to other precipitated sificas such as those disclosed in UG, Patent
5,030,288,
o078 in ancther embodiment, the inorganic oxide comprises fumed
sifica. Fumed silica may be fabricated using the processes described in BE
762723, Production of fumed silica is aiso discussed in Ullmann's
Encyciopedia of industrial Chernistry, Vol AZ3, 18983, Chapter 8.
{00791 Onee the porous parlicles are formed, they are then milled. The
general milling conditions can vary depending on the fesed material, residence
fime, impelier spesds, and milling media particle size. These conditions can
be varied to oblain the desired size within the range of about 1 to about 120
microns.  The {echniques for selecling and modifying these conditions o
obtain the desired particle size are known to those skilled in the art. The
miiing egquipment used to mill the porous inorganic oxide particles should be
of the type capable of seversly milling and reducing materials to particles
having sizes about 1 {0 about 120 microns, &.g., through mechanical action.
Such mills are commercially available, with hammer and sand mills being
particularly suitable for this purpose. Hammer mills impart the necessary
mechanical action through high speed mets! 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 particie
size by impact of the inorganic oxide with metal blades. Other suitable mills
for use in this invention include, but are not imited to, the Alr Classifying Mill
{ACM) or the Fluid Energy Mill (FEM).  The milled inorganic oxide pariicles
may be classified using an alr classifier if not performed dwing the milling
DIOCESS,
{00803 in one embodiment of the present invention, the milled porous
inorganic particles are then treated hydrothermally st about 100 o about
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A00°C for about 2 to about 20 hours and at a pH of about 8 o about 10
Alternatively, the hydrothermal trealment may be conducted as set forth in
.S, Patents. Nos. 5,978,479 4,732,887 and 4,104,383, The conditions of
the hydrothermal treatment affect the pore volume, surface area, pore size
and structural integrity of the particles.

{0081] The porous inorganic oxide particles may be surface modified
{i.e., functionalized} sc as to seleclively enhance bonding of a desired
material {0 the inorganic oxide particle surface. For example, the porous
inorganic oxide particies may further compriss a surface chemistry in the form
of one or more chemical moisties bonded thereto so as o selectively bond (o
one of more maierials within a given fluid processed through, for example, a
chromatography column, which is referred to hersin as a functionalized
surface. Chemical molsties such as bifunclional ligands, ste. may be bondsd
{0 the particle surface, for example, as described in U.S. Patent No. 7,168,213
assigned o W. R Grace & Co-Conn., the subject matlter of which is
incorporated hersin by reference in #s entirety.  In one smbodiment, this
stationarydbonded phase, or chromatography media, includes an active group
or ligand as part of the functionalized surface of the particle, and is typicaliy
covalently bonded to the pariicle via some linkage. The ligand may be any
chemical species that shows specific interaction with another molecular
component, in this case, the target biomolscule. Known ligands includs, but
are not limited to, charged groups {such as sulfonic acid, guarternary
ammaonium, disthyl aminosthyl, carbomgy methyl);, synthetic dyes; alkyl and
aryt compounds {such as pheny! boronate, octvl), proteins, lecting,; antibodies;
antigens, enzymes and so on.  Ligates, that is compounds which can be
separated by chromatographic fechniques, include a wide rangs of
biomolecules such as profeins, enzymes, peptides; antibodies;, antigens;
lecting; DNA; RNA; antibiotics; efe.

[0082] in one smbodiment of the present invention, the method of
making chromatography media comprises reacting surface portions of the
porous inorganic particles with at least one reactant so as to form a
funclionalized surface. In one embodiment, surface portions of the ingrganic

oxide particles are treated with 3 silane 80 as o provide a functionalized
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surface comprising a reaction product resulting from a reaction between (i)
hydroooyl groups {e.g., sfano! groups) on the porous inorganic particles and (i)
the silane s0 as to provide an average of from greater than about 1 fo about 3
linker molecules per sguare nanometer of surface area of sald porous
inorganic  particles. In some embodiments, the method of making
chromatography media comprises reacting surface portions of the porous
inorganic particles with at lsast one reactant so as to form a funchionalized
surface, wherein the at least one reactant comprises an epoxy silane. See,
for example, FIG. 3. The resulling functionalized surface comprises 3
regction product resulting from a reaction betwsen hydroxy! groups on the
porous inorganic particles and an epoxy silane. In one desired embodiment,
the method of making chromatography media comprises reacting surface
portions of the porous inorganic particles with at least one reaclant so as o
form a functionalized surface, wherein the at least one reactant comprises an
epoxy silane comprising (3-glvcidyloxypropyl} trimethoxysilane. In this
embadiment, the resulting functionalized surface comprising a reaction
product resuiting from a reaction betwesn hydroxyl groups on the porous
inorganic particles and (S-glycidyioxypropyl) frimethoxysitans.

{0083 in another embodiment of the present invention, the
functionalized surfaces of the porous inorganic particles comprise a digl. In
this embodiment, the method of making chromatography media may comprise
converting at least one funclional group {(epoxy ring) on the silane o two
hydrosgyl groups 80 as o form a2 dinl See, for example, FiG. 3. In this
gmbodimant, the resulting functionalized surface desirably comprises {§) a diol
and (i} unreacted hydroxyt groups on the porous inorganic particles.  For
example, in some embodiments, the surface dicl group present in an amount
ranging from about 30 to about 150 umollg (or any amount between, and
including, 30 and 150 pmoldg, in increments of 1.0 umolig, or any range of
amounts between, and including, 30 and 150 umollg, &.g., from about 32 to
about 45 ymolg) of the porous inorganic particles. In some embodiments, the
surface diol group present in an amount ranging from about 50 to about 100
umoifg of the porous inorganic particies,

{00841 in  another embodiment of ihe present invention, the
functionalized swifaces of the porous inorganic particles comprise an
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aldshyde. In this embodiment, the method of making chromatography media
may comprise forming af least one diol group on the surface of the sllica using
the method as mentioned herain above, converting at least one diol to an
aidehyde group, reacting st least one aldshyde group with at least one free
aming group on the desired protein to form an imine group and reducing the
imine group to an amine. See, for example, FIG. 3.

{0088] in yeot another embodimant of the present invention, ths
functionalized surfaces of the porous inorganic particles comprise g protain
covalently linked to the surfaces of said porous inorganic particles {a.g., via &t
least some of the linker molecules). In these embodiments, the method of
making chromatography media may further comprise covalently bonding a
protein o the funclionalized swface via the amine group. See, for exampls,
FIG. 3. The resulting funclionalized surface desirably comprises (i) a protein
covalently linked o surfaces of the porous inorganic particles and (i)
unreacted hydroxyl groups on the porous inorganic pariicles. In one desired
embodiment, the method of making chromatography media comprises
comprise covalently bonding recombinant Protein A (fProf) to the
functionalized swrface via the amine group. The resulting funclionalized
surface comprises recombinant Protein A (rProd) covalently linked to surfaces
of the porous inorganic particles. When present, the protein is typically
present in an amount ranging from about 4.0 to about 18 mg/mi of the porous
inorganic paricles. In one desired embodiment, the profein is present in an
amount ranging from about 5.0 o about 12 mg/mi of the porous inorganic
particles.

{00886} Generally, the above-described chromatography media of the
pressnt invention has a funclionalized surface comprising an average of from
graater than about 1 o about 3 linker moleculas per square nanomster of
surface ares of said porous inorganic particles.  In some embodiments, the
media comprises a funclionalized surface comprising an average of from
about 1.1 {0 about 2.5 linker molecules per square nanometer of surface ares
of said porous inorganic particles. In other embodiments, the media
comprises a functionalized swrface comprising an average of from about 1.3
to about 2.0 linker mlscules per sguare nanometer of surface ares of said
porous inerganic particle.
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{0087} When used in an affinity column, in some desired smbodiments,
the above-described chromatography media of the present inventionhas a
non-specific protein binding level of less than about 20.0 ng/mi (or any value
below, and including, 20.0 ng/mi, in increments of 0.1 ng/mi, e.g., 4.8 ng/mi,
or any range of valuss below, and including, 20.0 ng/ml, e.g., from greater
than O to about 10 ng/mid), as shown in FIG, 8&  In one embodiment, the
chromatography media, when used in an affinity column, has a non-specific
protein binding tevel of less than about 5.0 ng/mi.
[aosa] in  somse desired embodiments, the above-described
chromatography media of the present invention, when used in an affinity
column, also has a dynamic binding capacity of at least 30 mg/mi {or any
value above, and including, 30 mgfmi, in increments of 0.1 mg/mi, eg., 808
mg/mil, or any range of values above, and including, 30 mg/mi, &g, from
about 41.2 to about 85.2 mg/mib), as shown in FIG 8B, In one embodimeant,
the chromatography media, when used in an affinity column, has a dynamic
binding capacity of from about 30 to about 80 mg/mi.
[o0ag] As discussed above, the present invention is further directed fo
chromatography devices such as chromatography column 188 shown in
FIGS. 1-2. In one embodiment, the chromatography device of the present
invention comprises: a device housing, and chromalography madia posilioned
within the device housing, wherein the chromatography media comprising the
herein-described chromatography media.  The device housing of the
chromaiography device comprises a tubular housing member, and at least
ong separate and attachable tubular housing member end cap. The device
housing may comprise a polymeric matedal, a metal material, a glass
material, a ceramic malerial, or 2 composite thereof. In one embodiment, the
device housing comprises a biodegradable polymeric material.  In another
ambodiment, the device housing comprises a metal material such as stainless
steal
(G080 In some embodiments, the chromatography device comprises a
pra-packed disposable column.
[oaet] in some desired embodiments of the present invention, the
chromatography device comprises chromatography media that has a non-
specific profein binding level of less than about 20.0 ng/mi. In some desired
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ambodiments of the present invention, the chromatography device comprises
chromatography madia that has a non-specific protein binding level of less
than about 5.0 ng/mil. In some desired embodiments of the present invention,
the chromalography device comprises chromatography media that has a
dynamic binding capacity of at least 30 mg/ml.  In some desired embodiments
of the opresent invention, the chromalography device comprises
chromatography media that has a dynamic binding capacity of from about 30
{0 about 80 mgimi.

[0082] in some desired smbodiments of the present invention, the
chromatography  device comprises an affinity column.  Desirably, the
chromatography device has a device back pressure of less than 5.0 bar when
the chromatography media is run al 3 linsar velocity of about 1000 omdh.
{00831 The chromatography columns of the present invention, such as
exemplary chromatography column 108, may be tailorsd for use in a given
application. Regardless of application, the chromatography columns of the
presaent invention, such as sxemplary chromatography celumn 180, may be
sized so 8% o be inseriable into a varlely of chromatography systems. FIG. 2
depicts a view of an exemplary chromalography system 280 comprising
chromatography colurnn shown in FIG. 1.

[0004] As shown in FIG. 2, sxemplary chromatography system 200
comprises the following components: chromatography column 1080, solvent
reservolr 201, pump 282, pre-column 283, injection port 284, detector 206,
recorder/monitor 207, and waste collector 208, Although not shown In FiIG. 2.
chromatography column 100 may be used in combination with other system
components sultable for use in chromatography systems, such as exemplary
chromatography system 208, wherein the other system components include,
but are not mited o, multiple scivent reservoirs 284, a8 vacuum pump, & flow
splitter, a pressure gauge, a degasser, a fraction collector, sle.

{DGE5] The present invention is also dirscled o msthods of making
chromatography devices. In one embodiment, the method of making a
chromatography  device comprises  incorporating the  herein-described
chromatography media inte a device {e.g.. column } housing. The maethod of
making a chromatography device may further comprise one of more
additional steps. Suilable additional steps include, but are not limited to,
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forming the device housing via a thermoforming step {e.g., any molding step,
g.g., injection molding), cleaning the porous inorganic oxide particles
positionad within the column housing by exposing the porous inorganic oxide
particles {0 a non-NaQH sclution; validating the chromalography column via
one or more validation tests; and packaging the cleaned, validated
chromatography column in a shippable container,

{000e8] in the disclosed methods, the step of forming the device housing
via a thermoforming step may comprise thermoforming a tubular housing
member, and at least one separate and sffachable tubular housing member
gnd cap.  In some embodiments, the thermoforming slep comprises
thermoforming () & twbulsr housing member having & first open end and a
closed opposite end (Le., an infegrally formed end cap having a column
housing outlet therain), and (i) a first twibular housing meamber end cap that s
separate and attachable to the open end of the fubular housing member. in
other embodiments, the thermoforming step comprisss thermoforming () a
tubular housing member having opposite open ends, {ii} a first tubular housing
member end cap separale and attachable o a first open end of the tubular
housing member, and (i} a second twbular housing member end cap
saparate and attachable v a second open end of the twbular housing
member, the second tubular housing member end cap being aftachable {o the
fubular housing member end cap opposite the first Wwbular housing member
end cap.

{0087] The present invention is further directed {0 methods of using the
hersin-described chromatography media and chromatography devices., In
one embodiment, the method of using the hersin-described chromatography
media comprises the step of incorporating the chromatography media into an
affinity column. In one embodiment, the method of using the herein-described
chromatography  devices comprises  the  step  of  positioning  the
chromatography device within an operating position of a chromatography
system, such a3 3 system as shown in FIG. 2. The methods of using the
herein-described chromatography media and chromatography devices may
further comprise processing a fluid through the affinity column or the
chromatography device.  In some smbodiments, the msthod of using the
herein-described chromatography media and  chromatography  devices

28



WO 2015/109068 PCT/US2015/011555

comprises processing a fluid containing one or more biomolecules through the
affinity column or the chromatography device. For example, the fluid may
comprise a protein, a peplide, an oligonuciectide, an antibody {eg. a
monactonal antibody), a virus, a vaccing or any combination thaereof,
10088] in one embodiment, the mobille phase or liquid containing one or
more analytes (farget molecule) or substances for separation on the column
160 is added via column inlet 154. Mobile phase exiling the cutlet 1588 inte
the bed space 181 will be distributed svenly across the distribution channed
4160, pass through filter 188 and then be sluted uniformly through the bed of
particulate medium 181, The mobile phase will finally exit the column through
column outlet 155,
{0098] The disclosed methods of using 2 chromatography device of the
present invention, such as exemplary chromatography column 168,
advantageously do not comprise a clean-in-place step within  the
chromatography system (e.0., exemplary chromatography system 20¢ shown
in FIG. 2. in other words, multiple runs may be performed on a given
chromatography system, such as exemplary chromatography system 200
shown in FIG. 2, without the need {o have a clean-in-place step. Instead,
when a given chromatography columin has been used and nesds to be
cleaned, the used chromatography column is replaced with a replacement
chromatography  column, and the chromatography system continues to
operate without the delays associated with a clean-in-place step.
131003 The disclosed methods of using the disclosed chromatography
devices of the present invention may also comprise the step of providing the
chromatography device to g user, wherain the providing step comprises
providing a pre-packed and validated chromalography column to the user
This step sliminates the nsed for the user {o perform one of more column
preparation steps, and further enables an efficient use of the user’s time and
Processing capacity.
{0104 Methods of using disposable chromatography columns may be
suitable for separating one or more biomolecules from a sample.  Although
not limited to any particular application, the methods of using disposabie
chromatography columns of the present invention may be used o separste
one or more biomolecules from a sample, wheregin the one or more
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biomolecules are sslected from at least one protein, peptide, oligonucieciide,
polysaccharides, lipids, nuclsic acids, metabolites, viruses, vaccings, or any
combination thersof,

{61023} in exemplary embodiments, the chromatography media of the
present invention may be used in a variety of applications including all of the
bonded phases mentioned hersin, for example, such as ion exchangs
chromatography,  hydrophobic  interaction  chromatography,  affinity
chromatography, size exciusion, and the like. lon sxchangs chromalography
is frequently used in protocols for the isolation of immunogiobulins.  In anion
gxchange chromatography, negatively charged amino acid side chains of the
immunoegiobuiin . will  interact  with  positively charged ligands of =
chromatography matrbe.  In cation exchange chromatography on the other
hand, positively charged amino acid side chains of the immunogiobulin will
interact with negatively charged ligands of a chromatography matrix,
Hydrophobic interaction chromatography (HIC) is another method described
and used in protocols for the isclation of immunogiobulins. If a highly pure
immunogiobulin product the obiect, it s commaonly recommended o combineg
HIC with one or more further steps. In HIC, in order to make the
immunogiobuiin bind efficiently {o the HIC matrix, addition of iyotropic salls to
the mobile phase is required. The bound immunoglobulin is subsequently
released from the matrix by lowsring the concentration of lyolropic salt
Affinity chromatography is based on specific interactions bebtween a target
biomolecule and a bicspecific ligand in a principle of lock-key recognition.
Thus, the target and ligand will constitte an affinity pair, suwch as
ardigen/antibody, enzymelrecepior eic. Frofein-based affinity ligands are well
known, such as Profein A, Protein G and Protein L affinity chromatography
which are both widespread methods for isolgtion and purification of
antibodiss. It is well known that Protein A chromatography provides an
outstanding specificily, particularly towards monoclonal  antibodies, and
consequently high puritiss are obtainable. Used in combingtion with ion
sxchange, hydrophobic interaction, hydroxyapatite and/or gal filiration sieps,
Protein A-based methods have become the antibody purification method of
choice for many biopharmaceutical companies, see a.g. Internationsl Patent
Publication No. WOB400773 and U5, Patent No. 5,151,350,
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{0103 in exemplary embodiments, the chromatography media of the
present invention may be used in a variely of applications, such as mixed
mode or mult-modal separation matrices or media. The term “multi-modal”
separation media refers to malrix capable of providing at least two different,
but cooperative, sites which interact with the compound to be bound. For
example, one of these sites may give an altractive type of charge-charge
interaction belween the ligand and the substance of interest. The other site
may give electron acceptor-donor interaction andfor hydrophobic andior
hydrophilic interactions. Ses e.g., U.S. Patent No, 7,714,112, In addition, the
porous particles of the present invention may be used in expanded bed
adsorption (see a.g., U.S. Patent No. 8,620,326}, as part of a membrane o
improve  purification  performance  (ses £.g., U8 Patent Application
Publication No. 2011/0048042), used in applications with fluidized bed
adsorption {see e.g., U.8. Patent Application Publication No. 2005/0268257),
and in any other applications suitable for purification or adsorplion using wide
pore malerials.

(01041 The present invention is further itiustrated by the following
examples, which are not to be construed in any way as imposing limitations
upon the scope thereof On the contrary, it is to be clearly understood that
resort may be had fo varous other embodiments, modifications, and
squivalents thereof which, after reading the description herein, may suggest
themselves to those skilled in the art without departing from the spint of the
present invention andfor the scope of the appended claims.

EXAMPLES

{0108] The following sxamples describe (i) processes in accordance
with the present invention for preparing chromatography media having
functionalized surfaces, namely, silica with protein A attached, and (i} the
evaluation of the materials including column packing and the use of columns,
One embodiment of the present invention shown in the examples relates {o
functionalizing silica particles were prepared by a process which consisted of
the following steps: bonding of large pore  silica  with (3~
giycidvioxypropylirimethoysilane, followed by sulfuric acid hydrolysis {o form
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an initially bonded diol silane intermediate; converting diol groups o aldehyde
groups by oxidation with sodium periodate; Incubating protein A with the
functionalized sifica; and finally reductive amination. Such 3 process is shown
as inFiG. 3
[0108] The median particle sizes reported in the Examples wers
determined by light scallering using a Malvern Mastersizer 2000 available
from Malvern Instruments Lid, per ASTM B822-10. Median pore diameter
distributions were measured by mercury intrusion using an Autopors 1V 8520
available from Micromeritics Instrument Corp.  Pore volumes referenced
herein represent mercury infrusion into 100-10,000 A size pores. BET surface
areas were oblained from the nitrogen sorption analysis,
10107] Particle size (P8) is defined as median particle size by volume
disiribution. PS50 represents the middie point particle size at which 50% of
particles are smaller than the middle point particle size and 50% are larger
than the middle point particle size . Likewise, PS80 represents a particle
size point at which 80% of particles are smaller and 10% are larger than the
particie size point.  In some sxamples, silica gel was utllized having median
particle size (PS50 of around 70 pum. Median pors diamster (FDED) is
defined as the middle point at which 50% of pore volumes are contributed
from smaller pores and 50% are contributed from larger porgs. The term
‘relative span” i defined as meaning a measure of the breadth of pore
diameter distribufion. The “span” is measured by sublracting the PD10 {le.,
the pore diametler below which 10% of the pore volume residss) from the
PDO0 pore diametsr (e, the pore diameter below which 80% by pore volume
resides) as measured by mercury porosimetry.  The term “relative span” is
dafined as the ratio of (PRBO-PDIOYVPDED (FIG. 4). .
0108] The silica gels were prepared using the following procedure: 180
g of a 18% sulfuric acid solution was placed in a reacior squipped with an
overhead stirrer and chilled to 5°C. Separately, 263 g of a solution of sodium
sificate {22.9 wit%h S0, was also chilled to 5°C. Subsequently, the sodium
silicaie solution was added to the sulfuric acid solulion via a3 pump at such a
rate as {o add the full quantity of silicats In 15 minutes. During the addition
the femperature was mainiained at 8°C.  After the addition was completed,
the reactor was warmed to room tempersture and the contents were allowed
30



WO 2015/109068 PCT/US2015/011555

1o get without stirring. Upon gelation, the gel mass was cut in small pleces
and submerged in water, in order to remove the sodium suifate formed during
the reaction. The level of sodium sulfate remaining in the material was
periodically checked, as wash waler was drained and fresh water was added
o the gel. When the level fsll below 1% the gel was suspended in water and
the pH of the liguid was adjusted to & pH = 8.7 and the solution heated to
&7°C. The temperature was maintained for 20 hours and 20 minutes. At the
end of the healing period the gel was recovered by filiration and dried in a
180°C oven until the moisture content of the gel was less than about 5% by
waight,

[0108] The silica gel thus oblained had a nitrogen BET surface area of
325 m¥yg and a nitrogen pore volume of 1.24 mifg. Assuming cylindrical pores
and using the squation: Pore Diameter (Angstroms) = 40000 X PV/SA, this
material exhibiled a pore size as discussed above. Subsequently, the gel is
milled to the desired particle size (70 microns) using an ACM and then
hydrothermally treated in an autoclave at 300°C until the desired pore
diamster is achieved.

(0110 Elemental analysis of carbon content was conducted using a
LECO Carbon Analyzer SC-832 avsiiable from LECO Corp. The purity of the
siica was measured by inductively coupled plasma {ICP} using an {CPE-8000
available from Shimadzu Corp.

{0111] The pore diamsier distribution of the silica gel particles of the
present irvention was examined by the methods set forth herein.

0112 The dynamic binding capacity was determined by packing
chromatography media (shuried in 100 mM NaCl solution} into & 0.88 om
diameter Omnifit column {Kinesis USA) with a final bed height of 10 om. A2Z20
mg/mi human polyclonal IgG (higG) solution {commercially available from
Sigma Aldrich Corporation) in 10 mM Phosphate Buffered Saline (FBS) buffer
{pH 7.4} was lpaded onto the column at linear a flow velocity of 200 e
using a AKTA Explorer FPLC system from GE Heslthcare (GEMC)
Braakthrough of the higG was measured by UV-Vis signal at 280 nm using a
LVB00 (GEHC) and chromatograms were recorded and piotted with Unicorn
softwars from GEHC, Dynamic capacity was defermined at 5% breakthrough
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after correcting for the unbound IgG3 flow through fraction and sysiem hold
up velume,

0113] Large columns (2.2 x 20 om® or 20 mi} were used to evaiuale
pressure drop (back pressure} of the columns packed with modified porous
inorganic materials.  Typically the pressures were obiained at 1000 omfh
linsar veiocity of 100 mM Nall solution in deilonized water with the AKTA
system.

{0114} The amount of surfacs protein binding none-specific o the
Protein A Hgand interaction was determined by interacting the Protein A
derivitized silica with Streptavidin  Profein  conjugated o Horseradish
peraxidase enzyme (HRP) {available commercially from Life Technologies).
100 pl of Protein A Silica was miked with 83 ng of Streptavidin-HEP in a
phosphate saline buffer (PBS), pH 7.5 at ambient temperature for 30 minutes,
The sample was washed repeagtedly with PBS o remove residusl
Streptavidin-HRP from the solution.  Diluions of Streptavidin-HRP were
prepared separately Tor use as standards.  Telramsthyibenzidine HRP
substrate (TMB) {available from Life Technologies) was added o prepared
samples and stendards and incubated at ambilent tfemperature for 4 minutes
while mixing, The resclion was stopped by addition of 1N Phospheric acid
The amount of Streptavidin-HRP remaining in each sample was determined
by measuring  substrate conversion o the oxidized form at 8 wavelength of
£50nm using & Molecular Devices SpectraMax M2 microplate reader using
the prepared standard curve. initial bonded {prior fo protein A bonding)
materials were also checked for non-specific protein binding of HRP protein
with similar procedures as daescribed.

General Process Description for Bonding Silica

0118} Linker Bonding (initial Bonding): Samples of functionalized
porous silica particles were prepared by treating the silica particles with (3-
giycidoxypropyiitrimethoxysilane {commercially available from Sigma Aldrich
Corporation or Gelest Inc.). A round bottom flask charged with porous silica,
and the amount of (3-glycidoxypropyli-trimethoxysilans was added into the
flask. The mixiure was allowed to roll overnight at room temperature.  Then
the silica was soaked with 1 M sulfuric acid for 30 minutes, and filtered. i
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wasg then washed with D water five times, filtered, and dried at 70°C
gvarnight.  The resulting samplss were submited for elemental analysis
{(LECO) for the percentage of carbon on silica, respectively.  The calculation
of functionalized surface comprising the linker molecules was based on C%
with formuta below:

) {8%+1,000,000
Linker Molecule {e.g., Diol} Content = Sl {11115 ¢: 7 ¢}
100+ 6 « 12

Linker Molecule Density = Chr2x ber of
inker Molecule Density = e {number ¢

molecules per nm® of surface)
Whareas AN = Avogadro's Number = 8.022 » 105 (molecules per mole)
SA = Surface Area (in méig)

nm = nanomeater {10° meter)

311G} Protein A was immobilized o the funclionalized silica particles
using a well known chemistry {e.g., WO1T08000237) involving oxidation of
surface diol groups with NalQ, fo vield an aldehyde, followed by Shiff basse
formation of free amine groups on the Prolein A chain with the surface
aldehyde groups (Prodein A was a recombinent Protein A obiained from
Repligen Bloprocessing under the trade name 18PA). Sodium borshydrate
was atdded o reduce Schiff base {iming) intermediates (Reductive Amination)
into stable secondary amine bonds and unreacted aldehydes to alcohol
groups. {FH3. 3.

{0117} The amount of immobillized Prolein A was delermined by
subtracting the amount of unreacted Profein A from the lotal amount of
Protein A used in the reaction. The concentration of Profein A was measurd
by LV-Vis at 280 nm with a spectrophotomster.

[Examples 1-8]
i0118] Dxamples 1-8 demonsirate different amount of surface linker
groups and s influence on IgG binding capacily and non-specific protein
binding {Figure 5},  In the examples, the same batch of sllica gel was used,
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and all other process condlions were Kept the same. The median particle
distribution (PS50} of the silica gels were 70 um, median pore diameter
(PDS0) of the silica was about 1150 A and

the sams amount of profein A was incorperated for sach sampls.

[0119] Resuits for these samples wers recorded in Table 1 below:

Table 1
Surface Coverage, Dynamic Binding Capacity and
Mon-Specific Protein Binding Results

Example Linker Bonding Protein A Bonding
D
5% Diol Linker Non- immobitized | g6 DBC
Function | Density {# Specific Protein & | {mg/mi}
Content | perom) Binding {mg/mi}
{nmol/g) {ngfmi}
i 0.23 32 .64 32 5.7 43
2 .36 50 1.00 24 73 43
3 .45 83 1.25 i1 83 48
4 .50 &% 1.38 4.4 8.6 58
5 .58 81 1.62 2.5 7.8 50
S 3.63 88 1.78 18 7.7 45
7 .66 92 1.84 i3 8.3 44
g .88 122 245 18 8.8 34
[0120] From Table 1 and FIG. 84, 5B and 50, one can see that the

DBC started {o decrease as linker population is over 1.8 On the other hand,
non-specific protein bindings for linker bonded materials is much higher with
fower amount of linker molecule density.

Comparative Example 1
121} The unmodified silica gel used in Examplies 1-8 was packsd in
column and the norespecific prolein binding was measures. The sample

showed a high non-specific protein binding of about 78 ng/mi.
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Exampies 8-12
{0123 Toe compare the sffects of median pore diamester and pore

diamster distribution on igG binding capacity, median particle size (about 70
wmy, silica gel padicles were modified using the procedurs as described
above. The resulls for Examples 9-12 are shown in Table 2 balow:

Table 2
Dynamic Binding Capacity Resulis For Particles Having Various
Median Pore DHameters and Pore Volume Distribulions

Example Median % % % Total | Relative BEY % Linkear g6 DRC
i Pare PW | PV | BV PV SPAN Surface { Linker Density | {mgfmi}
Diameter | 1 b4 3 {108- Ares bonding}
{43 10,000 {n'/g}
Ly
{cedmi}
g 653 531 22 4 1.02 1.3 43 0.61 1.70 23
18 1071 FOL 40 | 18 143 1.1 34 .64 178 41
11 1382 5% 38 1 25 1.08 1.1 25 2.48 1.37 35
12 1561 421 281 18 141 1.6 1& 0.42 1.37 33

%PY1 = (Pore Yolume from §00-1,6004 PorasiiVoiums from 100-10,8004} {(in %}
%PY3 = {(Pore Yolume from 1,000-1,8004 PoresiiiVolume from 100-10,0084) {in %)
%PV = {Pore Yolume from 1,200-1,800A Poresi{Volume from 100-10,00843 {in %)

{0123 FiG. & shows the pore distrubtion for the silica as used in each
of Examples 9-12. From Table 2 and FiIG. 8§ # can be concluded that
functionalized porous silica particies { as shown in Example 10) having %PV,
%PV2 and %PV3 of 70%, 40% and 18%, respectively, gave the highest
binding capacity of 41 mgfml.

Examples 1318
{0124} To compare the sffects of median particle size on IgG binding
capacity and column back pressure, silica gel particles with different median
particle size but the same median pore diamster and distribution as Exampls
10 were modified using the general procedurs described above. The resulls
for Examples 13-18 are shown in Table 3 below:

[9A)
L5
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Median Pardicle Size Effect on Dynamic Binding Capacity

Column Back
Example PR30 PS80 % Linker 5% DBC Pressure

D {pum} {um} ¢ Density | {(mg/mi} | (bar @ 1000

emfh)

13 7e 113 (.59 1.8 38 38

14 56 78 (.58 1.8 48 4.8

15 69 g7 .52 1.5 44 3.2

18 83 127 (.56 1.8 32 28
3128} As shown in Table 3 above, Example 15 with Median particle

size of 69 um provided DBC of over 40 mg/mi and back pressure of less than

4.6 bar at 1000 om/h linear velocity,

[Comparative Examples 2-4]

0128] To compars sifica of different median pore dismeters, pors
volumes, relstive span, pore diameter distribution, commercially avaiiable

silica gel or controlied pore glass particles have been treated with procedures

described above for bonding silica and immobiiizing protein A The properties

of these silica are listed in Table 4 and the resulls are summarized in Table 5

balow.
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Table 4
Properties of Silica Gels in Comparative Examples

Silics | PDBG Py Span %PYE UPYE | %PY3 | Surface
{mifg} Arsa
{m*/g}
A 1523 3.81 0.68 47.9 45.7 36.4 18
B 657 0.74 0.86 61.6 3.7 12 36
i 1066 1.32 0.19 38.9 75.3 0.7 25

%P1 = (Pore Yolume from 888-1,800A Pores)i{¥olums from 100-18,0004) {in %)
%MPVE = (Pore Volume from 1,000-1,6004 Poresif{Volume from 180-10,0004) {in %)
%PV = (Pore Volume from 4,200-1,5004 PoresiiVolume from 100-10,0004) {in %)

0127} in Table 4, SHica A is 3 silica gel currently being manufactured
and sold by Daiso Co. Lid. under the trade name Daisogel™ SP-2000-40/60.
This silica has particle size range of 40-60 um.

{0128] Silica B is & silica gel with currently being manufactured and
sold by Full Silysia Chemical Lid. under the trade name Chromatorex™
MBBOO-46/75. This silica has particle size range of 40-75 um.

{0129 Siica © is Controlled Pore Glass (CPGY 1000 particles
currently being manufactured and sold by Millipore ireland Lid. This silica has
an average particle size of about 80 um. FIG. 7 demonstrates the differences
in pore size distribution of Example 10 and Comparative Example 4.

Table 5

Results of Comparstive Examples with Porous Gels

Exampie 1 Silica % tinker | immaobilized g6 DBC
Density Protain & {rng/mil)
{mg/mi}
{omparativa 2 A .17 3.9 7.4 36
Comparative 3 8 0.57 1.3 4.2 33
Comparative 4 C 0.44 1.5 4.6 49
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10130 While the invention has been described with a Emited number of
embodiments, these specific embodiments are not intended o limit the scope
of the invention as ctherwise described and claimed herein. It may be svidert
o those of ordinary skill in the art upon review of the exemplary embodiments
herein that further modifications, equivalents, and varations are possible. Al
pairts and percentages in the examples, as well as in the remainder of the
specification, are by weight unless otherwise specified. Further, any rangs of
numbers recifed in the specification or claims, such as that representing a
particular sel of properties, unils of measure, conditions, physical states or
percentages, is inlended o lterally incorporate expressly herein by reference
or otherwise, any number falling within such rangs, including any subset of
numbers within any range so recited.  For example, whenever a numerical
range with a lower Bmit, Ry, and an upper limit Ry, is disclosed, any number B
faliing within the range is specifically disciosed. In particular, the following
numbers R within the range are specifically disclosed: R = Ry + kiRy -Ry),
where K is a variable ranging from 1% io 100% with 8 1% increment, e.g., K is
1%, 2%. 3%, 4%, 5%. ... 50%, 51%, §3%. ... BE%, 86%, 97%, 98%, 88%, or
100%. Moreover, any numerical range represented by any two vaiues of R,
as calculated above is also spacifically disclosed.  Any modifications of the
invention, in addition to those shown and described herein, will becoms
apparent to those skilled in the art from the forsgoing description and
accompanying drawings. Such muodifications are intended {o fall within the
scope of the appended claims. Al publications cited herein are incorporated
by reference in their entirety.



