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WHAT IS CLAIMED 1S:

1. Chromatography media comprising:

porous inorganic particles having a median pore diameter of from
about 600 A to about 1800 A; a pore size distribution relative span of at least
about D.75; and a functionalized surface comprising an average of from
greater than 1 to about 3 linker molecules per square nanometer of surface
area of said porous inorganic particles.

2. Chromatography media comprising:

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
about 0.75, and a funclionalized swface comprising a protein covalently
bonded to surface portions of said porous inorganic particles, said protein
having a molecular weaight ranging from about 10,000 to about 100,000 D,
3. The chromatography media of claim 2, wherein said protein s
covalently bonded to surface portions of said porous incrganic particles via an
gverage of greater than about 1 fo about 3 linker molecules per square
nanometer of surface area of said porous inorganic particies.

4, Chromatography media comprising:

porous inorganic particles having an average BET surface area of from
shout 20 m/g to about 100 m?g; an average pore volume of at least about 1
mifg, a pore size distribution relative span of at least about 075 a
functionalized surface comprising an average of from greater than about 1 to
about 3 linker molecules 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 protein having a molecular weight ranging from about
10,000 to about 100,000 D.
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5. The chromatography media of any one of claims 1 to 4, wherein said
pOroUs inorganic particles have a pore size distribution relative span of at
{east about 0.9

o=

8. The chromatography media of any one of claims 1 {o 5, wherein said
porous inorganic particles have 8 pore size distribution relative span of at
ieast about 0.599

7. The chromatography madia of any one of claims 1 to 6, wherein said
porous inorganic particles have a pore size distribution relative span of from
aboul 1.010 about 1.3

8. The chromatography media of any one of claims 1 o 7, whersin &t
least 40% of the {otal pore volume is In pores having a diameter between
ahout BOO A o about 1800 A .

8. The chrontatography media of claim 8, wherein from about 40% 1o
about 80 % of the total pore volume is in pores having a diameter between
about 800 A to about 1800 A

1. The chromatography media of any ong of claims 1 o 8, wherein at
least 20% of the total pore volume have pores in a diameter ranging from
about 1000 A to about 1600 A

11, The chromatography media of claim 10, wherein from about 20% to
about 80% of the tofal pore volume have pores in a diameter ranging from
about 1000 A to about 1600 A.

12, The chromatography media of any one of claims 1 to 11, wherein at
least 18% of the total pore volume have pores in a diameter ranging from
about 1200 A to about 1500 A
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13, The chromatography media of claim 12, wherein from about 15% to
gbout 30% of the tolal pore volume have pores in a diameter ranging from
about 1200 A to about 1500 A

14.  The chromatagraphy media of any one of claims 1 to 3 and & 1o 13,
wherein sald porous inorganic particles have an average BET surface area of
greater than about 10 m¥g.

18, The chromatography media of claim 14, wherein said porous inorganic
particles have an average BET surface area of from about 20 m¥g to about
200 mg.

16.  The chromalography media of claim 15, wherein said porous inorganic
particles have an average BET surface area of from about 258 m¥/g to about
100 mifg.

17.  The chromatography media of any one of daims 1 to 3 and 8 {o 15,
wherein said porous inorganic particles have an average pore volume of at
least about 1 mlfg.

18, The chromatography media of claim 17, wherein said porous inorganic
parficles have an average parlicle dimension of from about 30 um to abouwt
120 um.

18.  The chromatography media of claim 18, wherein said porous inorganic
particles have an average particle dimension of from about 50 pm to about 90
umn,

20, The chromatography media of claim 18, wherein said porous inorganic
particles have an average particle dimension of about 70 pm,

21, The chromatography media of any one of claims 1 to 20, wherein said
porous inorganic parficles comprise silica, alumina, zirconia, or mbtures
thereof.
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22, The chvamatography media of claim 21, wherain said porous inorganic
particles comprise silica.

23 The chromaltography media of claim 22, wherein said porous inorganic
particles comprise silica having at least 97% by weight Si0O; based upon a
total weight of said porous inorganic particles.

24, The chromatography media of any ene of dlaims 1 o 23, wherein said
functionalized surface comprises a reaction product resulling from a reaction
between (i} hydroxyl groups on said porous inorganic particles and (i) a

silane.

25 The chromatography media of claim 24, wherein said functionalized
surface comprises & reaction product resulling from a reaction belween
hydroxyl groups on said particles and an epoxy silana.

26, The chromafography media of claim 25, wherein said functionalized
surface comprises a reacion product resulting from a reaction between
hydroxyl groups on saild particles and {3-glycidyloxypropyl) trimethoxysilane,

27.  The chromatography media of olaim 1, wherein sach of said linker
molecules comprises a dipl.

28, The chromatography media of clalim 1 or 27, wherein said
functionalized surface comprises (i) a diol group and (i) unreacted hvdroxyl

groups on said porous inorganic particles.

28. The chromatography media of claim 27 or 28, wharein said diol is
present in an amount ranging from about 30 to about 150 gmolig of said
porous inorganic particles.
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30, The chromatography media of any one of claims 27 to 29, wherein said
diol (s present in an amount ranging from about 50 to shout 100 ymolig of

said porous inorganic particles.

31. The chromatography media of dclaim 1, whersin each of said finker
molecules comprises an aldehyde.

32, The chromatography media of any ons of claims 1 and 5 1o 31, wherein
said functionalized surface comprises a protein covalently linked to surfaces
of said porous inorganic particles via at least some of said linker molecules.

33, The chromatography media of any one of olaims 2 to 32, wherein said
funclionalized surface comprises (i} said protein covalently linked to surface
portions of said porous inorganic particles and (i} unreacted hydroxyt groups
on said porous inorganic particles.

34, The chromatography media of any one of claims 2 1o 26 and 32 to 33,
whergin sald protein comprises Pratein A

38, The chromatography media of any one of claims 2 to 26 and 32 1o 24,

wherel said sald proten is @ recombinant Protein A ProA).

38, The chromatpgraphy media of any one of claims 2 to 29 and 22 {o 35,
wherein said protein is present In an amount ranging from about 4.0 o about
16 mg/mi of said porous inorganic particles.

37, The chromatography media of any one of claims 2 {o 26 and 32 to 386,
wherein said protein is present in an amount ranging from about 5.0 to shout

12 mg/mi of said porous inorganic particles,
38, The chromatography media of any ong of claims 1 o 37, wherein said
chromatography media, when used in an affinity column, has a non-specific

protein binding level of less than about 20.0 ng/mil.
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39, The chromatography media of any one of claims 1 to 38, wherein said
chromatography media, when used in an affinity column, has a non-specific

protein binding level of less than about 5.0 ngfmt.

40.  The chromatography media of any one of claims 1 o 38, whersin said
chromaiography media, when used in an affinity column, has a dynamic
binding capacity of at least 30 mg/mi.

41, The chromatography media of any one of claims 1 to 40, wherein said
chromatography media, when used in an affinity column, has a dynamic
binding capactly of from about 30 {o about 80 mg/mi.

42, A method for making the chromatography media of any one of slaims 1
o 41, said method comprising:

forming the porous inorganic particles; and

reacting surface portions of the porous inorganic particles with at
teast one reactant so as o fohm the funclionalized surface.

43. The method of claim 42, wherein said forming step comprises forming
porous inorganic particles via a particle-forming process selected from the
group consisting of gelation, precipitation, aggregation, or combinations
thergof.

44.  The method of claim 42 or 43, wherein said forming step comprises

forming porous inorganic particles via a gelation process.

45, The method of any one of claims 42 1o 44, wherein the at least one
reactant comprises a silane.

48.  The method of any one of claims 42 o 45, wherein the st least ons
reactant comprises an epoxy silane.

47, The method of claim 48, wherein the epoxy siiane comprises (3-
ghycidyioxypropyl) trimethoxysilane.
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48, The method of any one of claims 45 to 47, further comprising:
converting at least one functional group on the silane to &
hydroxyl group so as io form a diol.

42, The method of any one of claims 42 fo 48, wherein the functionalized
surface comprises (i) a diol and (i) unreacted hydroxyl groups on the porous
inorganic particles,

80. The method of claim 48 or 48, wherein the diol is present on the
surface in an amount ranging from about 30 to about 150 umollg of the
pOFoUS inorganic particles.

51, The method of any one of claims 48 {o 50, wherein the digl is present
in an amount ranging from about 50 fo about 100 umollg of the porous
norganic particles.

52, The method of any one of claims 48 to 81, further comprising:
corverting at least one diol 1o an aldehyde group.

53. The method of claim 52, further comprising reacting at least one
gidehyde group with at least one free amino group on the desired protein to
form an imine group and, optionally, reducing the imine group o an amine.

54, The method of claim 53, further comprising covalently bonding a
protein to the lunctionalized surface via the an imine or amino group.

58, The methed of any one of claims 42 {o 54, wharein the functionalized
surface comprises a protein covalently linked to swifaces of the porous
{norgaric particles.

568.  The method of any one of daims 42 to 55, wherein the functionalized
surface comprises () a protein covalently linked to surfaces of the porous
inorganic particles and (i} unrsacted hydroxyl groups on the porous inorganic
particles.
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§7.  The method of any one of claims 42 to 86, wherein the funclionalized
surface comprises recombinant Protein A (ProA) covalently linked to swfaces
of said porous inorganic particles.

58,  The methad of any one of claims 84 to 57, wherein the protein is
prasent in an amount ranging from about 4.0 to about 168 mg/mi of the porous
narganic particles.

59.  The method of any one of claims 54 to 58, wherein the protein is
present it gn amount ranging from about 5.0 to about 12 mg/mi of the porous
inorganic particles.

8. A chromatography device comprising:

g device housing; and

chramatography media positionsd within said device housing,
sald chromatography media comprising the chromatography media of any one
of claims 1 ¢ 41,

61, The chromatography device of claim 80, wherein said device housing
comprises a tubudar housing member, and at least one separate and
attachable tubular housing member end cap.

82. The chromatography device of claim 60 or 61, wherein said device
housing comgrises a polymaeric material, & metal material, a glass material, a

ceramic material, or a compaosiie thereof.

63. The chromatography device of any one of claims B0 to 83, wherein

said davice housing comprises g biodegradable polymeric material,

64, The chromatography device of any one of claims 80 fo 83, wherein

said device housing comprises a metal material.
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85. The chromatography device of any one of claims 80 to 82 or 84,
wharein said device housing comprises siainless steel.

688. The chromastography device of any one of claims 80 to 84, wherein
said chromatography device comprises a pre-packed disposable column,

87, The chromatography device of any one of claims 80 o 88, whersin
said chromatography media has a non-specific protein binding level of less
than about 20.0 ng/mi.

8. The chromatography device of any one of daims 80 to 87, wherein
said chromatography media has a non-specific profein binding level of iess
thar about 5.0 ng/mi.

83 The chromatography device of any ong of claims 60 to 88, wherein
said chromatography media has & dynamic binding capacity of at least 30
mg/mi.

7Q. The chromatography device of any one of claims 80 to 89, wherein
said chromalography media has a dynamic binding capacity from about 30 fo
about 80 mg/mi.

74, The chromatography device of any one of claims 80 to 70, whersin
said chromatography device comprisas an affinity column.

72, The chromatography device of any one of claims 80 to 71, wherein
said chromatography device has a device back pressurs of less than 8.0 bar
when said chromatography media is run at a linear velocity of about 1000
ermfh.

73, A method of making the chromatography device of any one of claims
80 {0 72, said method comprising the steps of

incorporating the chromatography media of any ong ¢of claims 1
to 41 inte the device housing.

Fa
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74, The method of claim 73, further comprising:
forming the device housing via a thermoforming step.

76, The method of claim 74, wherein said thermoforming step comprises
thermoforming a lubular housing member, and at least one separate and

aftachable tubular housing member end cap.

76, The method of any one of claims 7310 75, further comprising:
validating the chromatography device via one or more validation
tesis.

77. A method of using the chromatography media of any one of claims 1 to
41, said method comprising the step of:

incorporating the chromatography media into an affinity column.

78 A method of using the chromatography device of any one of claims 60
to 72, said method comprising the step of:

positioning the chromatography device within an operating
position of a chromatography system.

78, Amethod of claim 77 or 78, further comprising:
processing & fluid twough the affinity column or the
chromatography device,

80,  The method of claim 79, wherein the fluid comprises one or more
biemolecules.

81,  The method of claim 78 or 80, whersin the fluid comprises a protein, a
peplide, an oligonucleotide, an antibody, a virus, a vaccine or any
combination thereof.

82, The method of any one of claims 78 fo 81, wherein the fluid comprises
a monacional antibody.
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82, The method of any one of claims 77 to 82, wherein said method does
not comprise a clean-in-place step within the chromatography system.

84, Amethod of any one of claims 77 fo 83, said mathod comprising:

providing the affinity column or the chromatography device fo a
user, said providing step comprising providing a pre-packed and validated
affinity column or chromatography device  the user.

85  Chromatography media comprising:

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
about 0.75 and a3 pore size distribulion such that at least about 20% of the
total pore volume have pores in a diameter ranging from about 1000 A fo
about 1800 A

86. The chromatography media of claim 85 wherein the porous inorganic
particles have a funclionalized surface comprising an average of from greater
than 1 to about 3 linker molecules per sguare nanometer of surface area of
said porous inorganic particies.

87. The chromatography media of any one of claims 85 1o 88, wherein at
least 40% of the tolal pore volume is in pores having a diameter between
about 800 A to about 1800 A

88. The chromatography media of any one of claims BS to 87, wharein
from about 40% 1o aboul 80 % of the total pore volume is in pores having a
diameter between about 800 A to about 1600 A.

89. The chromatography media of any one of claims 85 to 88, whersin at

least 20% to about 80% of the total pore volume have pores in a diameter
ranging from abouwt 1000 A {0 about 1800 A
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890, The chromatography media of any one of claims 85 to 88, wherein at
ipast 15% of the total pore volume have pores in a diameter ranging from
about 1200 A to about 1500 A,

91.  The chromatography media of any one of claims 85 to 90, wherein
from about 18% to about 30% of the fotal pore volume have pores in a
diameter ranging from about 1200 A to about 1500 A



