1 MIXED MODE LIGANDS CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This patent
application claims the benefit of U.S. Provisional Patent Application No. 61/512,097, filed July 27, 2011,
which is incorporated by reference. BACKGROUND OF THE INVENTION [0002]The present invention
relates generally to mixed-mode or multi-modal interaction chromatographic materials. The increasing
need for bulk quantities of biologically relevant molecules (i.e., biomolecules) such as proteins has
spawned a variety of techniques for isolating such biomolecules from physiological isolates. One
separation methodology of particular intengstEDimodenraeraiogaphy. [0003]There is a need in the art for
mixed-mode chromatographic materials that exhibit high binding capacity, specificity, and recovery, and

that can be regenerated extepgively Withatt dReAdY EN G pMEBYiephiRgsformance. BRIEF
SUMMARY OF THE INVENTION [0004]In accordance with embodiments of substrates and methods of

using substr ccordjng to the invention, bijological substan uch as immunoglobulins (preferably
monocional dHibaies) e BIEH: ARV BURA ATA SO ERREN ) e sl P ECh AP R Eiments, the
immunoglobinsaty/Alhadar, figd drdysbie2titélywiacnis. inniwated dyoratiyenielogical substances can be
purified while simultaneously removing aggregates, allowing for one-step purification and aggregate

removal. [0005]In an embodiment, thaEkeSROURNE T oM REONNES\G gYKStrate comprising a solid support,
a ligand, and a linker. In some embodiments, the linker comprises at least one C, 0, N, or S atom

covalently coReef"9 i BHLSHARGEN AN ARRCELI00R)D 4 RS R aaAR A e formula

0 +8-NHNHZ', rein 2 represents an aromatic or heterdaromatic group, which e optionally
substituted. |A¥eMategRRtihTeredfe divtriatear ngeeelHiRHRNGHES P HiSIAUCRIBIGES @Rt or bicyclic,
haying 5-12 a#Bg.if " &ineisyHRELI A0 GEMRSI Bt S MAMQRIOTRTSGlecteaHRMNLY ) and S.
[0007]In some em_bodlm%nts, th Il%?nd has a formula selected from the gr_oup consistin
NH2H2NSOS'f—qa(E'ﬁ]g such biomolecules from physiological &ek. One separation metho ology of

particular interest is liquid chromatography.

[0003] There is a need in the art for mixed-mode chronrag@gc materials that exhibit

high binding capacity, specificity, and recovemddhat can be regenerated extensively

without degradation in chromatographic performance.

BRIEF SUMMARY OF THE INVENTION

[0004] In accordance with embodiments of substrates aridods of using substrates
according to the invention, biological substansesh as immunoglobulins (preferably
monoclonal antibodies), are preferably bound, whdebinding aggregates. In some
embodiments, the immunoglobulins IgA and/or IgM seéectively bound. Advantageously,
biological substances can be purified while simétausly removing aggregates, allowing for
one-step purification and aggregate removal.

[0005] In an embodiment, the present invention providsstestrate comprising a solid
support, a ligand, and a linker. In some embodtsehe linker comprises at least one C, O,
N, or S atom covalently connecting the solid supfmthe ligand.

[0006] In an embodiment, the ligand has the formula

?
%C—NH~@»NH2
, wherein
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@ represents an aromatic or heteroaromatic grougghwhay be optionally
substituted. In some embodiments, the aromatieteroaromatic group may be monocyclic
or bicyclic, having 5-12 atoms in the ring system¢d comprising 0-3 heteroatoms selected
from O, N, and S.

[0007] In some embodiments, the Iigand has a formula saldoom the group consisting
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H2N. The wavy line in the above formulae indicates the position on the ligand at which the linker is
connected. [0008]In other embodiments, the ligand has the formula NH2 , wherein (A-V represents an
aromatic or heteroaromatic ring selected from the group consisting of phenyl, pyridyl, pyrimidinyl, and
naphthyl, optionally substituted with 0-4 substituents gelected from the group consisting of -H, 4C1-C6)
alkyl, halogen, -OH, -0(C1-C6) alkyl, -COOH, -COO(C1-C6) alkyl, - iiH

-C-NH-C-(C1-C6) alkyl-S(C1-G#) alkyl SO3H, -PO3H, -NO2, -$ifl2,COOH 5 9H C-NH-C-(C1-C6)
alkyl-COOHOts i COON, -8aK|1-/ COOH, 9H C-NH-C-(0#6) alkyl i COOH o 8-NH-(c1-c6) alkyl--(
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formulae indicates the position on the ligand aicihhe linker is connected.

[0008] In other embodiments, the ligand has the formula
?
—§—C—NH~QA\>—NH2
, Wherein

@ represents an aromatic or heteroaromatic ringsgldrom the group
consisting of phenyl, pyridyl, pyrimidinyl, and rfapyl, optionally substituted
with 0-4 substituents selected from the group ciimgj of

-H, -(C;-Ce) alkyl, halogen, -OH, -O(£Cg) alkyl, -COOH, -COO(GCs) alkyl, -

H
—6—NH—<I:—(C1-CG) alkyl—S(C4-Cy) alkyl
SO:H, -POH, -NO,, -NH;, COOH ,



0 H IIH N-C-C-(C1-C6) i NH2 9H alkyl-S(C1-C6) alkyl -C-NH-C-(Ci-C6) alkyl &DOH 9H
C-NH-C-(C1-C6) alkyl 1 COOH 00COOH iiHiiH1 -C-NH-C-C-N-C-(C1-C6) alkyl-S(C1-C6) alkyl IH (C1-C6)
alkyl-S(C1-C6) alkyl N 9HH INHO iiH -C-NH-C-(C1-C6) alkyl-N-C-NH2 -C-NH-C-(C1-C6) alkyINH
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[0009] In some embodiments; represents phenyl, pyridyl, or naphthyl, optiopall
substituted with 0-1 substituents selected frongtioeip consisting of -H, -COOH, and

-SG;H. In other embodiments; represents phenyl, optionally substituted with 0-1
substituents selected from the group consistinglpfCOOH, and -SgH. In additional

embodiments@ represents phenyl, optionally substituted with €ubstituents selected

from the group consisting of



i1 COOHCOOH, and 9H C-NH-C-(C1-C6) alkyl-OH i COOH [0009]In some embodiments, represents
phenyl, pyridyl, or naphthyl, optionally substituted with 0-1 substituents selected from the group
consisting of -H, -COOH, and -S03H. In other embodiments,represents phenyl, optionally substituted with
0-1 substituents selected from the group consisting o -H, -COOH, and -SO3H. In additional
embodiments,represents phenyl, optionally substituted with 0-1 substituents selected from the group
consisting of 6 iiHO -C(I?NH-CH(Ci-C6) alkyl-S(C1-C6) alkyl -g-NH COON COOH, and

—C-NH—C—(C;-Ce) alkyl—S(C;-Co) alkyl _5_NHOCOOH
COOH and

N
? H \
_C_NH_Q_(C»]-CS) alkyl

COOH
[0010] In yet other embodiments, the invention providssilastrate having a formula

selected from the group:
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-C-NH-C-(Ci-C6) alkyl COOH [0010]In yet other embodiments, the invention provides a substrate having
a formula selected from the group: in which the black rectangle represents a solid support. [0011]The
invention also provides for the separation of at least one substance from a sample. In one embodiment, a
method of treating a sample comprising at least one biological substance with a substrate comprises
contacting the substrate with the sample for a period of time sufficient to allow the at least one biological
substance in the sample to bind to the substraigoJn a preferred embodiment, the method comprises (a)
contacting a substrate according to an embod| ent of the invention with a liquid sample that comprises at
least one substance, wherein the substaf rbs to the substrate and"(b) djusting the pH, ionic
strength, or both such e-Substrnce fesdrbs f caksmbodiment, the
method further compri®® washing the suﬁétra;mpb ed in (a) with an"équ jsium buffer. [0012]in
another embodiment, a process for making the substrate is provided, comprisin
support by contacting the solid support with one functionality of a bifunctional
or all of the linker to bind the reagent tp th lid support. The actlvated@oll 4s subsequently

reacted with a reagquaitizat c mpgse he agltito fo r and the ligand. BRIEF
DESCRIPTION OF lE SEVERAL VIE s BF e I.%WING(S) [OOle#lgure 1 is a graph showing the

activating the solid
%{'ﬂent that comprises part

varied ligand density and dynamic binding capaC|t (DBC) using a substrate according to an embodiment

of the invention. [0014]Figure 2 is a graph g
substrate with a para- phenylenedlamlneo(
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varying ligand density and gbtaining pure 1gG using a
jgand according to an embod| ent.of the invention.
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11 [0015]Figure 3 is a graph showing the effect of pH and conductivity values on pure BSA (bovine serum
albumin) dynamic binding capacity (DBC) at 10% breakthrough using a substrate according to an
embodiment of the invention. DETAII FD DESCRIPTION OF THE INVENTION [0016]Embodiments of the
present invention provide substrates that are effectivg adsorbents for use in separating and isolating a
variety of substances, including biological substances of interest. Substrates according to embodiments of
the invention may be used, for example, in preparative teghpiques, such as column chromatography.
[0017]0One advantage of an embodiment of the substrate described hergin is its high selectivity and
specificity for biological substances such as proteir?s. @ itionally, another advantage is
the high biological molecule bind Ci \Gf#b e ent substrates. Accordingly, it is
possible to manipulate smaller v esof a sample,'fo reduce precessing time and/or to process a large
amount of a sample per unit column volume. Another advantage of &Mbodiments of the invention is the
substrate's selectivity for proteins in the presence of protéia aggregates. This can allow one-step
purification and removal of aggregates from protej saprples. Additi - substrates can be prepared
cost-effectively. [0018]The subszatecom risgigs\oli . ortﬂand & ligand that is covalently attached to
the solid support via a linker. In e embodimentsNtheTink&r comprises at least one C, 0, N, or S atom.
[0019]In an embodiment, the ligand has the formula , 9 NH2Q wherein represents an aromatic or
heteroaromatic group, which may be optionally substiHted. In some embodiments, the aromatic or
heteroaromatic group may be monocyclic or bicyclic,having 5-12 atoms in the ring system, and
comprising 0-3 heteroatoms selected from 0, N, an [0020]In some embodiments, the ligand has a
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14 formulae indicates the position on the ligand at which the linker is connected. [0021]In other
embodiments, the ligand has the formula s NH2 , wherein represents an aromatic or heteroaromatic ring
selected from the group consisting of phenyl, pyridyl, pyrimidinyl, and naphthyl, optionally substituted with
0-4 substituents selected from the group consisting aof -H, -(C1-C6) alkyl, halogen, -OH, -0(C1-C6) alkyl,
-COOH, -CO0O(C1-C6) alkyl, - SO3H, -P0O3H, -NO2, -NH2, 9H C-NH-C-(C1-C6) alkyl-COOHQ iiirS -/
COON-C-NHCOOH iiH C-NH-C-(C1-C6) alkyl COON 0 /-'(r)0 8-NH-(e3-C6) alkyl( ,7- -u-NH-(C1-C6)
alkyl-COOH HN

OH2N
[OWS&J\N N
H
OO OH ,
NH,
(0] H (0]
H (0]
O.__OH



15 O0HH N-C-C-(C1-C6) NH2 iiH alkyl-S(C1-C6) alkyl -C-NH-C-(Ci-C6) alkyl LYOH C-NH-C-(C1-C6)
COON alkyl 0OOCOOH ii H ii H -Calkyl-S(C1-C6) alkyl (C1-C6) alkyl-S(C1-C6) alkyl N 9HH kiiiH9Hii
C-NH-C-(C1-C6) alkyl-N-C-NH2 -C-NH-C-(C1-C6) alkyINH i1 COONCOOH, and SIH C-NH-C-(Ci-C6)
alkyl-OH i 10
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in which the black rectangle represents a solighsttp

, and

[0011] The invention also provides for the separationtdéast one substance from a
sample. In one embodiment, a method of treatisgnaple comprising at least one biological
substance with a substrate comprises contactingustrate with the sample for a period of
time sufficient to allow the at least one biologisabstance in the sample to bind to the
substrate. In a preferred embodiment, the metbatpdses (a) contacting a substrate
according to an embodiment of the invention witlgaid sample that comprises at least one
substance, wherein the substance adsorbs to tkeaeh and (b) adjusting the pH, ionic
strength, or both such that the substance desasthe substrate. In a typical embodiment,
the method further comprises washing the substiatEned in (a) with an equilibrium

buffer.

[0012] In another embodiment, a process for making thetsatle is provided,

comprising activating the solid support by contagtihe solid support with one functionality
of a bifunctional reagent that comprises part bofathe linker to bind the reagent to the solid
support. The activated solid support is subsedpesdcted with a reagent that comprises the

ligand to form a bond between the linker and tgarid.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0013] Figure 1 is a graph showing the varied ligand dgrasid dynamic binding
capacity (DBC) using a substrate according to abasliment of the invention.

[0014] Figure 2 is a graph showing varying ligand denaity obtaining pure IgG using a
substrate with a para-phenylenediamine (PDA) ligacwbrding to an embodiment of the

invention.



COOH [0022]In some embodiments,represents phenyl, pyridyl, or naphthyl, optionally substituted with 0-1
substituents selected from the group consisting of -H, -COOH, and -SO3H. In other embodiments,
represents phenyl, optionally substituted with 0-1 substituents selected from the group consisting of -H,
-COOH, and -S03H. In additional embodiments,represents phenyl, optionally substituted with 0-1
substituents selected from the group consisting of iiH -C-NH-C-(C1-C6) alkyl-S(C1-C6) alkyl COOH

“C-NH COOthofpd 1iiglrdNBliCa(Grintn S - ROkt £007 3H RRdiaRhtip rayaleatip GrBagted to the

linker, which links the ligand to the solid support. The linker may reduce stéric hindrance and increase the
accessibility FIMEGFERMA RN SAREBIEP B BEFPaie CURNLLHORBREHERYEhESIBAAd and the linker

may be, for exassplaear i) boad. dobdtiheiiokerctymiaatly comprises at least one C, 0, N, or S atom.
In an embodiment,

DETAILED DESCRIPTION OF THE INVENTION

[0016] Embodiments of the present invention provide sabs$rthat are effective
adsorbents for use in separating and isolatingiatyaof substances, including biological
substances of interest. Substrates according bo@ments of the invention may be used,
for example, in preparative techniques, such aseolchromatography.

[0017] One advantage of an embodiment of the substratzibed herein is its high
selectivity and specificity for biological substascsuch as proteins. Alternatively, or
additionally, another advantage is the high biatagmolecule binding capacity of
embodiments of the present substrates. Accordifgky/possible to manipulate smaller
volumes of a sample, to reduce processing timeoamoljprocess a large amount of a sample
per unit column volume. Another advantage of envbedts of the invention is the
substrate’s selectivity for proteins in the pregeotprotein aggregates. This can allow one-
step purification and removal of aggregates frootgon samples. Additionally, substrates
can be prepared cost-effectively.

[0018] The substrate comprises a solid support and adigzat is covalently attached to
the solid support via a linker. In some embodiragtite linker comprises at least one C, O,
N, or S atom.

[0019] In an embodiment, the ligand has the formula
Q
—%—C—NH@NHZ
, wherein

@ represents an aromatic or heteroaromatic groughwhay be optionally
substituted. In some embodiments, the aromatietaroaromatic group may be monocyclic
or bicyclic, having 5-12 atoms in the ring systemd comprising 0-3 heteroatoms selected
from O, N, and S.

[0020] In some embodiments, the ligand has a formula tsldoom the group consisting
NH SOzH

2 HoN
i 2 2 2
f 4-C-NH NH, 4-C-NH £4-C-NH 4-C-NH NH,
O EH ) ) 1



16 and X2 are each independently selected from 0, S, NH, and a covalent bond; and m, n, and p are each
independently 0, 1, 2, 3, 4, 5, or 6. In another embodiment, 1, 2, or 3 of the H atoms in the above
formulae may be replaced with an equivalent number of OH groups and/or methyl groups. [0025]In an
embodiment, the linker comprises a structure selectad from the group: Ra Rb RC Rd ; -)C-Rb Ra and in
which each of X1 and X2 is independently selected from 0, S, and NH; and each of Ra, Rb, Rc, and Rd is
independently selected frogddHOH, and methykd@fp26]In angifjer embodiment, the linker comprises a
structure selectéd from group: OBIOH HAH -CH2- JUMOHOHOHOH oL OHOHOH HC CH OOand
[0027]The Iin%mw@‘he IigaédQOI\ﬁ-Iupport%—Tth 50 @. port mgy be of the form typically
used for chromatography fedia, e.g., porods or non-porous beads‘\or irregx&amp s, of, for example,
about 0.1 um to about 1008'{im in diamét&}. These beads or particlé\g)éan be derivatized with the
combination linker and liggnd. The beads or particles can grovide a chromatography medium that one can
use to pack a &umn, for-example. A%ieﬁp@ i i, gome gmpodiments,the solid support comprises
fibers, memb%n%?,"i')rg@'—l ke materialS\pgfmeated With ope\' sor 5ores in, for example, the
micron to multi-millimeter sizes. [0028]Suitable solid supports are known in'the art. In an embodiment, the
solid support sgtl%_ com an ar %DILC t@k}\lal. E e%_plﬂry%@%nic materials are palysaccharides, such
as cellulose, starch, aggr./agarose, and dextran. Synthetic polymers ar@contemp(gted, including
substituted or unsubstitutegpolyacrylamides,Npplymethagnyfamiggs, olya¥fyiates Noolymethacrylates,
polyvinyl polymers such as polyvinyl alcohol, polystyrene, polysulfohe, and copolymers of styrene and

divinylbenzene, and mixtures thereof. In another embodiment, inorganic mat%{ials,\l;plgy be used as the
solid support m%terial. SucNHmorganic materialgzinclude but are L) Iimitlied to porqus ‘mineral materials,

such as silica; hgdmngﬁﬁaini Rilica, Hrehnia, titafia, alups Qa; ang-athien @

possible to 17 use mixtures of eSeMateriglt, or-coppiisit erials formedby copolymerization of or
by an interpenetrated netwiqk of two materials, such as thog

5,234,991; and 5,075,371. [0029]In an embodimént, the inventive substrate exhibits ligand densities
(number of ligands per volume of substrate) of at least abaut 20 umoWf1 substrate, at least about 30
umol/ml, or at least about 40 umol/ml, or at least about Of—'ﬂ some embodiments, the ligand
density is less than about 180 umol/ml, for example, less t 150 umol/ml, or less than about 100
umol/ml, or lessghan about 80 umol/ml, or @ em_,gbout 60 umol/mi-mHle about 50 umol/ml. The
ligand densitysmayipe @e RAge ofcfrom apoyt 20 umol/m1 to ab@u@t@lgem from about 30
umol/m1 to about 150 BrQl/ml, or feon ki @o umol/m1 to about 1 mol/ml, or from about 50
umol/m1 to about ' ' OH ’
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80 umol/ml, or from about 30 umol/m1 to about 60 umol/ml, or from about 50 umol/m1 to about 60
umol/ml. [0030]Other embodiments of the invention are shown below. Here and throughout, a black
rectangle in a formula represents a solid support. [0031]In yet other embodiments, the invention provides
a substrate having a formula selected from the group3 100 N 111-12 0 Wezt.'NO N NNH2, NNH2 NH2
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[0032]In another embodiment, the present invention comprises a chromatography column, comprising a
tubular member having an inlet end and an outlet end and packed with an embodiment of the substrate
described herein. The tubular member can be made of any suitable material, such as glass, plastic, or
metal. The packed substrate can be abutted on one gnd, or on each end, by porous members disposed
within the tubular member, which keep the substrate fixed within the tubular member. [0033]In some
embodiments, gravity flowyof a liquid through a column is sufficient, e.g., for contacting a substrate with a
liquid sample, washing fluig; /op eluant. In other embodiments, the column may comprise one or more
fluid moving devices to iev upward or dowryvard flow of fluid through the column. Such devices
include pumps, fjdkto d any Bther device typics i iafon with chromatography
equipment, as is kng2 in the art. [0034]The chramatog y coluggn can be/of ahy suitable volume. For
example, separations on a labgjatory stafe-Nrh »@ ant a C@I‘Urtgl 7O @&ga_s}&ﬁﬁxample, about
1 milliliter or even about lmﬂefoliter. Large scale purification and isolation piologamal éugstances can be
performed on columns as largéNes, for exam;ﬁé'\,l about'Bed liters. More typic&HsolumedVare, for example,
between 1 liter and Igrq\p liters. The column is tubular in general shape, but is not otherwise particularly
limited in length®r didmeter. Depending upon the context in which the column is employed, the column
diameter can-ya&ym Y, for example, about 0.5 mmiesihoyd 1000 mm. Additionally, the column
length can 22 vary betWween, for example, Hdut 50 A to t 1000 mm. Thus, the invention
contemplates columns of a/vatiety®f dimeﬁ%ﬁ)ﬂgﬂi grre rﬂﬂng volumes. [0035]In an additional
embodiment, the inventioR inclu @ process for,myaking the' substrate. The method generally comprises
activating the solid support by contactiftf the solid’support with one f %Wé(lilf{)%frhﬂg?fﬁrs 8¥1al reagent
that comprisderpasiaeriadlicdtteetiakestidoind the ligage midisitine Isidet supporecidue activated solid support

IS subseque@gﬁcte%%{ﬂbpgﬁ%@%mﬁ’qﬂg)ﬁ)égﬁc? ﬁgg ”%aﬁfqrﬁ(a”g)rm a bond between the linker and

the ligand. T nctional reagent may comprise at least two functional groups including but not limited
to chloro, bromo, iod ,(.?spoxid arboxyl, ester, aldehyde, ketone, amido, alkenyl, cyano, and imino.
[0036]Another emb&%&é’ﬁ'ﬁ'v@ﬁéion is a.method for the separation of at least one substance from
a sample. In one embodiment, a method’c‘fm%ﬁ%g a sample comprising at least one biological substance
with a substrate co S contacting a substrate according to an embodiment of the invention with the
sample for a period e sufficient to allow the at least one biological sybstance in the sample to bind to
the substrate. In a pre erre(8péﬁ?ﬁ&&?rﬁ@rﬂfc{ﬁ]@%&rh%%l%@%rﬁﬂé%%c ﬁ%r&mét}%g@b'ﬁstrate with a liquid
sample that comprisescanissis @ né hdrstapgedyvhayemidie ks aost arby| adstobalty shessitidsttate; and (b)
adjusting the pH, ionic@Hﬁ:69&&&9;39{2}@[@%@@&%&t}pﬁyﬁ%@g@d&ﬁ@b&from the substrate. In a typical

embodiment, the method further comprises washing the substrate obtained in (a) with an equilibrium
buffer. [0037]Anothef efthdeihddt dralegamveRtibn et edky| pret¥al for BYeffakimptke substrate. The
ligand described above is chemically immobilizedan theFFOIid support by forming covalent bonds between
the solid support and the linker, and between the&ﬁmr—md(mgjga@d?gmcglbmﬁhe solid support is first
treated with a bifunctiogaj,eagex thabsemnes, to introdug®onto the solid support reactive groups that
form part or all of the linkey. For some solid supports, such as cellulose, composites containing a
hydrogel, or other mater_igis_ resenti roxy, ps, it may bg advantageous to deprotonate the
hydroxyl groups with a hydrcl)e{f((eje?g3 égl}gggy ?oﬁgxélgrép e,_pri?qu\cljg réig% ith a bifunctional reagent. The
bifunctional reagent is capable of reacting both with the soli suppor?an with reagents that contain the
ligand. Illustrative bifuncti@nal reggents, which ¢ in the sarf@e or differeptfynctional groups, include but
are not limited to epichtor6hyidiir: efsibfanatih i‘hoan@l‘éﬂdfﬂ@ol, dibromobutane,
ethylene glycol diglycidylether, be@@iediol 23 digiycidylether, divinyl&dfdne, allylglycidylether, and ally!
bromide. Ally! heterofunctipnal compounds, such as allyée?romide, are preferred bifunctional reagents.
[0038]Once functionalized tha_splid EWLL@/)@Q&\IW bsequently washed extensively with one or
more solvents to remoﬁr_ltﬁfac%g%%#ﬁnctio ‘teagent Te¥ctioh i AILEE Bt both. A typical solvent
used in this regard is watgy. [0039]The ligands may be introduced by way of reagents that react with the
functional groups presentgdyfy-te fuy @@@Jize_déququktpgg)gltm|@§we- The ligand reagents
may be prepared by synthetic proeegses known to those o skill'in th&\a#. [0040]The particular pairing of
a bifunctional reagent with a ligand reagent is guided by well-known chemistries. For example, solid
supports that are functionalized with epoxides may undergo reactions with mercapto, hydroxy, or
amino-containing reagents to furnish a substrate with ethylene-containing linking groups. Other solid
supports that are modified with ally! bromide, for example, present alkene groups that can be reacted
directly with mercapto-containing reagents, thereby providing linkers that contain sulfur atoms.
Alternatively, the alkene groups can be further brominated to furnish suitably reactive bromo derivatives.
In another illustrative method, a solid support may be allowed to react with a sulfur-containing bifunctional




[0041]In an alternative route, a solid support, activated as described above, may be treated with an
intermediate bifunctional reagent. The product of this reaction may subsequently be treated with a
reagent comprising the ligand. An illustrative example in this regard is the reaction between an
allyl-activated solid support, as described above, withgnercaptohexanoic acid. The resultant pendant
carboxyl groups can be reacted with any convenient ligand reagent that bears, for example, a primary
amine. In embodiments that employ this methodology, it may be necessary to use cogypling reagents such

as N-ethoxycarbony1-2-e omy-JHZ-dihydroquinoline (EEDQ) o commonly-known ¢ ynides such as
dicyclohexylcarbodlimide- Dé@ci—@h&b&(ﬁ-dﬁmtbwaminopr'épul)gatt}@gumig@y
N,N'-diisopropylcarbodiimide (DI#), or 4-(4,6-dimethoxy-1,3,5- triaziniyyil)-4-methylmorghiolinium
(DM-TMM). [0042]The concentration of immobilized linker and ligand can vary as is known in the art
between, for example, a fgaction of a micromole tq several Rumdrédhicromoles per milliliter of solid
support, depending upan g1g gogteptration of bifdhidY ﬁ?{r%ﬁ&'&ﬁﬁ%fﬂb%? FreC2r2¥3lid support. Low
concentrations of the immobilizeggygqup typically result irclogy)segaraiionspargity of the chromatographic
material, whereas high concentrations generdlly lead to increased capacity. [0043]In certain
embodiments, the substrage of the present inventigg can be gsed to separate an Y.desired, purify, a
variety of substances, mc&;dhpgﬂio[@g'@glgwglﬁuwmlecmésmpc&i@qgjg)agwugglazqes such as
antibodies, proteins, glycoproteiggdHsion proteins, recombinant pretgHis, tagged proteing, gnzymes and
biological catalysts, peptides, cells, bacteria, viruses, virus-like particles (VLPs), vaccines, nucleic acids,
carbohydrates, and lipids.iOthertsubstances that are suitable for separation (and, if desired, purification)
include oligo- and polysaceHatides, fipGpdl¥acarides, polypeptides, and synthetic soluble polymers.
The biological substances typica‘ﬁ? rive from, or are contained in, sources including but not limited to
liquid samples such as saliva, biological fluje,tkine, lymphatic fluid, prostatic fluid, seminal fluid, milk, milk
whey, organ extracts, plant extracts, cell e , cell cultures (including cell lines), fermentation broths,

serum, ascitdS4Ral, arld ARSFERROPIRN EnT-anifRAIeSAME RNIW i BxH Y el NapiBYb feEPAaIl includes
any treated ogupieatem fitHo assaskaited matbdivingdnoaniams coatisingrir kipodoasrkding whole blood,
warm or cold blood, cord blood, and stored qr fresh blood; treated blood, such as blood diluted with at
least one physiological solution, including not limited to saline, nutrient, and/or anticoagulant solutions;

blood comporsnis. SHchiras platriginsenesntrate:fréskmiapeleiyicopplasana R eateietpeor plasma

(PPP), platelet-fr lasma, plasma, fresh frozen plasm FF%m neats obtained frgm plasma,
packadred coIR TV TR om e A L e, B ol PR o bloo or

a blood component or deom bone marrow; leukocytes, stem cells; red cells separated from plasma
and resuspended in a physfolgical solution or a crygprotective fluid: and. platelets separated from plasma
and resuapontP R oot st o e R C R B e A B R ee o
physiologicalfsgiutienatomipeistpingarfe marrow aspirate. The biological fluid may have been treated to
remove some of the legkocytes before being used according to the invention. Blood product or biological
fluid refers to the comdbmmﬁgd@caggm@bgy@@@g@ simﬁ?ar bloo ducts or biological fluids obtained
by other means and with simifgygproperties. [0044]In tﬂisﬁ)ﬂf&&ﬁgﬁy pipfgrred class of
biological substances is immunoglobulins. The "immunoglobulins” category embraces whole
immunoglobulins, includingq monoclonal and poly¢lonal antibodies, as well as Fab, F(ab')2, Fc and F,
fragments, 25 and other gnginedred antibody §pe¢ In an embodiment, the immunoglobulin may be
immunoglobulin G (IgG)_.ﬁﬁ%Fhﬁ?lVé%ﬁ%P deitionally.-one or more of any of the following: IgA, IgM, IgD
and IgE, can be bound. In some&bodiments, IgA and/or IgM are selectively bound.

[0%45]Chromw@ygpphi¢rr]$@ngaatm @ﬁf&&iﬂwd@ﬁm@dm%ﬂiﬁ%@gnmﬁttg_@ fganinetgie, deriexample,

substrates comprisin romatographic lon exchan resins, an ropnooic | teraction.

chromatograSHORAICH RELe bR o S BT RRE AR doe A oI Soagapd to

physiologicalthéisaumdtancenic stréngtit. Theesudsteat® oittitedrgatio amiaiidnkse ity bepéoate

substances | | methods, including, for example, those disclosed in International
RUR A

Publication No liquid sample containing one or more biological substances is

contacted witl?@dtlembbBgiake bhipieadiyisarapa srtaid ase ANBEidP elSeritiNof irae siffedmeit allow at
least one biolpgical substance et ubstrate. bypicaibsHhsgenigctperiod is b en about 30
seconds to a ﬁ'l EBW%%%E% t)a"%{abdﬁé?%en%f a (r?g%t’hodl(%f Jtare;‘(ting;ﬁf';t sam\ﬁ%bercedpn%\:ig’ng at least
one biological substance comprises contacting an embodiment of the substrate with the sample for a
period of time sufficient to allow at least one biological substance in the sample to bind to the substrate.
[0047]In another embodiment, a method for separating at least one substance from a liquid sample
comprises contacting an embodiment of the substrate with a liquid sample comprising the at least one
substance, wherein the substance adsorbs to the substrate; and adjusting the pH, ionic strength, or both,




[0051]If appropriate, the pH, ionic strength, or both, of the liquid sample may be adjusted prior to
contacting the sample with the substrate. Additionally, or alternatively, the sample may be concentrated,
diluted, or mixed with additives such as salts. Typical capture pH values for a range of proteins is from
about 4 to about 10, although the capture pH can beibigher or lower. Typically, a pH in the range of about
4 to about 8 promotes protein 26 adsorption to those substrates that include a cation exchange moiety,

while a pH injhe yagaecARRUE SetitiaRiy' 48 el ARGRBPIS NN B2 NS RARINM R phangg moieties

are used. In some embodiments, the substrate may bind Eroteins at a pH of about 5.5; or at a pH of about
i

7.2; or at a pA'BrAEBIRECHEPRRIIVEE, hé stitktraty & W@ﬁ@%?%ibf%r%ﬁ%@ﬁdﬁ?f@@ﬁhe
substrates ofith@érnmesiofareilaetiayited ey e ibmnsireagiaiihheeonael grdsaartpdised with
samples havir%%tlr?vlv argg high ionic strengths. Many biological substances will readily adsorb to the
substrates at p yéliogogl&ﬁ' ionic strength. Physiological ionic strength typically ranges from about 15 to
about 20 mS[6AR5hItholnghnteendinstré rigen cke e grerises ardegstatentat thiosethaluesipTypical salt
concentrations that correspond &9 tEgs raﬁtg% Il within abgeit Q1 to about 0.2 M, preferably 0.14 to about
0.17 M. [0053]The temperatursgwga iquid sampl‘e/ié@nxa\c}ed with the substrate varies between
samples and a given chromatogfaphic material asis¥ifbwn in the art. Iffrefe'rably, the temperature is
ambbient, bur: i Qﬁg]d@ﬁaﬁiﬂh@f %&%néhm&ggﬁ@ﬁﬂy[e&%?ﬁ&%mww [N ripmct?!lwiih the
substrate, the_substrate is prefer washed with an equilibration buffer as is known in the art. An
equilibration Bﬁ%@dsﬁd%wgp Wﬁ%@g@i‘?&%@%‘?%gp&ﬁgte\‘ﬂﬁﬁgﬁe{lﬁéliquid sample was contacted with
the substrate[Gedéjhernhorxathe reguibibdationt biléd mikerstas irsest b disatsstiette d Glostaihesy toat do not
adsorb to the substrate. Suitable equiligration bufferggare known in the art,gqd include, for example,

acetate buffer agg phosphategbufferedlsalige. Th%ﬂw)ggc%@%a@@, soaking, or
dipping the substrate with bound bio ogical substance into the equilibration buffer. Alternatively, or

additionally, the equilibragion buffermay be ringed, spraged,, or Washﬁ over the substrate. [0055]The
desired biological subsjtahggw@dwweyéi\@ds@ﬁ@ﬁgs Oln othgrembodiments, the
biological substance of interest may be removed in, for example,'the equilibration buffer washing. In this

case, the substance may be isol%‘édé‘ro the buffer bymgk offein the art. In another
iC S

embodiment, the desired biol a doesamat te, but the impurity to be

dd b - . IS, , i I ' t d
from the loadh o0 putrer Bn B S S e B B ot
are adsorbed@mHgricAtiAREI) SHENB4IRsHEN TG HHadRPES SRBUHRAEIHCAGIR SiNEEBIdaiH to a

value where figRybstBNG8 ASeHRBR, B IRM.A1 WHGD HESVRIOR arGHENhgRRENKbLGOBthe substance
and upon a given substrate. For example, for substrates that comJ_t)rlse an anion exchange moiety,

desorption tyPREMFSCANLeFLEVRIZE DL HHferRERIRAHERY YIS dhE Gers g i SSout pH 3.
For substratesathptaddesiskramatignapkshardzimdietyo ik esgaid gt ent cippiie doty@icatlylstarts at about

pH 4 and is i ditoa H1l F strates that rimayily h hobic groups, the pH
gradient for ﬁ%ﬁ%‘?{;’ﬁ %}p‘)ﬁ:%ﬁb%tg%ﬁg% gbgoHuF% éﬁ%sgﬁ]%aslg @%‘%fé%eeé @%ﬁbﬁéﬁﬂ) éﬁggl" éﬁbstrates that
feature prima#iQNgRspHOBIE SRS MRRRIAVIN aRaDifigsserRPYtHayexAeHles Hiednigphde awliescribed

below. The pKligaRks agisisted by any routinely available reagent, such as aqueous solutions of Tris-HC1
or carbonate buffers. [0057|I|n some instances, as mentioned above, adjustment of the eluant ionic

strength can {A&8hse Feld YRR S AG RN SR SUHBIRRRLRIRRL HIR SRYEE SHRRIFY
hydrophobic grayipsnipesioaic stgangtimessibe doerepked oapeamitastlyevibiyidcdisde gspetialty so for

materials that itionally comprise -NH- maoietje hi an gjve rise to mild ionic charges that become
sty 1110 e S N D r NS i e
Typically, sals¢bsidaiaecapiomsstarstiotpreseliacutrmisesh pethnortamidas apadryaesor about 0.5 M.

(0058[Typicaly e dEERADIINNIRG) SubRiBRcsa- o aRMRIbAGO RS reRdl FRRAaTBHITer

processed if desired. Typical purities of biological substances, such as antibodies, that are purified in

accordance A ERMSOATIRENRE Y ERBSRhENNYRSaBNR AL ESHSTEh LBARPEIRbodiments about 85%
or more, anddnyedirierahby e 46 abaybe Wed CeahdsgaOR prakGAIMSILh thergamistrate of the
invention may e yed {9 purih piolegiadl sbstances and Amuliansousiuemaye aqgiegales allowing
for one-step purlﬁca ion andeaggregate removal.” In'some embodiments, the Su et preﬁarentlally binds
biological sulsstataissg silsta agicanianidglubudihenipesfeidiplyceranticlmadt ualtib dtie 8)sovpilesie ltinding
aggregates. Thus, a sample comprising a biological substance to be purified may be contacted with the
substrate, as described above; the biological substance will be adsorbed to the substrate; and the
impurities and aggregates will pass through. The purified biological substance can subsequently be
desorbed and collected as described above. In some embodiments, amounts of aggregates in the purified
biological substance are less than, for example, about 10%, such as less than about 5%, or less than



containing the biological substances with the substrate, and selectively adsorbing at least one biological
substance in the solution by the substrate. In the event of the desired biological substance(s) being bound
to the substrate, the elution of the latter allows it or them to be 28 separated and collected in a purified
and concentrated form. If the desired biological substance remains in the treated solution (the other
biological substances being bound to the substrate) then the desired separation can be obtained directly

by collecting tag filaedARGARESIRIRN IS WP SHES AECRIMIRSH IR B CBF RIS AiishiByY BRIGN can be

regenerated repeatedly without degradation. Regeneration may be carried out by procedures known to
those of skill I HREERENETRASG RN ednaler &b sukiBask e eesiftdr td PwiithtenEgeneration
solution, sucls 26&qo708230d9MM AN BER3 M .an embodiment, the substrate is contacted with five
go'“m” Vo'u'fjé‘gz f1 'Vn'n'\t'aan‘%'ﬂmt?‘:%i?ng‘r{{"FH“%&é’n'}.té‘é“?fdB‘s‘%rg{égxm&g[?]x%%gfd%‘%ﬁ%‘éi‘g&' p) 3dditionally, the
ubstrate may be tontacted with an acid solution, such as aqueoushydrochloric acid or aqueous acetic
acid. In an erigtimper vivlersalsstsatisisitmbateennihbPug roolimhsuasiviaiesabfenst bE@ 1 or 0.1 M acetic

acid, for a miggnym,GNtBFLIBELLAB I RoMETsRlvR QlEdAlIRBRMY. hrssuhstrate may be

contacted with a salt solution, such as aqueous sodium chloride. In an embodiment, the substrate is

contacted wittMRRANBRHH Ms1liRnd seDngiNgtess ihea AlRIMMR ahi i RRRIE 3§ TRiAR &0BBore
retjjse, the sum@@ﬁﬁfﬁmr,e&n@bytmaso]lmﬂboqqmﬁbn%ti@@ I?Mﬁ&fjb%h@@@[ﬁ?ﬁﬁm ﬁm thgrcompositrilon
and concentration the r neration solution a te one of skijl In the art based on the
ttre of the Ao PO A R S A B e e S S B B e R et
[0062] The ill fearatlERAaOk M) ¢z tié8Cribed mblofreraabBe wsetltin to ety 50tEoiiqies,
including, for example, RERSIANKEAENAss LTI MRS frsaRemblkisizamhbnt Andhaich

chromatographies. Alternatively, the methods can be practiced in, for example, the context of high
throughput sé9tEIRIMe & HigleaP@tHt IRilreokeH &xahfitk SQmme PHEGIRLRPQER A8 HIFIRIMNS or

multiwell platgfeursdsiyagrel device volumes can be as small as a few microliters. [0063]When using
batch adsorpgjon/separation, the substrate can be added directly to the solution of biological substances,
and the subal Hbo gL SBRNEE T AN Iy Bort o a R o AL CORer: to llow the
biological sulidtakcestembimihta thensild straesenteasshispatp, with adsorbed biological substances, may
subsequently e pmoyeqdayfer examelfmerRe iuatan oh Hirpiinmand ba iplgdiGaltkstances
subsequently eluted from the substrate In a separate step. [0064]In another embodiment, column
chromatograSBipeRs Hem figiauBed bed column chromatography, the substrate is packed into a
column, and the solution which 29 contains the Inalogical substances to be separated is applied to the
substrate by pouring it th(gough thg suésate that allows the bigfogi bstances to bind to the
substrate. [0065]In mz@dﬁéd/co ro atogra!{g ising filtrationvflow-ana lgrge/dense particles
are used in order to Maintain equilibriun{_'against the riSMMg forces. An essghtially vertical column, typically
composed of between 1 and 5 stages p@ceop of the other, is used, and the solution successively

passes through each %%déaw off b overflow on the upBer péart ¢f the upper stage.
Preferably, the columrjjigs three Stagés. Bhach stag!wﬂuhe\ex@’ i ke uppermost one, is
separated by two distribution systems, one distHizt™® the solution at thé base of the stage in question,
the other distributing the solution towards the stagﬁzlocated immediately above, [0Q@6]In an embodiment,

a column comprising the present sub rathﬁajﬁe used in tandem with €olurins gomprising other
substrates, which w ingliminating diffjin®i ith

friple. Thus, one or more
advantages of the p™ent column can & viewed as, g complementaryito the characteristics of other
or conventional columns. In this context, such a tandem arrangement of columgs, would conserve eluants
and equilibration buffer, thereby reducing, if not eliminating, the need for additibnal sample manipulation

and preparation. [0067!The following &xa leNfurther illustrate the inv tioH bul) of course, should not be

construed as in any Firoiting 4 F .9@681’I‘hi8 Rgfyates a process for

synthesizing a ligan®™eagent methyl H )

H H
NH,
N )\IN o NH,
l/O\/\/S\)J\N)\/km ./O\/\/S\)LII:Ii
H



2434tert-butoxycarbonylamino)-54isopropoyycarbonylamino)benzamido)acetate. [0069]Glycine methyl
ester hydrochloride (675 mg, 5 mmol) is dissolved in DMF (15 ml) and hydroxybenzotriazole (HOBt) (675
mg, 5 mmol), 34tert-butoxycarbonylamino)-5- (isopropoxycarbonylamino)benzoic acid (1.76 g, 5 mmol)
are added. The reaction mixture is cooled to OC andid,N'-diisopropylcarbodiimide (DIC) (1.54 mL, 10
mmol) is added slowly. The reaction mixture is further stirred at O C for 5 minutes and at room
temperature overnight. Water (100 ml) is added and stirring continues for an additional 20 minutes,
followed by addition of ethyl acetate (100 m1). Crude product is stirred for an additional 5 minutes, and
the organic layer is separated. The aqueous phase is further extracted with 0 ml ethyl acetate, and

[ [ [ V\6th Na2S©4 dnd ¢ ntrated under vacuum.
301 0NH [0070] 2 . in‘ethyl'acetatefhexane Yt affords 1.65 g, 3.9
mmol white solid, 7888 yield. 1H NMR ((BDC 3) 72 (s, 1H, aromatic), 7.509s, 2H, aromatic), 6.50 (s,
1H, amide), 6.60 (s, 2H, amide), 4.22 (dd, 2H,), 3 80(s 3H), 1.55 (s, 18H). LCM ggn mode: ESI)
m/zcalcd. 422.20, found 422.00, IM+Nalf 466@6’0EXAMPI F 2 [0071]This exam ?e emonstrates a
process for preparing a para- phenylen diamjng (PDA) derlvatlve of ceIIuQ)se 2]100 ml of a 50%
slurry of cellulose be e wash%drgﬁen with 1 ﬁ n and then with water
until neutral pH is obt ingd 50l ofHe are added 50 mHof ium hydroxide solution
at pH 11-12 and 5 ml'o chloroacetlc acid. The resultant mixture is then stirred for 24 h at 60 C. The
reaction mixture is allowed to cool down to rooNO{emperature, washed to remove the unreacted
chloroacetic acid and then neutralized. 073 e density of COOH was 6Q.4mpl/m1 of beads and is
determined by acid-b ti atlon fog he tta i I‘IOUS fug ctig al@g;éﬁomno ml of the beads of
carboxymethylcellulo:ﬁ‘( is Svging oc-ﬁ-p nyl8Hediamine (0.374 g, 1.8
mmol, 3 equivalents) in the presence of E C (Rt mmol) in 0.1 M MES buffé¥tat pH 4.7. The reaction
mixture is washed to remove the excess of Boc-p-phenylenediamine and the Sé%emroducts The BOC
protecting group is removed with 3 M HC1 to give the material shown below I-r’2,\ﬁ92075]The product is

white, and the density of the ligand w&s 43\/\i/m1 of beads
\/\/S\)L
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determined by nitrogen elemental analysis. The product is stored at 4-8 C as a 50% slurry in phosphate
buffered saline (PBS) at pH 7. 31 EXAMPT F 3 [0076]This example demonstrates a process for
preparing a para-phenylenediamine (PDA) derivative of cellulose with a sulfur-containing linker. [0077]100
g of cross-linked cellulose beads, suction dried to a wet cake, are mixed with water (75 g), 32 % NaOH
(19.5 g), and allyl bromide (18.75 g). The mixture is tumbled for 24 hrs at room temperature. [0078]The
beads are extensively washed to remove the unreacted allyl bromide and byggpducts, yielding
allyl-cellulose as a substrate for the attac @fl various functionalities. [00%9]1Q0 g.of allyl-cellulose
beads, suction dried to a wet cake, @jre xe Wlth water (99 g) and 2- mer9apt ace @ id (1 0g)atpH
11 - 12 and the mixture is tumbled for 48 h 3t rSom temperature. The resultas N rboxsT denvative is
washed to remove the side products ding- aC|d activated cellulose as a sy Qstrate for the attachment of
various functiguelit he CI
analysis. [00 0.0 mI of a 50% urr of the obtal cid<activated bavid 1 themHzondensed with (0.562
g, 2.7 mmol, 3 equivalents) of Boc-p- phe?nylenedla in 0.1 M MES bliffer at pH 4.7 in the presence of
EDC (3 equivalents). The reaction mixture is shaken for IHh at room temperature. The mixture is
extensively washed to remove the unreacted Boc- nedlamlne and the S|de products of the
reaction. The BOC protecting gr %remove
[0081]The product is white, and |ty gand is 78 umol/m1 of beads
determined by nitrogen element st q|at 4-8C as a 50% slurry in PBS
buffer at pH 7. EXAMPT F 4 [0082]This example demonstrates a process’for preparing a
meta-phenylenediamine derivative of cellulose with a sulte-containing Ilnker [0083]10 ml of a 50% slurry
of acid-activated cellulose beads obtained according t protci:iliej;ﬁbed above in Example 3 is

condensed with (0.562 g, 2 7 ni/@,\/qw/age\ngk




32 of N-Boc-m-phenylenediamine in 0.1 M MES buffer at pH 4.7 in the presence of EDC (3 equivalents).
The BOC protecting group is removed with 3 M HC1 to give the material shown below: 0 NH2 [0084]|The
product is white. The ligand density is 62 umol/m1 of beads, determined by nitrogen elemental analysis.
The product can be stored at 4-8 C as a 50% slurry poPBS buffer at pH 7. [0085]The same product is
prepared by coupling m-phenylenediamine instead of N-Boc- m-phenylenediamine, and the ligand density
is 64 umol/m1 of beads. EXAMPT F 5 [0086]This exarg emmonstrates a process for preparing an
ortho-phenylenediamine derivative of cellulose with a sulfur-containing linker. [0087]10 ml of a 50% slurry
of acid-activated cellulose beads obtained according to-the protpcol %Qyﬁbed above in Example 3 is
condensed with (0.562 g, 2 7 mpaal Gwegt/sﬁ\of B0C-0 ylenediamine in 0.1 M MES buffer at pH
4.7 in the presence of EDC (3 ejvalents). The reaHtion mithre li\lsl_lshaken for 24 h at room temperature.
The mixture is extensively washed to remove the unreacted Boc-0-phenylenediamine and the side
products of the reaction. The BOC protecting group is removed with 3/M3dC1 to give the material shown
below: NH2.[0088]The product is white and the ligand i ol/m1 of beads, determined
by elemental analysis. The product is stored as a®0% puffer at pH 7. EXAMPT F 6
[0089]This example demonstra cp)@ee§§m\r/pue inopyrimidine derivative of cellulose
with a sulfur-containing linker. [(E#0]10 ml of a 50%slurry ofO cidractivated cellulose beads obtained
according to the
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protocol described above in Example 3 is condensed with (0.395 g, 2 7 mmol, 3 equivalents) 33 of
4,6-diaminopyrimidine hydrochloride in 0.1 M MES buffer at pH 4.7 in the presence of EDC (3
equivalents) for 12 h at room temperature. The product is washed to remove the unreacted
4,6-diaminopyrimidine and the side products. 0 NN K2 [0091]The beads derivatized with the
4,6-diaminopyrimidine are white. The ligand density is determined to be 30 umol/m1 of beads. The beads
can be stored at 4-8 C as a 50% slurry in PBS buffer at piH,7. EXAMPT F 7 [0092]This example
demonstrates a process for preparing a 2,4,6-triaminopytimidine derivative of cellulose with a
sulfur-containing linker. [0093]10 ml of a 50% slurY, actlvated ceHquse beads obtained according
to the protocol described abovg!f P ISapreo 0
solution and then with 0.1 M M uffer at pH 4.7. Kiterwards, the beadgare mixed with 3.5 mmol
2,4,6-triaminopyrimidine dissolved in 0.1 M MES (3 ml) and 2 I\?Hé?LH(l 75 ml), followed by addition of
EDC (1.5 mmol) The reaction mixture is tumble &bRoo emperat e for three hours, and cleaned
extensively to remove unreact ebagents d S|de NN H2 [0094]The product is white
with a ligand density of 30 um s detedmined b ele enﬁéﬁl analysis. The product is stored as
a 50% slurry in PBS buffer at pH 7. EXAMPT F 8 [0095]This@xample deraodstrates a process for
preparing a 1,5-diaminonaphthalene derivative of cellulose with a gulfur-containing linker. [0096]10 ml of a
50% slurry of acid-activated cellulose beads obtained aceording tolthe protocol described above in
Example 3 is condensed with (0.427 g, 2 7 mmol, 3 equivalénts)|of 8. -diaminonaphthalene in a mixture
of methanol and 0.1 M MES buffer at pH 4.7 in the 34 OH

'O\A/S\)LH

NH,

[0032] In another embodiment, the present invention cosegra chromatography
column, comprising a tubular member having an ietet and an outlet end and packed with
an embodiment of the substrate described herdie. tdbular member can be made of any
suitable material, such as glass, plastic, or méthe packed substrate can be abutted on one
end, or on each end, by porous members disposhaohwlie tubular member, which keep the
substrate fixed within the tubular member.

[0033] In some embodiments, gravity flow of a liquid thgbua column is sufficient, e.g.,
for contacting a substrate with a liquid sampleshwag fluid, and/or eluant. In other
embodiments, the column may comprise one or maré fhoving devices to achieve an
upward or downward flow of fluid through the colum8uch devices include pumps,
injectors, and any other device typically employedssociation with chromatography
equipment, as is known in the art.

[0034] The chromatography column can be of any suitablemwe. For example,
separations on a laboratory scale may warrantuarooiolume as small as, for example,
about 1 milliliter or even about 1 microliter. Igarscale purification and isolation of
biological substances can be performed on coluraitarge as, for example, about 5000
liters. More typical volumes are, for example vizetn 1 liter and 100 liters. The column is
tubular in general shape, but is not otherwiseiqadarly limited in length or diameter.
Depending upon the context in which the colummipleyed, the column diameter can vary

between, for example, about 0.5 mm to about 1000 Additionally, the column length can



presence of EDC (3 equivalents) for 12 h at room temperature. The product is then washed extensively to
remove unreacted diamine and side products. [0097]The beads derivatized by 1,5-diaminonaphthalene
are off-pink The ligand density is determined by elemental analysis to be 41 umol/m1 of beads. The
product is stable and can be stored at 4-8C as a 50%z2slurry in PBS buffer at pH 7. EXAMPT F 9
[0098]This example demonstrates a process for preparing a 2,5-diaminopyridine derivative of cellulose

with a sulfur-capjajBiRe dinker- d99ABIE O G 5o3RRe Wity b AfIf-aHiNIRE [RIUHESS beads obtained

according to the protocol described above in Example 3 is condensed with $0.491 g, 3mmol, 3
equivalents) S GARIHBRFRHANEIPL A EEIRB i BNEIRNRAEEESRABHIRONQUTER the presence of EDC (5

equivalents). [fbgsproduchis fidriosaiedynvasineshtotreniemiteaciriserges o amdiditetpeoducts. N
[00100] The tg(uagds (%Iern/r%tézed twgg the 2 -dlamlnzg)é/rldlne @re wpge. The ll and Egﬁ/}]tifﬁe% umol/m1 of

beads, determlnggab?/'elemérr]\?al angﬁ/ré(las'r?l %Oprpr e aé‘g“ estored ar 48 Madh urry in PBS

buffer at pH %.OE«&mmrEvmm[_ooamr}crin'@aégam@@immestamsﬁegpmmm@Ia)f the
2’4’6'“'meth%k%ﬁb%ﬂ&%@%ﬁqaﬂﬁtg?ﬁw%ﬁ@ ofcsilosewiha §H¥W§'&B§6ﬂ'ﬁ§%ﬁ%@:@e[ﬁ 0]10 ml of

a 50% slurry of acid-activated cellulose beads obtained according to the protocol described above in
Example 3 is'E8AEEHYED BREGH0E COPRARSS e d9adIR A Bibbe wiesm EtRYNKE 3 AEHREnediamine
in a mixture aigaeihan binehetibMIViagdriiesat gibfistdashevpesencrphrIps (B aaquivglents). The

product is washed to remaove side products and the unreacted reagents. 35 [0101]The beads derivatized
Wit 20,61 AT b DG A A SRS HE PR TS SO P A
determ_ined bgyelemeantainzinalysis. EXAMF_’LE 11_[0192]This example _demonstrates a process for
preparing a t ethykRoRRERY BBAMRRIRE SleriNalNERTiElIHOfH Wit SpulMisrrsiaininaipker-

[0103]10 ml of a 50% slurry of acid-activated cellulose beads obtained according to the protocol

described abdVeSIREERARINAS AP hEHARR RSUBAHIATH. REHeiB aaRe R SHBIRIC IBREIABAY then with

0.1 M MES byefhet et biclogicaBsasstatcmathblslisktRieaianestiaaotig @ SUpynel dissatiad i6 methanol
(4 ml) is added, foll e addition.of EDC (4.0 mnl%\sp?%\é%d in 0.1 M.MES tq the peads. The

dbyt
s oo bR TR L S e Ime pUGientio Ao e At

least one biological substance in the sample td tarthe substrate. In a preferred
embodiment, the method comprises (a) contactingubstrate with a liquid sample that
comprises at least one substance, wherein theasidesadsorbs to the substrate; and (b)
adjusting the pH, ionic strength, or both such thatsubstance desorbs from the substrate.
In a typical embodiment, the method further congwiwashing the substrate obtained in (a)
with an equilibrium buffer.

[0037] Another embodiment of the invention includes a pescfor preparing the
substrate. The ligand described above is chemicathobilized on the solid support by
forming covalent bonds between the solid suppaittha linker, and between the linker and
the ligand. Typically, the solid support is fitetated with a bifunctional reagent that serves
to introduce onto the solid support reactive groinas form part or all of the linker. For
some solid supports, such as cellulose, compasietsining a hydrogel, or other materials
presenting hydroxyl groups, it may be advantagéoweprotonate the hydroxyl groups with
a hydroxide source, for example, prior to reactidgth a bifunctional reagent. The
bifunctional reagent is capable of reacting botthwhe solid support and with reagents that
contain the ligand. lllustrative bifunctional resds, which contain the same or different
functional groups, include but are not limited psolalorohydrin, epibromohydrin, dibromo-

and dichloropropanol, dibromobutane, ethylene dldaglycidylether, butanediol



[0104]The product is white with a ligand density of 65 umol/m1 of beads, determined by elemental
analysis. The product is stored as a 50% slurry in PBS buffer at pH 7. EXAMPLE 12 [0105]This example
demonstrates a process for preparing a 3,5-diaminobenzoic acid derivative of cellulose with a
sulfur-containing linker. [0106]10 ml of a 50% slurry g acid-activated cellulose beads obtained according
to the protocol described above in Example 3 is condensed with (0.486 g, 2 7 mmol, 3 equivalents) of the

ethyl ester Ofﬁg@%@;ﬂéﬁ%@?&%mﬁ %ﬁi%%aéﬁﬂiﬁﬂ@tﬁé%tﬁﬁﬂ%%ﬂﬁo%lMM%’%ePé’fﬁﬁE@érl%{r' 4.7 in the

presence of E equivalents). Saponificat en carried out using 1 M"NaOH at room temperature

for 12 h to yiéleiRe RILHBA VIR BB B B RISPHRRA) E8@edE  ivatized with this
diaminobenz{io3srid aenel-ivhigoddedigand sensivppatOismploabmtoaadsy detstigtned by elemental

analysis. EXAMPLE 1 %9 08]This example demonstrates a process for preparin .
emethory-6 ST T e, e R R R BRSOl R0 e cer
[0109]10 ml diyare0uestsiueryoofrachitypitearsadvest ulssisdaiderdbswadraccording to the protocol

described abgygadp EX%‘E@!E’P%&SVH&P%[)@ thesRUeBl YDy diek é?ﬁ‘é?éﬁ‘%@dﬁtﬁtﬂ{éﬁ?néﬁwn and then

with 0.1 M MES buffer at pH 4.7. 4-tert-butyl-2,6 diaminoanisole (4.0 mmol) dissolved in methanol (4 ml)

is added, foll V@D RRE GRS HDRIoAY7RDP)diSdErRate Ry P edaRmS. The Iankrapgetinbled
overnight anehaaslestexiens v by HaHem Qrecexsees ki eeapskpide theoghicts. [0110]The product is

hi d 0% sl in PB ff H 7. EXAMPLE 14 [0111]Thi |
fomonsiratod B Blces P TEBIPEEY B RHBEYAAT CaurAR Lo eLiensel A SBIY containing
linker. [0112]8@Irkhoiva S0misitiey. oF acikamplatedlicetuppsiath eael funbtminalir ed vdtdiegoxides protocol
described aDgyg iSRRI 35 SAEA LB DY) WAIBHIASRYS 26 0R lyign and then

with 0.1 M MES buffer at pH 4.7. The beads are mixed with 2,6-diaminopyridine (382 mg_, 3.5 mmol)
dissolved in @.ﬁbﬁﬁwﬁe@@%n}'%@r@mw linking grou@ther solid supports that are modified

with allyl bromide, for example, present alkeneugp® that can be reacted directly with
mercapto-containing reagents, thereby providinkelia that contain sulfur atoms.
Alternatively, the alkene groups can be furthemtirated to furnish suitably reactive bromo
derivatives. In another illustrative method, agslpport may be allowed to react with a
sulfur-containing bifunctional reagent such asmjisulfone (DVS). In this instance, the
reagent comprising the ligand need only to reatit Wie vinyl group presented by the DVS-
activated solid support.

[0041] In an alternative route, a solid support, activaedlescribed above, may be
treated with an intermediate bifunctional reagertie product of this reaction may
subsequently be treated with a reagent comprisi@digand. An illustrative example in this
regard is the reaction between an allyl-activat#idi Support, as described above, with
mercaptohexanoic acid. The resultant pendant ggrlgooups can be reacted with any
convenient ligand reagent that bears, for exanappgimary amine. In embodiments that
employ this methodology, it may be necessary tocosgpling reagents such as
N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EQPor commonly-known
carbodiimides such as dicyclohexylcarbodiimide (DCICethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC), N,N’-diisopropylcarbodiimide (D), or 4-(4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholinium (DM-TMM).

[0042] The concentration of immobilized linker and ligazah vary as is known in the art
between, for example, a fraction of a micromoledweral hundred micromoles per milliliter

of solid support, depending upon the concentratfdnifunctional reagent used to make the



(2.75 ml). EDC (306 mg, 1,6 mmol) dissolved in 0.1 M MES (1.5 ml) was added. The beads are tumbled
overnight at room temperature and washed extensively to remove unreacted reagents and side products.
37 [0113]Density of the coupled ligand is determined to be 26 itmol/m1 of wet beads by elemental
analysis. The product is white and can be stored as 2450% slurry in PBS buffer at pH 7. EXAMPLE 15
[0114]This example demonstrates a process for preparing a 4-nitro-1,2-phenylendiamine derivative of

cellulose Wiﬂkana%tsﬂp%%twmedﬁé@ﬁr&%@ﬁ-%@!Mé@%&?f{y&émﬁé@lﬁwﬁmce"ulose beads

obtained according to the protocol described above in Example 3 is washed thoroughly with water to

remove the sESRAYBIB FRRRANPIHBR WERBAHOM AREIS jakrens high £QNGeNT BT AGRSHEmIne (2.4
mmol) dissolwegtinmeteaset (€pHtis.added, followed by addition of EDC (2.4 mmol, 458 mg) dissolved

in 0.1 M ME ). The beads are tumbled qvernight and washed. extensively to remoyve unreacted
daE R D A o B B e B B e ey

reagents and Sid&'products. e hinal produc
in PBS buffersapptate aarAMiesEets 0nf7 risietyaoh sidsrsmionkising Drlpgicalisrde yweparing a
4.5,6-triaminqpyidmiing fe Ayt Asepliare Vit A SULHECHRLAINIRI Jipkshdtin 8] R,Qign of & 50% slurry

of acid-activated cellulose beads obtained according to the protocol described above in Example 3 is

washed thordligiainsvitRGRETRINANF SFERIETHESUS FH B SHTBVER 2.A0 HAERI ARifR CRIRIVRIE D BRERSSat pH 4.7.
4,5,6-triaminepysmistasiaulimieds, Zirnsme 4 tIes Suspeastecel) AutitdtadAcahdriided, followed by

o Rl S S s S e o e e

NH2 NH2 include oligo- and polysaccharides, lipopolysacittess, polypeptides, and synthetic soluble
polymers. The biological substances typically wefrom, or are contained in, sources
including but not limited to liquid samples suchsa$iva, biological fluid, urine, lymphatic
fluid, prostatic fluid, seminal fluid, milk, milk fiey, organ extracts, plant extracts, cell
extracts, cell cultures (including cell lines),rfeentation broths, serum, ascites fluid, and
transgenic plant and animal extracts. As usedmeaebiological fluid includes any treated
or untreated fluid associated with living organismesrticularly blood, including whole
blood, warm or cold blood, cord blood, and storeét@sh blood; treated blood, such as
blood diluted with at least one physiological smlnf including but not limited to saline,
nutrient, and/or anticoagulant solutions; blood poments, such as platelet concentrate (PC),
platelet-rich plasma (PRP), platelet-poor plasni@RR platelet-free plasma, plasma, fresh
frozen plasma (FFP), components obtained from @agpacked red cells (PRC), transition
zone material or buffy coat (BC); blood productsivied from blood or a blood component
or derived from bone marrow; leukocytes, stem cedld cells separated from plasma and
resuspended in a physiological solution or a crgtgmtive fluid; and platelets separated from
plasma and resuspended in a physiological solati@ncryoprotective fluid. A biological
fluid also includes a physiological solution consjrg a bone marrow aspirate. The
biological fluid may have been treated to removaesof the leukocytes before being used
according to the invention. Blood product or bgtal fluid refers to the components
described above, and to similar blood productsaogical fluids obtained by other means
and with similar properties.
[0044] In this context, a particularly preferred clasbmilogical substances is
immunoglobulins. The “immunoglobulins” category leraces whole immunoglobulins,

including monoclonal and polyclonal antibodiesyadl as Fab, F(abp) . and K fragments,



38 [0119]The final product is white and can be stored as a 50% slurry in PBS buffer at pH 7. EXAMPLE
17 [0120]This example demonstrates a process for preparing a 4-chloro-2,6- diaminopyridine derivative of
cellulose with a sulfur-containing linker. [0121]5.0 ml of a 50% slurry of acid-activated cellulose beads
obtained according to the protocol described above gsExample 3 is washed thoroughly with water to
remove the storage solution and then with 0.1 M MES buffer at pH 4.7. The beads are mixed with

4-chloro-2,6-digmippmaifiifedra SHMMLPISSELIES IThQuh MindbaSetd RIRRE MU 4)-#e M), followed

by addition of EDC (1.5 mmol). The reacfion mixture is then tumbled at room temperature for three hours,

and washed ERIBHIRERPH JurftdgstetivRbag R diiRfii e yduets. @ poneh e 198¥iRg final
product is whige aigiicaDhansteyEd it S BYuBHIMY koRB S httaatigh andorAYPhFe $81EQ1iR8)1 his
example den?)%rbst(riates a process for preparing a 2,4-diaminopyrimidine derivative of cellulose with a
sulfur-containlngr]mker. [0124]10.0 ml of a 50% slurry of acid-activated cellulose beads obtained
according to fAe4plotodohuesatilgsaphiznseniar @icnasioglisgastivdationgtth i vétiiovatanto remove the

storage solutjgeand fBPé‘x‘é’HBl@;%%M%&%ﬁbﬁ%iﬂ%@@ﬁﬁrﬁ@%&%%ﬁ@ PaisRd With

2,4-diaminopyrimidine (7.0 mmol) dissolved in 0.1 M ml) and 2 M HC1 (3.5 mi), followed by
addition of EDYE{@PheRiA SN eFrABIRILEARMAREAR Y (DI EF e HERdMpRAG GBR6F RS hours, and

washed extefiséelyHa (MayiecesaestiEepUHBIS cuicasiole arashicisrONIN-AThd-suRrid 3bIhbe final
product is WhlirESeanEtli((j)nC %na{?%g tgsrg t%ss%anfﬁeséﬁggtgnnge%sm%ﬁgar \é}zt;lriety of methods, including,
for example, those disclosed in International Ruation No. WO 2005/073711. A liquid
sample containing one or more biological substargesntacted with an embodiment of the
substrate of this invention for a period of timéfisient to allow at least one biological
substance to bind to the substrate. Typicallyctivdact period is between about 30 seconds
to about 12 hours.
[0046] An embodiment of a method of treating a sample a@img at least one
biological substance comprises contacting an ennibedli of the substrate with the sample
for a period of time sufficient to allow at leasteobiological substance in the sample to bind
to the substrate.
[0047] In another embodiment, a method for separatingaatlone substance from a
liquid sample comprises contacting an embodimetii@kubstrate with a liquid sample
comprising the at least one substance, whereiauhstance adsorbs to the substrate; and
adjusting the pH, ionic strength, or both, such tha substance desorbs from the substrate.
[0048] In an embodiment of the method, at least one snbstaomprises an antibody,
for example, IgG, IgA, or a antibody fragment tladre
[0049] In some embodiments of the method, the sample dsesgpa biological fluid, for
example, but not limited to, plasma.
[0050] In one preferred embodiment of the method, thetsatiesis disposed in a column,
and the method comprises passing the sample thtbegtolumn.
[0051] If appropriate, the pH, ionic strength, or bothflwe liquid sample may be
adjusted prior to contacting the sample with tHestate. Additionally, or alternatively, the
sample may be concentrated, diluted, or mixed ®adltlitives such as salts. Typical capture
pH values for a range of proteins is from about dliout 10, although the capture pH can be

higher or lower. Typically, a pH in the range bbat 4 to about 8 promotes protein



pH 7. EXAMPLE 19 [0126]This example demonstrates a process for preparing a 2,5-diaminobenzene
sulfonic acid derivative of cellulose with a sulfur-containing linker. [0127]5.0 ml of a 50% slurry of
acid-activated cellulose beads obtained according to the protocol described above in Example 3 is
washed thoroughly with water to remove the storagezsolution and then with 0.1 M MES buffer at pH 4.7.
The beads are then mixed with 2,5-diaminobenzene sulfonic acid (300 mg, 1.6 mmol) dissolved in 0.1 M

MES (3 ml) angsdr MibIathike Jibstaloued (i AHHIAR Hidh R o 43RG 0T wihd AR isieRaRgen 0.1 M

MES (2 ml). The beads are tumbled at room temperature for 24 hours and washed extensively to remove

excess reagetit8Ravi &ifeapitidQYvis eraamalis 1S SRR HERIGR B E§ AR RISR A RYRRAY thbe 28
umol/m1 of beade bmatemﬁm aﬁalyslﬁtrﬂr@ rﬁnaglmn@qmtmw@mm B.S adb@Yagurof WbB&S buffer at

pH 7. EXAMP 20 012%] 9@18Ie Oev\rlréonst{ﬁte %“}%{C}%SSJ a]p @1e409|amm0 nzoic acid

derivative of ce rutose Sith 8 ur contalnlng\flnker i of aci Pated
cellulose bea[(ﬂ)@%talné’b@subsmmgsmthmpmwmma&nbemmvw@rﬁaamatb ¥ tunslemeid with

(0.486 g, 2 7éﬂﬂ‘eérﬁb%%’é}éﬁ'm%%%\@seﬂ%@FS%%@‘I‘\&I@Q%BH?@EZ%W |B] it mixture of

methanol and 0.1 M MES buffer at 7 in the presence of uivalents). Saponification is then

carried out u§W@5¥‘Nﬁ%‘®W§§%¥5ﬁ‘ﬂ?é’r“r‘i’p@rﬁi@@W@ﬂ?%'?ﬁ%%cﬁléoﬁ%é%ﬂgﬂbmﬂ‘d&%\%'@@OH 40
[0131]The beadr @ﬁﬁmgtricybwmrytmgb@mmﬁmmsa@m alrehiteitAd gy haas dodensityrigtn0 umol/m1

of resin, determined b Ieme tal an EXA PLES 21-45 [0132]Cellulgse derivative )
sulfor-contaiE TFHE G nBa ol S LG Yt e MR L T at SSRGS rotocol
described in Eemgﬁp% Bitbirbstitutiriyltihe appropide hoetayddagenaddat the72\b-diaminobenzene sulfonic
acid in Examtﬁg%?. Taﬁln% gemperature at which the liquid sample is agrthwith the substrate varies
between samples and a given chromatographic miadsria known in the art. Preferably,
the temperature is ambient, but it can be highéower than ambient.
[0054] After the sample is contacted with the substrée substrate is preferably washed
with an equilibration buffer as is known in the. a#n equilibration buffer is a buffer that is
preferably of the pH at which the liquid sample wastacted with the substrate.
Furthermore, the equilibration buffer washes friwa $ubstrate substances that do not adsorb
to the substrate. Suitable equilibration buffeeslanown in the art, and include, for example,
acetate buffer and phosphate buffered saline. wtsting may be accomplished by bathing,
soaking, or dipping the substrate with bound bimalgsubstance into the equilibration
buffer. Alternatively, or additionally, the equatation buffer may be rinsed, sprayed, or
washed over the substrate.
[0055] The desired biological substance typically is dra fidsorbs to the substrate. In
other embodiments, the biological substance ofastenay be removed in, for example, the
equilibration buffer washing. In this case, thestance may be isolated from the buffer by
methods known in the art. In another embodiméet desired biological substance does not
adsorb to the substrate, but the impurity to beoresd does adsorb to the substrate. In this
case, the desired biological substance may be eeed¥rom the loading buffer or washing
buffer by methods known in the art.
[0056] Biological substances that are adsorbed to thamstbsare subsequently desorbed
in one embodiment by adjusting the pH to a valueretihe substance desorbs. The pH at
which desorption occurs will depend upon the sufesiaand upon a given substrate. For

example, for substrates that comprise an anionagggnmoiety, desorption typically occurs
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over a pH gradient starting at about pH 8 and desing to about pH 3. For substrates that
comprise a cation exchange moiety, the pH gradipptied typically starts at about pH 4 and
is increased to about pH 11. For substrates éadtife primarily hydrophobic groups, the pH
gradient for desorption typically starts at abodtand is decreased to about pH 3. For
substrates that feature primarily hydrophobic geyygreferably an ionic strength gradient is
also applied as described below. The pH can hestadj by any routinely available reagent,
such as aqueous solutions of Tris-HCI or carbobatters.

[0057] In some instances, as mentioned above, adjustrhém eluant ionic strength can
increase effectiveness of the substrate. Thusulostrates that comprise primarily
hydrophobic groups, the ionic strength can be @ese@ concomitantly with pH. This is
especially so for materials that additionally cors@rNH- moieties, which can give rise to
mild ionic charges that become more effective asdhic strength is decreased. The use of
salt gradients is well-known in the art. Typicalalt concentrations for the present substrate
need not exceed about 1.0 M, or about 0.5 M.

[0058] Typically, the desorbed biological substance isssgbently collected, and can be
further processed if desired. Typical puritiebmfiogical substances, such as antibodies, that
are purified in accordance with embodiments ofitivention are about 70% or more, in
some embodiments about 85% or more, and more pl#yesbout 90% to about 99%.

[0059] In some embodiments, the substrate of the invemtiay be used to purify
biological substances and simultaneously removecagges, allowing for one-step
purification and aggregate removal. In some embedis, the substrate preferentially binds
biological substances, such as immunoglobulindépably monoclonal antibodies), while
not binding aggregates. Thus, a sample comprasiniglogical substance to be purified may
be contacted with the substrate, as described abwvéiological substance will be adsorbed
to the substrate; and the impurities and aggregetegass through. The purified biological
substance can subsequently be desorbed and cdlesctiescribed above. In some
embodiments, amounts of aggregates in the pufifieldgical substance are less than, for
example, about 10%, such as less than about SEEs®than about 2%, or less than about
1%.

[0060] Many of the embodiments mentioned above compriséacting a solution
containing the biological substances with the gabstand selectively adsorbing at least one
biological substance in the solution by the sultsirdn the event of the desired biological

substance(s) being bound to the substrate, thierloit the latter allows it or them to be
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separated and collected in a purified and concetf@rm. If the desired biological
substance remains in the treated solution (the dibéogical substances being bound to the
substrate) then the desired separation can benebtdirectly by collecting the eluant.

[0061] Preferably, substrates according to embodimentiseoinvention can be
regenerated repeatedly without degradation. RegBae may be carried out by procedures
known to those of skill in the art. For exampligeause, the substrate may be contacted with
a regeneration solution, such as aqueous sodiunoxige. In an embodiment, the substrate
is contacted with five column volumes of 1 M NaGét, a minimum contact time of

30 minutes. Alternatively or additionally, the stiate may be contacted with an acid
solution, such as agueous hydrochloric acid or aggsi@cetic acid. In an embodiment, the
substrate is contacted with five column volume8.&fM HCI or 0.1 M acetic acid, for a
minimum contact time of 30 minutes. Alternativelyadditionally, the substrate may be
contacted with a salt solution, such as aqueousisochloride. In an embodiment, the
substrate is contacted with five column volume& & NacCl, for a minimum contact time of
30 minutes. Before reuse, the substrate is pigfeveashed with equilibration buffer. The
contact time and the composition and concentratfdhe regeneration solution(s) may be
selected by one of skill in the art based on thareeof the ligand and the composition of the
feedstock to ensure that the regeneration is effici

[0062] The illustrative separation methods described albanebe used in a variety of
techniques, including, for example, preparativehods employing fixed bed, fluidized bed,
and batch chromatographies. Alternatively, thehmes$ can be practiced in, for example, the
context of high throughput separation techniquas tiilize, for example, smaller devices
such as spin columns or multiwell plate formats rehsevice volumes can be as small as a
few microliters.

[0063] When using batch adsorption/separation, the substem be added directly to the
solution of biological substances, and the sulstratlogical substance mixture is typically
gently agitated for a time sufficient to allow thielogical substances to bind to the substrate.
The substrate, with adsorbed biological substamag,subsequently be removed by, for
example, centrifugation or filtration, and the bigical substances subsequently eluted from
the substrate in a separate step.

[0064] In another embodiment, column chromatography mayseel. In fixed bed

column chromatography, the substrate is packedamtmlumn, and the solution which
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contains the biological substances to be sepaisgguplied to the substrate by pouring it
through the substrate at a rate that allows thiediical substances to bind to the substrate.
[0065] In fluidized bed column chromatography, a risirlgdtion flow and large/dense
particles are used in order to maintain equilibriamainst the rising forces. An essentially
vertical column, typically composed of between il &rstages placed on top of the other, is
used, and the solution successively passes threagfhstage and is drawn off by an overflow
on the upper part of the upper stage. Prefer#iiycolumn has three stages. Each stage,
with the exception of the uppermost one, is sepdrhy two distribution systems, one
distributing the solution at the base of the stagguestion, the other distributing the solution
towards the stage located immediately above.

[0066] In an embodiment, a column comprising the presalostsate can be used in
tandem with columns comprising other substrateschlmvould be effective in eliminating
different impurities from a sample. Thus, one @renadvantages of the present column can
be viewed as being complementary to the charatitsrisf other or conventional columns.

In this context, such a tandem arrangement of cauwould conserve eluants and
equilibration buffer, thereby reducing, if not eiimating, the need for additional sample
manipulation and preparation.

[0067] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0068] This example demonstrates a process for synthgsiziigand reagent methyl
2-(3-(tert-butoxycarbonylamino)-5-(isopropoyycarkglamino)benzamido)acetate.

[0069] Glycine methyl ester hydrochloride (675 mg, 5 mn®glissolved in DMF (15

ml) and hydroxybenzotriazole (HOBt) (675 mg, 5 mm8t(tert-butoxycarbonylamino)-5-
(isopropoxycarbonylamino)benzoic acid (1.76 g, 5af)rare added. The reaction mixture is
cooled to 6 C and N,N’-diisopropylcarbodiimide (DIC) (1.54 mL) mmol) is added slowly.
The reaction mixture is further stirred &t@ for 5 minutes and at room temperature
overnight. Water (100 ml) is added and stirringtoawues for an additional 20 minutes,
followed by addition of ethyl acetate (100 ml).u@e product is stirred for an additional 5
minutes, and the organic layer is separated. @beaus phase is further extracted with 2 x
70 ml ethyl acetate, and the combined organic pisasashed with water, dried with p&O,
and concentrated under vacuum.
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[0070] Column chromatography with silica gel in ethyl atethexane 1:1 affords 1.65 g,
3.9 mmol white solid, 78% yield*H NMR (CDCk) &: 7.72 (s, 1H, aromatic), 7.50 (s, 2H,
aromatic), 6.50 (s, 1H, amide), 6.60 (s, 2H, amide)2 (dd, 2H,), 3.80 (s, 3H), 1.55 (s,
18H). LCMS (lon mode: ESI) m/z [M-Hicalcd. 422.20, found 422.00, [M+Na}66.07.

EXAMPLE 2

[0071] This example demonstrates a process for prepanmagaphenylenediamine
(PDA) derivative of cellulose.

[0072] 100 ml of a 50% slurry of cellulose beads are wdshaensively with 1 M
sodium hydroxide solution and then with water ungéiitral pH is obtained. To the drained
50 ml of beads are added 50 ml of sodium hydrozaletion at pH 11-12 and 5 ml of
chloroacetic acid. The resultant mixture is thiéimezl for 24 h at 60C. The reaction
mixture is allowed to cool down to room temperatuvashed to remove the unreacted
chloroacetic acid and then neutralized.

[0073] The density of COOH was §0nol/ml of beads and is determined by acid-base
titration for the attachment of various functiotiak.

[0074] 10 ml of the beads of carboxymethylcellulose ajue®I/ml of COOH is coupled
with N-Boc-p-phenylenediamine (0.374 g, 1.8 mmaddBivalents) in the presence of EDC
(2.1 mmol) in 0.1 M MES buffer at pH 4.7. The réae mixture is washed to remove the
excess of Boc-p-phenylenediamine and the side ptedd he BOC protecting group is

removed with 3 M HCI to give the material showndvel
2
B

[0075] The product is white, and the density of the ligarasd 40umol/ml of beads,
determined by nitrogen elemental analysis. Theycbis stored at 4°8& as a 50% slurry in
phosphate buffered saline (PBS) at pH 7.
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EXAMPLE 3

[0076] This example demonstrates a process for prepanmagaphenylenediamine
(PDA) derivative of cellulose with a sulfur-contaadg linker.

[0077] 100 g of cross-linked cellulose beads, suctionddigea wet cake, are mixed with
water (75 g), 32 % NaOH (19.5 g), and allyl brom({@i8.75 g). The mixture is tumbled for
24 hrs at room temperature.

[0078] The beads are extensively washed to remove thacteckallyl bromide and
byproducts, yielding allyl-cellulose as a substfatehe attachment of various
functionalities.

[0079] 100 g of allyl-cellulose beads, suction dried toet cake, are mixed with water
(99 g) and 2-mercaptoacetic acid (1.0 g) at pH 12 and the mixture is tumbled for 48 h at
room temperature. The resultant carboxyl derieaiswvashed to remove the side products,
yielding acid-activated cellulose as a substratetfe attachment of various functionalities.
The acid density is determined to be@0ol/ml of beads using elemental analysis.

[0080] 10.0 ml of a 50% slurry of the obtained acid-adedabead is then condensed
with (0.562 g, 2.7 mmol, 3 equivalents) of Boc-epiilenediamine in 0.1 M MES buffer at
pH 4.7 in the presence of EDC (3 equivalents). rEaetion mixture is shaken for 12 h at
room temperature. The mixture is extensively wdsbaemove the unreacted Boc-p-
phenylenediamine and the side products of theimaciThe BOC protecting group is

removed with 3 M HCI to give the material showndvel

L O
l/o\/\/s\)LN
H

[0081] The product is white, and the density of the p-pterediamine ligand is
78 umol/ml of beads, determined by nitrogen elementalysis. The product can be stored
at 4-8 C as a 50% slurry in PBS buffer at pH 7.

EXAMPLE 4

[0082] This example demonstrates a process for prepanngta-phenylenediamine
derivative of cellulose with a sulfur-containingher.
[0083] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the

protocol described above in Example 3 is condemnstd(0.562 g, 2.7 mmol, 3 equivalents)
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of N-Boc-m-phenylenediamine in 0.1 M MES buffepat 4.7 in the presence of EDC (3
equivalents). The BOC protecting group is remowét 3 M HCI to give the material

shown below:

(0]
[Ows%NQNHZ
H .

[0084] The product is white. The ligand density isy2ol/ml of beads, determined by
nitrogen elemental analysis. The product can Giedtat 4-8 C as a 50% slurry in PBS
buffer at pH 7.

[0085] The same product is prepared by coupling m-pheedi@amine instead of N-Boc-

m-phenylenediamine, and the ligand density isubl/ml of beads.
EXAMPLE 5

[0086] This example demonstrates a process for prepaningtho-phenylenediamine
derivative of cellulose with a sulfur-containingher.

[0087] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the
protocol described above in Example 3 is condems#d(0.562 g, 2.7 mmol, 3 equivalents)
of Boc-o0-phenylenediamine in 0.1 M MES buffer at $H in the presence of EDC (3
equivalents). The reaction mixture is shaken fbhzt room temperature. The mixture is
extensively washed to remove the unreacted Boceorgdbnediamine and the side products

of the reaction. The BOC protecting group is reatbwith 3 M HCI to give the material

(0]
./O\/\/S\)J\N/@
H NH,

[0088] The product is white and the ligand density wag#ol/ml of beads, determined

shown below:

by elemental analysis. The product is stored%@% slurry in PBS buffer at pH 7.
EXAMPLE 6

[0089] This example demonstrates a process for prepadng-diaminopyrimidine
derivative of cellulose with a sulfur-containingKer.
[0090] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the

protocol described above in Example 3 is condemnstd(0.395 g, 2.7 mmol, 3 equivalents)



NOHHNNA44 ..0....._".."\......... S NH2ZONOHN1H45.0."..."..". 0140 Hj7 Ws...2k,OH ?,0H
NH2 EXAMPLE 46

33

of 4,6-diaminopyrimidine hydrochloride in 0.1 M MHE&ffer at pH 4.7 in the presence of
EDC (3 equivalents) for 12 h at room temperaturbe product is washed to remove the

unreacted 4,6-diaminopyrimidine and the side pr&sluc
0O NN
l/o\/\/s\)J\NJI\/LNH2
H .

[0091] The beads derivatized with the 4,6-diaminopyrimédame white. The ligand
density is determined to be gtol/ml of beads. The beads can be stored 8t@#s a 50%
slurry in PBS buffer at pH 7.

EXAMPLE 7

[0092] This example demonstrates a process for prepary,@-triaminopyrimidine
derivative of cellulose with a sulfur-containingKer.

[0093] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the
protocol described above in Example 3 is washembthghly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. Afterwards, the beads are mixed
with 3.5 mmol 2,4,6-triaminopyrimidine dissolvedQril M MES (3 ml) and 2 M HCI (1.75
ml), followed by addition of EDC (1.5 mmol). Theaction mixture is tumbled at room
temperature for three hours, and cleaned extegdiwegemove unreacted reagents and side

products.
NH,

(@) N| ~N
'O\/\/S\)LN)\/\NHZ
H .

[0094] The product is white with a ligand density of @@ol/ml of beads, determined by
elemental analysis. The product is stored as a$iQfty in PBS buffer at pH 7.

EXAMPLE 8

[0095] This example demonstrates a process for preparng-diaminonaphthalene
derivative of cellulose with a sulfur-containingher.

[0096] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the
protocol described above in Example 3 is condemnstd(0.427 g, 2.7 mmol, 3 equivalents)
of 1,5-diaminonaphthalene in a mixture of methamal 0.1 M MES buffer at pH 4.7 in the



[0133]This example demonstrates a method for isolating and purifying IgG from crude human plasma
using a solid substrate according to an embodiment of the invention. [0134]A 1-ml column is packed with
the solid substrate prepared according to Example 3. The solid substrate is equilibrated with a 20 mIM
phosphate buffer at pH 7.2. [0135]Next, a sample of340 ml of crude human plasma is diluted 1:1 in
equilibration buffer, filtered through 0.2 um membrane, and 12 ml are loaded directly onto the column.

The column is s 1 AR AIRI8PIRS BUSSRSAATM NARLRRIATS 205 GAsiEhe

elimination of non-adsorbed proteins. Bound impurities are removed by washing the column with 20 mM
phosphate b YRLY 10T eRRYD LD RAH SGfBI RS GSEE Bwith 20 mM acetate buffer at pH 4.0. 25
mg of 1gG is collected and its purity was estimated to be > o.NBXAMPLE 47 [0137]This example
demonstrates a method for isolating and purifying 1gG fro Sma using a solid substrate according to
another embodiment of the invention. [0138]A 1-ml coluthn |ked with the solid substrate prepared
according to Example 9. The solid su té\us/eqwbbj,a@ql‘ witla 20 ml)/I phosphate buffer at pH 7.4.
[0139]Next, a sample of 10 ml of hum##plasma is dilutedH.:1 in equijlibration buffer, filtered through a 0.2

um membra d 20.ml are lpaded directly ontp the column, The column is_then washed wijth 20 ml)/I

ohosphate pUTIE 0 TN ERACLR! M 520 75 BT S S A ARG Ade S Tghsite. Bound

impurities ardsrdaterpihey hyaghing e auhysis witheedbii)/ o hesghatEhsusfedacipls Sebl¢iDihe

desired 1gG iE@‘éﬁEﬁgdAﬂEm%MWWWW%‘B(W@Q@#Q- 35 mg of the desired IgG is collected
[ %.

and its purity was estimated to be > 99 XAMPLE 48 [0141]This example demonstrates that good
dynamic binding capacity can be achieved with %12&@9 I'gg nd densities using substrates according to
embodiments of the invention. [0142]Solid subs alr §repared according to Example 3, except that
the coupling conditions of p-phenylenediamine with the acid-activated beads (changing the stoichiometry
of phenylenetfi8?fine ahdiEexeBIR GSAERFHBIRSH)PAPERASTEH Q@Bﬁ%@@%ﬁ%ﬁ&/m varying ligand

density. [014gHatathanysipreseinmingdsgrGrpasiiniPge).for each substrate sample is
[0099] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the

protocol described above in Example 3 is condemstd(0.491 g, 3 mmol, 3 equivalents)
2,5-diaminopyridine dihydrochloride in 0.1 M MESffar at pH 4.7 in the presence of EDC
(5 equivalents). The product is extensively wadlbe@move unreacted reagents and side

products.
0 = | NH,
l/o\/\/s\)J\N N
H

[00100] The beads derivatized with the 2,5-diaminopyricine white. The ligand density
is 58umol/ml of beads, determined by elemental analy$ise product can be stored at4-8
C as a 50% slurry in PBS buffer at pH 7.

EXAMPLE 10

[00101] This example demonstrates a process for prepar2),é-trimethyl-1,3-
benzenediamine derivative of cellulose with a sutfontaining linker.

[0100] 10 ml of a 50% slurry of acid-activated cellulogmabs obtained according to the
protocol described above in Example 3 is condems#d(0.405 g, 2.7 mmol, 3 equivalents)
of 2,4,6-trimethyl-1,3-benzenediamine in a mixtafenethanol and 0.1 M MES buffer at pH
4.7 in the presence of EDC (3 equivalents). Thelpet is washed to remove side products

and the unreacted reagents.



determined on an AKTA Explorer 100 LC Workstation (GE Healthcare Biosciences, Pittsburgh, PA) in
accordance with the UNICORN software instructions. Equilibration and washing flow rates are 1 ml/min,
and the loading flow rate is 0.33 ml/min (3 min residence time). Human IgG is loaded to 50%
breakthrough (BT). HR 5/5 column (5 mm diameter @gd 5 cm length, volume = 1 ml) from Amersham
18-0383-01 is used for resin packing, and A280 reading is determined using UltraSpec 1000. Commercial
IgG (SeraCare Life Sciences, lot number GlllRM-ZS%O Q2).8 oncentration of 2.0 mg/ml is used.
Loading buffer for IgG is in 20 mM N RO4 at pl-slzaﬂ@nd libration and washing buffer is also in
NaH2PO4, 20 mM at pH 7.2. Elution ens 0™ cetﬁ , PNFB.1. Dynamic binding capacity 45
from elution is calculated by measuring the amount of protein in all elution fractions. Recovery is
calculated usjpgtipe anmaeieaiiprateivativdeenginton elividedHyy e rrigiinactually weitnd taghe column
(the amount of pratein boun the column = amount of protein loaded to the column - protein in the
breakthroughﬂ%%&%v?gsr}%?yéls%dﬁnéocﬁ%%#@eg iOq/%tBFré]érﬂ(?D r%mge#]elrg%rﬁéjqugé%s IL?s'ing the equation: (protein
concentration in load)*(Vio%mr-Vvow). The void volume of the system and column is measured by
injection of 1% acetone. [0144]The ligand densi$AME e ddmic binding capacity of one substrate sample
are shown in Figure 1. The substrate tested shows good dynamic binding capacity even at low ligand
densities of di0a02]50 jifriod elaomigeberESKAREA BrdSces] i |Tieisadiegaapkiyemonstrates that ligand
density can b&%@%ﬂ%ﬁl gll o%lﬁ@m}égoPHE J%Qe%'ﬂg M%ﬁﬁ r@émg}ng to embodiments of the

olid su ple

invention. [0146 strates are prepared according to Exam except that the coupling conditions
of p-phenyled@tfighinel{ifd i R auirn@irpishactivaies §rityioradts RfinrdgcsppHea Rethediamine
and EDC verpaasiialennigiatolarisdlamdass saamanly vaninas miseesiaee (PO
igand density. Each solid substrate sample is loaded into a separate column and used to purify 1IgG from
human pIasn?QEl'g%gB 6%%.W@§i%@§sﬁ8ﬂf%ﬁﬁ%8ﬁb@§u§ @H%%tg] drit each substrate sample is
shown in Figpire gylEnrediahliga@d0densitied ssolosd as rdbthavah{lislgGdisdo babavesti withiheurity of 99%. No
significant in ' rity with | ity far st ing i nsities of
35 jimol/m1 g‘%&g&ﬁggﬂg*%@%&#&y%%ﬁg Eﬁ'%?sisilgg%p e em%%%ﬁ%?& @tg E%ﬁ?&e@ﬂg IF%Jla&':sidence
time using suUBSFaIGR! ABEoEIPhEd fiThotiphelsINaYe RNk F0UaSAI@dMStrates are prepared
according to Example 3. Each solid substrate sample is loadeg into a separate column and used to bind
pure IgG according to the following procedure: IgG 2 mg/mLizphdSphate buffer at pH 7.2 and a
conductivity of 6 mS/cm is loaded to I"bc\()}lergntil he 5Q%!BT is reached The column is then
washed with 0.5 M NaC1 to remove adsorbéd tothe }l{)ea S. The IgG is then eluted using 0.1 M acetic
acid buffer at pH 3.1. 46 [0150]The amount of IgG bound and eluted at 10% breakthrough, along with the
percent recoyett pHTBeforashuch irewitenad im bomsdatk s oids ol Mid beli2atk edaidstiate dxhibits high

binding capagity At & %ﬁ?gg?%‘ﬂ@%8&%5@?&&'&%&%@%%’ iR'PES FLRGL{QJiygrious residence times.

Table 2 Residence time (m

EXAMPLE 12

[0105] This example demonstrates a process for prepardg-diaminobenzoic acid
derivative of cellulose with a sulfur-containingKer.

[0106] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the
protocol described above in Example 3 is condemnstd(0.486 g, 2.7 mmol, 3 equivalents)
of the ethyl ester of 3,5-diaminobenzoic acid it hmixture of methanol and 0.1 M MES
buffer at pH 4.7 in the presence of EDC (3 equivie  Saponification is then carried out

using 1 M NaOH at room temperature for 12 h todstble product shown below:
COOH

O



Bound (mg/me Eluted (mg/me Recovery (%) 3 24.4 23.5 96.3 4 31.0 29.6 95.5 6 40.9 37.7 92.3
EXAMPLE 51 [0151]This example demonstrates the effect of pH on IgG binding and recovery using
substrates according to embodiments of the invention. [0152]Solid substrates were prepared according to
Example 12. Each solid substrate sample was loadegkinto a separate column and used to purify 1IgG from
human plasma according to the following procedure: IgG 2 mg/ml in various buffer solutions with variable

PH (5-8.5) (sgg1dAble hnebadofap by ith Tl CRWRBIRAYER eRRVAMEMTHNIY4he 10% BT was

reached. The column was then washed with 0.5 M NaC1 to remove IgG adsorbed to the beads. The IgG
was then eluf&NS&Hg HUMRIAREACRaESH GREG R TRY B eloTsajdHNa-IBnt of 1I9G bound and eluted at

10% breakthrough, along with the percent recovery, for each pH value tested is shown in Table 3. At all
pH values tested, at least 98.8% of the IgG bolnt¥WBY Fed8vered. pH 5.5 is the optimum loading pH for
this ligand. Table 3 pH

[0108] This example demonstrates a process for prepar2amathoxy-5-tert-butyl-1,3-

benzenediamine derivative of cellulose with a sutfontaining linker.

[0109] 10 ml of a 50% slurry of acid-activated cellulogabs obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. 4-tert-butyl-2,6 diaminoanisole
(4.0 mmol) dissolved in methanol (4 ml) is addexdlofved by the addition of EDC

(4.0 mmol) dissolved in 0.1 M MES. The beads amftled overnight and washed

extensively to remove excess diamine and side ptedu

H
/O .

[0110] The product is white and can be stored as a 50ftystuPBS buffer at pH 7.
EXAMPLE 14

[0111] This example demonstrates a process for prepag-diaminopyridine

derivative of cellulose with a sulfur-containingher.

[0112] 5.0 ml of a 50% slurry of acid-activated cellulds=ads obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. The beads are mixed with
2,6-diaminopyridine (382 mg, 3.5 mmol) dissolveditt M MES (2 ml) and 2 M HCI

(2.75 ml). EDC (306 mg, 1,6 mmol) dissolved in MMES (1.5 ml) was added. The beads
are tumbled overnight at room temperature and whskiensively to remove unreacted

reagents and side products.

W



IgG bound at 10% BT IgG eluted at 10% BT Recovery (%) 5.0 19.2 19.2 100 5.5 25 24.8 99 6.0 24.3 24.0
98.8 7.219.1 19.0 -100 8.5 3 3 100 47
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[0113] Density of the coupled ligand is determined to 6gu#ol/ml of wet beads by
elemental analysis. The product is white and @astbred as a 50% slurry in PBS buffer at
pH 7.

EXAMPLE 15

[0114] This example demonstrates a process for prepadagitio-1,2-phenylendiamine
derivative of cellulose with a sulfur-containingher.

[0115] 6.0 ml of a 50% slurry of acid-activated cellulds=ads obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. 4-nitro-1,2-phenylendiamine
(2.4 mmol) dissolved in methanol (4 ml) is addedlofved by addition of EDC (2.4 mmaol,
458 mgq) dissolved in 0.1 M MES (2 ml). The beadstambled overnight and washed

extensively to remove unreacted reagents and sudkipts.

NO,
(0]
./O\/\/S\)J\N
A NH,

[0116] The final product is orange and can be storeds¥aslurry in PBS buffer at
pH 7.

EXAMPLE 16

[0117] This example demonstrates a process for prepadng,é-triaminopyrimidine
derivative of cellulose with a sulfur-containingher.

[0118] 5.0 ml of a 50% slurry of acid-activated celluldmsads obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. 4,5,6-triaminopyrimidine sulfate
(3.2 mmol, 702 mg) suspended in 0.1 M MES (4 m8dded, followed by addition of EDC
(2.5 mmol, 280 mg) dissolved in 0.1 M MES (1 mlhe reaction mixture is tumbled for

three hours and washed extensively to remove ure@aeagents and side products.

o) NI/*N
lo\/\/SQL”)\%NHz
NH,



EXAMPLE 52 [0154]This example demonstrates reuse of substrates for IgG purification from crude
human plasma using substrates according to embodiments of the invention. [0155]A solid substrate is
prepared according to Example 3 and is loaded into a column and used to treat a sample of biological
material comprising IgG according to the procedure ggscribed in Example 46. Following elution, the solid
substrate is regenerated using 1 M NaOH at a flow rate of 1 ml/minute and again used to treat a sample

of biological myaigjial Cef‘ﬂkpﬂﬁéﬂ%r'&&fﬂ&qg%ﬁi{@aﬁﬁ’dttlﬁrﬁﬁg‘&&@ﬁ@é%@ruT@% eganp(afieryand reuse cycle

is repeated a second time, for three total treatments of biological samples. [0156]The amount of IgG
binding and rﬁh‘@ for each cycle is shown in Table 4. The substrate produces IgG of high purity even
after repeated uses. Table 4 Test # Residence time (min) Binding from elution (mg/ml) Purity (%) 1 3 25.1
98.32322.099.43623.099.7 EXAMPLE 17

[0120] This example demonstrates a process for prepadnghdoro-2,6-
diaminopyridine derivative of cellulose with a suHcontaining linker.

[0121] 5.0 ml of a 50% slurry of acid-activated celluldmsads obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. The beads are mixed with
4-chloro-2,6-diaminopyridine (3.5 mmol) dissolvedd.1 M MES (3 ml) and 2 M HCI

(2.75 ml), followed by addition of EDC (1.5 mmolJ.he reaction mixture is then tumbled at
room temperature for three hours, and washed axtdynso remove unreacted reagents and

side products.
Cl

0} | >N

[0122] The final product is white and can be stored a8% Slurry in PBS buffer at
pH 7.

EXAMPLE 18

[0123] This example demonstrates a process for prepay-diaminopyrimidine
derivative of cellulose with a sulfur-containingKer.

[0124] 10.0 ml of a 50% slurry of acid-activated celluld®ads obtained according to
the protocol described above in Example 3 is washeaughly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. The beads are then mixed with
2,4-diaminopyrimidine (7.0 mmol) dissolved in 0.1MES (6 ml) and 2 M HCI (3.5 ml),
followed by addition of EDC (3.0 mmol). The reactimixture is tumbled at room
temperature for three hours, and washed extengiovelymove excess reagents and side

products.

e
lo\/\/sQLH N/XNHz



EXAMPLE 53 [0157]This example demonstrates IgG purification from crude human plasma (3 minutes
residence time) using substrates according to embodiments of the invention. [0158]Solid substrates are

prepared according to Examples 3, 4, 9, 10, and 11. Each solid substrate sample is loaded into a

separate column and used to purify IgG from humargglasma as described in Example 46. [0159]The
amount of IgG eluted and purity for each substrate tested is shown in Table 5. All substrates tested yield

IgG of high pryiye Tablgra H%@'b%'&l?ét‘?%ﬂﬂef 90 EaasBNaR &é@é@@r?qﬁtﬁé%buff& at
25.5 mg/ml o] resm >99 48 ..0....."..... -eeeyenSleNH2 20 mg/ml of resin 91 oNI-12
0P S KN N H 35 mg/ml of resin
EXAMPLE 19

[0126] This example demonstrates a process for preparg-diaminobenzene sulfonic
acid derivative of cellulose with a sulfur-contaigilinker.

[0127] 5.0 ml of a 50% slurry of acid-activated celluldmsads obtained according to the
protocol described above in Example 3 is washerbtighly with water to remove the
storage solution and then with 0.1 M MES buffepldt4.7. The beads are then mixed with
2,5-diaminobenzene sulfonic acid (300 mg, 1.6 mmd@3olved in 0.1 M MES (3 ml) and

1 M NaOH (1.5 ml), followed by addition of EDC (3@&g, 1.6 mmol) dissolved in 0.1 M
MES (2 ml). The beads are tumbled at room tempegdor 24 hours and washed

extensively to remove excess reagents and sideigisd

SO,H
NH,

0
./O\/\/S\)J\N
H

[0128] The density of the ligand is determined to bai@®l/ml of beads by elemental
analysis. The final product can be stored as a 80ty in PBS buffer at pH 7.

EXAMPLE 20

[0129] This example demonstrates a process for prepar@y-diaminobenzoic acid
derivative of cellulose with a sulfur-containingher.
[0130] 10 ml of a 50% slurry of acid-activated cellulogmabs obtained according to the
protocol described above in Example 3 is condems#d(0.486 g, 2.7 mmol, 3 equivalents)
of the ethyl ester of 3,4-diaminobenzoic acid it amixture of methanol and 0.1 M MES
buffer at pH 4.7 in the presence of EDC (3 equivtsle Saponification is then carried out
using 1 M NaOH at room temperature for 12 h tod/iéle product shown below:

COOH

(0]
[oWsﬁN@
Ho NH,

yeee . SA0NFI2



>99 WO ,..,...--...,," S4i N H2 9 mg/ml of resin >99 .0........ "...1".."..540 N H2 3 mg/ml of resin >99
EXAMPLE 54 [0160]This example demonstrates pure IgG binding and recovery at 10% breakthrough (3
minutes residence time) using substrates according to embodiments of the invention. [0161]Solid
substrates are prepared according to Examples 3, 18p11, and 13. Each solid substrate sample is loaded
into a separate column and used to bind pure IgG as described in Example 50. [0162]The amount of IgG

bound and e'tgf_{ﬁ]at 16fhcbpeakitieroliBRe withitHEERARNIbBRAS IS nEMIED HRgEGRNt recovery, for

each substrate is shown in Table 6. Table 6 Ligand Bound (mg/me Elution (mg/me Recovery (%)

oLt --__dgggf@”p_fﬂxg@@r@@&resin, determined by elemental analysis.

EXAMPLES 21-45

[0132] Cellulose derivatives with sulfur-containing linkeand ligands as shown in Table
1, below, are prepared according to the protocstiileed in Example 8, substituting the

appropriate ligand reagents for the 2,5-diaminobeazulfonic acid in Example 19.

Table 1
Example Ligand
|
./O\/\/S\)J\II:II SN
22

NH,
[OWSJLN
H

23
o NH,
l/O\/\/S\)J\N
H

24 NH,
o ] SCHs
./O\/\/S\)J\N N
H 0
(@) OH

25 OH2N SCH;
H
./O\/\/S\)]\ND\WN
H
© (0]
OH

OH
O

OWOH
O.__NH
o)
./O\/\/S\)J\N
H o NH,

26




40 H ..--: O NI-I2 10 3.5 57 EXAMPLE 55 [0163]This example demonstrates Fab binding and recovery at
10% breakthrough using substrates according to embodiments of the invention. [0164]Solid substrates
are prepared according to Examples 3, 4, 5, and 8. Bach solid substrate sample is loaded into a separate
column and used to bind pure Fab under the following conditions: 0.5 mg/ml solution of Fab in 100 mM
Tris-HC1, 10 mIVI EDTA bpffer gt pH 7.4 Ts foaded onto eactr cgigmm urgt 10% breakthrough is reached.
The columns are then|washed with the equilibration buffer (100ml)/1 Trisg-HC1 and 10 ml),4 EDTA at pH
7.4), and the Fab is eluted with 800 mM glycine buffer at pH %MOH

NH
(0]
H

o N

~s

(0]
l/o\/\/s\)J\N

H NH,

29 OH

(0]
H
30 NH,
Q H
./O\/\/S\)LN N
H o)
(@) OH
31 NH, o
o) o SN
l/o\/\/s\)J\N N Z
H o)
32 NH,
(0] (0]
./O\/\/S\)J\N N\/\/\/U\OH
H 0
33 NH,
(0]




[0165]The Fab dynamic binding capacity (DBC) at 10% breakthrough and 3 minutes residence time,
along with the percent recovery for each substrate is shown in Table 7. Table 7 Ligand DBC (mg/me

Recovery (%) ...0.. R "...S40NH2 10 83 ......0.. "LLUS41 NH2 24 81 0. --..."-S40 NH2 0.4 90
lip NH2 558B,,...a.,,..../7,,,,SIS 23 42
34 NH,
Q H
l/O\/\/S\)J\N N
H 0 \©\WOH
(0]
35 NH, (o)
(0] H OH
./O\/\/S\)kN N
H o
36 O~__OH
H H NH,
37 NH, HN
o N
./O\/\/S\)J\N
H o
O~ OH
38 HN
OHQN N
./O\/\/S\)J\N N
H (0]
O~ OH
39 NH,
(0] H (0]
H (0]
40 O~ __OH
N SCH;
H




50 EXAMPLE 56 [0166]This example demonstrates monoclonal antibody binding versus residence time
using substrates according to embodiments of the invention. [0167]A solid substrate is prepared
according to Example 3 and is loaded into a column and used to bind pure monoclonal antibodies
according to the following procedure: 2 mg/ml of mA#gin sodium phosphate buffer at pH 7.2 with a
conductivity of 6 mS/cm is loaded onto each column until it reaches 10% breakthrough at various

residence times. The
the mAD is eluted with
binding to the substrat
8. The substrate exhib|
Residence time (mm)

62.0 58.3

[0133]

ofunyTTs
20mM s
e and elu
its high re

astred withr 20 1)/ sodium phosptgite bufferan
ndium acetate at pH 4.0. [0168]T
ed from the substrate as well aé thel per2Ent recove
covery of monoclonal argibodies-at Skort residence

amounts of mon

500 mM NaC1, and
oclonal antibodies

ry are shown in Table
times. Table 8

446.7 46.599.6 6

Bound (mg/me Iigd@g@/esggdb\ée j) 3 41,0 40.3 98.2
H
NH, HN)\NHZ
42 OHzN
./O\/\/S\)]\
0
43 OHQN
H H
./O\/\/S\)J\NDﬁ(N N
H 8 |\ )
o“>oH N
44 NH,
0
H
./O\/\/S\)J\N@\N/N H
: 0 I\[/>
0“>oH N
45 H 0
0 kaOH
0 OH
./O\/\/S\)J\N
H NH,

EXAMPLE 46

This example demonstrates a method for isolatingpamifying IgG from crude

human plasma using a solid substrate according tréodiment of the invention.

[0134]

[0135]

A 1-ml column is packed with the solid substrategarred according to Example
3. The solid substrate is equilibrated with a 20 phosphate buffer at pH 7.2.

Next, a sample of 10 ml of crude human plasmaligeti 1:1 in equilibration

buffer, filtered through 0.@m membrane, and 12 ml are loaded directly ontathemn.
The column is then washed with 20 mM phosphateehbedf 0.5 M NaCl at pH 7.2, to ensure

the elimination of non-adsorbed proteins. Boundunties are removed by washing the

column with 20 mM phosphate buffer at pH 7.2.



94.0 EXAMPLE 57 [0169]This example demonstrates monoclonal antibody binding versus residence
time using substrates according to embodiments of the invention. [0170]A solid substrate is prepared
according to Example 20 and is loaded into a column and used to bind pure monoclonal antibodies
according to the following procedure: 2 mg/ml of mAiMin sodium phosphate plus 150 m1)/1 NaC1 at pH
5.5 with a conductivity of 15 mS/cm is loaded onto each column until it reaches 10% breakthrough at

various residﬁm%]gme%z%&%nmﬁsvm@e%m%%m'\Ac%@&k@mﬁammtezelwo%@% NaC1 (with

a conductivity of 15 mS/cm), and the mAD is eluted with 50 m1)/1 sodium phosphate plus 250 m1)/1
NaC1 (with aCIREGERNY &3 PEYIER PaipREIdOBe 719P19% amounts of monoclonal antibodies binding

to the substrate as well as the percent recovery are shown in Table 9. The substrate exhibits high
recovery of monoclonal antibodies at short resid&AdéRkhel! 51 Table 9 Residence time (min) Bound
(mg/me Recovery (%) 3 37.3-98 4 47.0 -95 6 68.3 -92

[0137] This example demonstrates a method for isolatirgpamifying 1gG from plasma
using a solid substrate according to another ennbexli of the invention.

[0138] A 1-ml column is packed with the solid substrategarred according to Example
9. The solid substrate is equilibrated with a 20 phosphate buffer at pH 7.4.

[0139] Next, a sample of 10 ml of human plasma is dildtddin equilibration buffer,
filtered through a 0.2m membrane, and 20 ml are loaded directly ont@themn. The
column is then washed with 20 mM phosphate buffé@&8 M NaCl at pH 7.2, to ensure the
elimination of non-adsorbed proteins. Bound imjpesiare removed by washing the column
with 20 mM phosphate buffer at pH 7.2.

[0140] The desired IgG is eluted with 20 mM sodium acetbatifer at pH 5.0. 35 mg of
the desired IgG is collected and its purity waswested to be > 99 %.

EXAMPLE 48

[0141] This example demonstrates that good dynamic bincipacity can be achieved
with varying ligand densities using substrates ediog to embodiments of the invention.
[0142] Solid substrates are prepared according to Exagmgcept that the coupling
conditions of p-phenylenediamine with the acidaated beads (changing the stoichiometry
of phenylenediamine and EDC versus acid densitg/yaried to produce samples with
varying ligand density.

[0143] IgG dynamic protein binding capacity (DBC) for eatlbstrate sample is
determined on an AKTA Explorer 100 LC Workstati@& Healthcare Biosciences,
Pittsburgh, PA) in accordance with the UNICORN w@ite instructions. Equilibration and
washing flow rates are 1 ml/min, and the loadigvflate is 0.33 ml/min (3 min residence
time). Human IgG is loaded to 50% breakthrough)(BIR 5/5 column (5 mm diameter and
5 cm length, volume = 1 ml) from Amersham 18-0383<€used for resin packing, and A280
reading is determined using UltraSpec 1000. CorialelgG (SeraCare Life Sciences, lot
number G111RM-25B0802) at a concentration of 2.0wmhg used. Loading buffer for 1gG
is in 20 mM NaHPO, at pH 7.2 and equilibration and washing buffeal& in NaHPO,,

20 mM at pH 7.2. Elution buffer is 0.1 M acetiégdhgH 3.1. Dynamic binding capacity



EXAMPLE 58 [0172]This example demonstrates monoclonal antibody binding and recovery at 10%
breakthrough and a residence time of 3 minutes using substrates according to embodiments of the
invention. [0173]Solid substrates are prepared according to Examples 3, 4, 8, and 9. Each solid substrate
sample is loaded into a separate column and used tagreat a sample of biological material comprising
monoclonal antibodies as described in Example 56. [0174]The mAb dynamic binding capacity (DBC) at

10% breakth Tl i i j r - ach substrate is
Shown In-Tel B e N

H2 41 >95 (7gqﬁﬂy)%{15 calgylated usingghg amount of pratethe elution divided by ghe protein
actually bound to the column (the amount of prot®aond to the column = amount of protein

loaded to the column — protein in the breakthroaigth wash). Binding capacity at 10%
breakthrough is calculated using the equation:it@maconcentration in load)*(MewstV void)-
The void volume of the system and column is meashyenjection of 1% acetone.

[0144] The ligand density and dynamic binding capacitgroé substrate sample are
shown in Figure 1. The substrate tested shows dgodmic binding capacity even at low

ligand densities of about 50 umol/ml or greater.
EXAMPLE 49

[0145] This example demonstrates that ligand density eavabied while still obtaining
pure 1gG using substrates according to embodinddritse invention.

[0146] Solid substrates are prepared according to Exagekeept that the coupling
conditions of p-phenylenediamine with the acid\attd beads (changing the stoichiometry
of phenylenediamine and EDC versus acid densig/yaried to produce samples with
varying p-phenylenediamine (PDA) ligand densityack solid substrate sample is loaded
into a separate column and used to purify IgG frmmnan plasma as described in Example
46.

[0147] The 1gG purity obtained from each substrate sansps@own in Figure 2. Even at
ligand densities as low as 35 pumol/ml, IgG is adiwith purity of 99%. No significant
increase in IgG purity with ligand density is oh&st for substrates having ligand densities of

35 pmol/ml or greater.
EXAMPLE 50

[0148] This example demonstrates 1gG binding versus rasgléme using substrates
according to embodiments of the invention.

[0149] Solid substrates are prepared according to ExaBpkeach solid substrate
sample is loaded into a separate column and useiddgure 1gG according to the following
procedure: 1gG 2 mg/ml in phosphate buffer at pHahd a conductivity of 6 mS/cm is
loaded to each column until the 50% BT is reachBue column is then washed with 0.5 M
NaCl to remove IgG adsorbed to the beads. Theddien eluted using 0.1 M acetic acid
buffer at pH 3.1.



NH2 39 >95 (68 itmol/m1) . N H2 83 (41 itmol/m1) O
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[0150] The amount of IgG bound and eluted at 10% brealtiirpalong with the percent
recovery at pH 3, for each residence time testsetiasvn in Table 2. The substrate exhibits
high binding capacity at 6 minutes residence tiamel the recovery of 1gG is high for various

residence times.

Table 2
Residence time (min)Bound (mg/ml)| Eluted (mg/ml)| Recovery (%)
3 244 235 96.3
4 31.0 29.6 95.5
6 40.9 37.7 92.3
EXAMPLE 51

[0151] This example demonstrates the effect of pH on lgf@ibg and recovery using
substrates according to embodiments of the inventio

[0152] Solid substrates were prepared according to ExafrhleEach solid substrate
sample was loaded into a separate column and agadify IgG from human plasma
according to the following procedure: 1IgG 2 mg/mbarious buffer solutions with variable
pH (5-8.5) (see Table 2) and a conductivity of @enswas loaded to each column until the
10% BT was reached. The column was then washddOatM NaCl to remove IgG
adsorbed to the beads. The IgG was then eluted 0sl M acetic acid buffer at pH 3.1.
[0153] The amount of IgG bound and eluted at 10% brealtiirpalong with the percent
recovery, for each pH value tested is shown in @8bl At all pH values tested, at least

98.8% of the 19G bound was recovered. pH 5.5asobtimum loading pH for this ligand.

Table 3
pH | 1IgG bound at 10% BT IgG eluted at 10% BT| Recovery (%)
5.0 19.2 19.2 100
55 25 24.8 99
6.0 24.3 24.0 98.8
7.2 19.1 19.0 ~100
8.5 3 3 100




NH2 ,NN..-%-..". 449>94 0.,./?..".S..},..,H (68itmol/ml) 52 EXAMPLE 59 [0175]This
example demonstrates aggregate removal using substrates according to embodiments of the invention.
[0176]Solid substrates are prepared according to Examples 4 and 5. Each solid substrate

47

EXAMPLE 52

[0154] This example demonstrates reuse of substrateg@purification from crude
human plasma using substrates according to embatsméthe invention.
[0155] A solid substrate is prepared according to ExarB@ed is loaded into a column
and used to treat a sample of biological mategairising IgG according to the procedure
described in Example 46. Following elution, thédseubstrate is regenerated using 1 M
NaOH at a flow rate of 1 ml/minute and again useti¢at a sample of biological material
comprising IgG according to the same proceduree régeneration and reuse cycle is
repeated a second time, for three total treatmadriimlogical samples.
[0156] The amount of IgG binding and purity for each cyislshown in Table 4. The
substrate produces IgG of high purity even aftpeated uses.

Table 4

Test #| Residence time (min Binding from  Purity (%)
elution (mg/ml)
1 3 25.1 98.3
22.0 99.4
3 6 23.0 99.7
EXAMPLE 53

[0157] This example demonstrates 1gG purification frondertluman plasma (3 minutes
residence time) using substrates according to emaods of the invention.
[0158] Solid substrates are prepared according to Exar3pks9, 10, and 11. Each
solid substrate sample is loaded into a separduenccand used to purify IgG from human
plasma as described in Example 46.
[0159] The amount of IgG eluted and purity for each suabsttested is shown in Table 5.
All substrates tested yield IgG of high purity.

Table 5

Ligand IgG elution from crude Purity (%)
human plasma
25.5 mg/ml of resin >99

l/O\/\/S\)J\N
H




sample is loaded into a separate column and used to treat a sample of biological material comprising
75.5% monoclonal antibodies and 24.5% aggregates according to the procedure described in Example
56. [0177]The amounts of monoclonal antibodies and aggregates in the samples after treatment with a
substrate are shown in Table 11. After treatment withghe substrate described in Example 3, the resulting
product has 91.9% monoclonal antlbodles and 8.1% aggregates. An even larger increase in the

proportion of mono
substrate describe
treatment. Table ]
mS/cm / Elute at

Lo

NH2 0" "1!S'11I’A

N H91.98.1 Load at g

treated with the
monoclonal antibodies and 1.0% aggregates after

ing mAb material 75.5

4.5 Load at pH 7.4 and 15

H 7.4 and 15

mS/cm / Elute at

binding capacities
prepared accordin

WL, NH2 90 XAM

PLBSMPaT SfThEexX

ample déonstrates IgG static
tion. [0179]Salid substrates are

gbsubstratg cordinglto embodiments of the inven
ﬁjE amples 3\1/9\ , and 19-45. The
o} 9 mg/ml of resin >99
H 2
3 mg/ml of resin >99

o NH,
l/o\/\/s\)J\N
H

[0160]

EXAMPLE 54

This example demonstrates pure IgG binding andvesgaat 10% breakthrough

(3 minutes residence time) using substrates aguptdiembodiments of the invention.

[0161]

Solid substrates are prepared according to Exan3pl&g, 11, and 13. Each solid

substrate sample is loaded into a separate colmehnsed to bind pure IgG as described in

Example 50.

[0162]

The amount of IgG bound and eluted at 10% brealtiirand 3 minutes

residence time, along with the percent recovenyefeh substrate is shown in Table 6.

Table 6

Ligand Bound (mg/ml)| Elution (mg/ml)  Recovery (%)
o NH
./O\/\/S\)J\N Q 24.9 23.7 95
H
0
[O\/\/S&N NH, 26.4 24.2 91.3
H
o NH,
215 19.8 92.3
l/o\/\/s\)J\N
H




lgG static binding analysis is carried out by dissolving 27 mg of approximately 94% pure human
lyophilized 1gG (SeraCare Life Sciences, lot number G111RM-25B0802) in 10 ml of PBS to make 2.5
mg/ml IgG solution. A serial dilution of the 1gG solution is prepared in duplicate, and the UV absorbance is
determined at 280 nm. The absorbance values are uged 53 to plot a graph against the nominal
concentrations, and the slope of thls plot is used to calculate the actual IgG concentrations of the dilutions
using 1.43 ry of eactr sampte of beads M PBS is
pipetted intq separate 1.5 ml microceny ifuget bes in duplicate and 1 ml of 2.5 mg/ml IgG in PBS is
added to each tube. Tubes are JSotateehfor two hours and spun|down for two minutes. 120 uL of each
sample is the |Q§tted |nt§a\e)y3ell s and the UV@bsorbance is Read at 280 nm. WlSO]The static
binding cap |ga nsily forread¥tisubstrate are shown in Table 12. The substrates exhibit high
static bindin capaC|ty even at low Ilgémd densities. Table 12 Substrate Ligand Density @mot/me Static

Binding Capaeity (mgfmb)—-0--""—="=S O NH2 7894 =0=7"S 41 NH2

EXAMPLE 55

[0163] This example demonstrates Fab binding and recatet@% breakthrough using

substrates according to embodiments of the inventio

[0164] Solid substrates are prepared according to Exar3pks5, and 8. Each solid

substrate sample is loaded into a separate colmehnsed to bind pure Fab under the

following conditions: 0.5 mg/ml solution of Fab1®0 mM Tris-HCI, 10 mM EDTA buffer

at pH 7.4 is loaded onto each column until 10% ktteaugh is reached. The columns are

then washed with the equilibration buffer (100 mkisTIHCI and 10 mM EDTA at pH 7.4),

and the Fab is eluted with 300 mM glycine buffepHt3.

[0165] The Fab dynamic binding capacity (DBC) at 10% btledugh and 3 minutes

residence time, along with the percent recovenetmh substrate is shown in Table 7.
Table 7

Ligand DBC (mg/ml) | Recovery (%

o NH,
./O\/\/S\)kN/Q/ 10 83
H

0]
l/o\/\/s\)J\N/@NH 24 81

./O\/\/S\)J\N 0.4 90

O NH,
0 23 55
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EXAMPLE 56

[0166] This example demonstrates monoclonal antibody baudersus residence time
using substrates according to embodiments of theniion.

[0167] A solid substrate is prepared according to ExarB@ed is loaded into a column
and used to bind pure monoclonal antibodies acegri the following procedure: 2 mg/ml
of mAb in sodium phosphate buffer at pH 7.2 wittoaductivity of 6 mS/cm is loaded onto
each column until it reaches 10% breakthrough avua residence times. The column is
washed with 20 mM sodium phosphate buffer and SPDNCI, and the mAb is eluted with
20 mM sodium acetate at pH 4.0.

[0168] The amounts of monoclonal antibodies binding tosthiestrate and eluted from
the substrate as well as the percent recoveryhangrsin Table 8. The substrate exhibits

high recovery of monoclonal antibodies at shoridesce times.

Table 8
Residence time (min)Bound (mg/ml)| Eluted (mg/ml)| Recovery (%)
3 41.0 40.3 98.2
4 46.7 46.5 99.6
6 62.0 58.3 94.0
EXAMPLE 57

[0169] This example demonstrates monoclonal antibody baudersus residence time
using substrates according to embodiments of thention.

[0170] A solid substrate is prepared according to Exar@pland is loaded into a column
and used to bind pure monoclonal antibodies acegri the following procedure: 2 mg/ml
of mAb in sodium phosphate plus 150 mM NaCl at pbl\Bith a conductivity of 15 mS/cm
is loaded onto each column until it reaches 10%MHireough at various residence times.
The column is washed with 20 mM sodium phosphaie p560 mM NaCl (with a
conductivity of 15 mS/cm), and the mAb is elutedha80 mM sodium phosphate plus 250
mM NaCl (with a conductivity of 25 mS/cm) at pH 8.0

[0171] The amounts of monoclonal antibodies binding tosthiestrate as well as the
percent recovery are shown in Table 9. The sulestnehibits high recovery of monoclonal

antibodies at short residence times.



N*----'N NH2 H 30 82 siNH2 41100 OHNH25895 54 ..0......... -S ONH272910
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Table 9
Residence time (min)Bound (mg/ml)| Recovery (%)
3 37.3 ~98
4 47.0 ~95
6 68.3 ~92
EXAMPLE 58

[0172]

breakthrough and a residence time of 3 minutegyusibstrates according to embodiments of

This example demonstrates monoclonal antibody bmend recovery at 10%

the invention.
[0173]

substrate sample is loaded into a separate colmehnsed to treat a sample of biological

Solid substrates are prepared according to Exar3pks8, and 9. Each solid

material comprising monoclonal antibodies as dbscrin Example 56.

[0174] The mAb dynamic binding capacity (DBC) at 10% btbadugh and 3 minutes
residence time, along with the percent recoveryetmh substrate is shown in Table 10.
Table 10
Ligand DBC (mg/ml) | Recovery (%)
(ligand density)
o NH,
[0\/\/3%,\,@/ 41 >05
(78 umol/ml) "
O
./O\/\/S\)J\H/Q\NHZ 39 >95
(68 umol/ml)
NH,
0 OO
./o\/\/s \)J\H 35 83
(42 umol/ml)
o ONHQ
l/O\/\/SJLN N 44.9 >94
(58 umol/ml) "




SUPPEN O S "-S-....-ArN I NH2 26 76 COOH ..0,...."...-.."."-S0 NH2 30 58 .0",%."...-..".."-S COON O N
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EXAMPLE 59

[0175] This example demonstrates aggregate removal usbgirates according to
embodiments of the invention.

[0176] Solid substrates are prepared according to Exampdesl 5. Each solid substrate
sample is loaded into a separate column and useeaiba sample of biological material
comprising 75.5% monoclonal antibodies and 24.5%segates according to the procedure
described in Example 56.

[0177] The amounts of monoclonal antibodies and aggregatke samples after
treatment with a substrate are shown in TableAfter treatment with the substrate
described in Example 3, the resulting product Ha8% monoclonal antibodies and 8.1%
aggregates. An even larger increase in the priogpoof monoclonal antibodies compared to
aggregates is observed for the sample treatedtmgtBubstrate described in Example 3,

which has 99.0% monoclonal antibodies and 1.0%eagdes after treatment.

Table 11
mAb (%) | Aggregates (%
Starting mAb material 75.5 24.5
Load at pH 7.4 and 15 mS/cm / Elute at pH 491.9 8.1
WO
./O\/\/S\)J\H
Load at pH 7.4 and 15 mS/cm / Elute at pH 499.0 1.0
2L

EXAMPLE 60

[0178] This example demonstrates IgG static binding caigaaising substrates
according to embodiments of the invention.

[0179] Solid substrates are prepared according to Exar8ples 14, 15, and 19-45. The
IgG static binding analysis is carried out by digsm 27 mg of approximately 94% pure
human lyophilized 1gG (SeraCare Life Sciencesnlonber G111RM-25B0802) in 10 ml of
PBS to make 2.5 mg/ml IgG solution. A serial ddatof the IgG solution is prepared in

duplicate, and the UV absorbance is determine@@n2n. The absorbance values are used
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to plot a graph against the nominal concentratiand,the slope of this plot is used to
calculate the actual IgG concentrations of thetidihs using 1.43 as the extinction coefficient
of 1IgG. 50 pL of 1:1 slurry of each sample of beadPBS is pipetted into separate 1.5 ml
microcentrifuge tubes in duplicate, and 1 ml of A&ml 1gG in PBS is added to each tube.
Tubes are rotated for two hours and spun downdfomhinutes. 120 pL of each sample is
then pipetted into 96-well plates, and the UV abaoce is read at 280 nm.

[0180] The static binding capacity and ligand densitygach substrate are shown in

Table 12. The substrates exhibit high static migdiapacity even at low ligand densities.

Table 12
Substrate Ligand Static Binding
Density Capacity
(umol/ml) (mg/ml)
NH,
0]
./O\/\/S\)J\N 78 94
H
2
0}
./O\/\/S\)J\N 40 77
' NH,
NO,
o Ji ND 92
./ NP N
H NH,
NH,
Q N*\N 30 72
./O\/\/S\)LNMNHZ
H
0O NN
./O\A/S\)LNMNH 30 82
2
H

41 100
l/o\/\/s\)LN O

l/o\/\/s\)J\N N 58 9
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(0]
[o\/\/sQLNj;j\/NHZ 72 91
H
g L1
H
COOH
0 30 58
H
COOH
\)?\ 70 100
l/o\/\/S N
H NH,
SO,H
0 kG 28 51
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EXAMPLE 61

[0181] This example demonstrates BSA (bovine serum albustatic binding capacities
using substrates according to embodiments of theniion.

[0182] Solid substrates are prepared according to Exar@2@ie6, 29-31, 34, 35, 37, 38,
41, 42, and 44. The BSA static binding analystsaisied out by dissolving 22 mg of
approximately 96% pure BSA powder (Sigma Aldricatdh number 106K0687) in 10 ml of
0.1M MES at pH 4.7 to make a 2mg/ml BSA solutignserial dilution of the BSA solution
is prepared in duplicate, and the UV absorbandetsrmined at 280 nm. The absorbance
values are used to plot a graph against the noraamalentrations, and the slope of this plot is
used to calculate the actual BSA concentratiorieeflilutions using 0.625 as the extinction
coefficient of BSA. 50 pL of 1:1 slurry of eachmgale of beads in 0.1M MES pH 4.7 is
pipetted into separate 1.5 ml microcentrifuge tubeduplicate, and 1 ml of 2 mg/ml BSA in
0.1M MES pH 4.7 is added to each tube. Tubesaated for two hours and spun down for
two minutes. 120 pL of each sample is then pigetio 96-well plates, and the UV
absorbance is read at 280 nm.

[0183] The static binding capacity and ligand densitygach substrate are shown in

Table 13. The substrates exhibit high static migdiapacity even at low ligand densities.

Table 13
Substrate Ligand Density Static Binding
(umol/ml) Capacity
(mg/ml)
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[0184] This example demonstrates the effect of pH and wcindty values on pure
bovine serum albumin (BSA) dynamic binding at 108aithrough using substrates
according to embodiments of the invention.

[0185] A solid substrate is prepared according to Exar@pleEach solid substrate
sample is loaded into a separate column and usgetéomine the dynamic binding capacity
(DBC) of BSA according to the following procedurBSA 2 mg/ml in various buffer
solutions with variable pH (3.4-8.5) and variabbmductivity (0-80 mS/cm) is loaded onto
each column until the 10% breakthrough is reackegli(e 3). The column is then washed
with the loading buffer (e.g, pH 4.7 and a conduitgtiof 15 mS/cm) to remove BSA
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[0181]This example demonstrates BSA (bovine serum albumin) static binding capacities
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adsorbed to the substrate. The BSA is then eligad) 50 mM sodium phosphate buffer at
pH 8.0 and 250 mM NacCl.

[0186] The amount of BSA bound at 10% breakthrough foh¢ested pH and
conductivity combination is shown in Figure 3. g values greater than or equal to 6.0, no
BSA binding was observed at conductivity highemtBanS/cm. At pH 3.4, the BSA

binding capacity increases with the increase irdaotivity. For this ligand, pH 4.7 is the

optimum loading pH, with a conductivity less tharequal to 15 mS/cm.

[0187] All references, including publications, patent éggtions, and patents, cited
herein are hereby incorporated by reference tadinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0188] The use of the terms “a” and “an” and “the” andl&st one” and similar
referents in the context of describing the invem{especially in the context of the following
claims) are to be construed to cover both the samgund the plural, unless otherwise
indicated herein or clearly contradicted by contéke use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the liggeas (A or B) or any combination of two
or more of the listed items (A and B), unless othee indicated herein or clearly
contradicted by context. The terms “comprisindyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eaelparate value falling within the range,
unless otherwise indicated herein, and each sepealite is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgxes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to beatleminate the invention and does not pose a
limitation on the scope of the invention unlesseoivise claimed. No language in the
specification should be construed as indicatingraomy-claimed element as essential to the
practice of the invention.

[0189] Preferred embodiments of this invention are deedriterein, including the best

mode known to the inventors for carrying out theeimtion. Variations of those preferred



using substrates according to embodiments of the invention. [0182]Solid substrates are prepared
according to Examples 22-26, 29-31, 34, 35, 37, 38, 41, 42, and 44. The BSA static binding analysis is
carried out by dissolving 22 mg of approximately 96% pure BSA powder (Sigma Aldrich, batch number
106K0687) in 10 ml of 0.1M MES at pH 4.7 to makeg2mg/m1 BSA solution. A serial dilution of the BSA
solution is prepared in duplicate, and the UV absorbance is determined at 280 nm. The absorbance

values are USGHIEJNY R OFARNRBINE APENemiIRARRCS UTalaN S HRAhe Sipne AifysHlot is used to

calculate the actual BSA concentrations of the dilutions using 0.625 as the extinction coefficient of BSA.

50 pL of 1:1 $ATRYPEILARFCERAPIe DRBHERENTAD PRAGHESEBRISATS AFHMIEY THED S@HFHARS A m|
microcentrifugppitspeiais, duplivativantbisnimtend farghvliBésfidpe. bMdvé=l pthietwide asdedsto each tube.
Tubes are rotategf}‘gar“fw egoy S cejrs un Agc%vgrr(\jﬁ?rltw .mﬂi!rﬁ%es. 120 pL aqr eaﬁﬁhggép)glsggﬁ C}hen pipetted
into 96-well p?gfses, ghd the Absorbandeis read At nm.n[dﬁ lé?%%e STRRC'B INg capacity and
ligand densitgdoiveiarisobitessaieet shatan iaciiabla 18¢The ppdrstest bs rebitst peghitestibybinding
capacity even gt euplioans dralgs: TaYEotRorRBH bR dumekiah) SHisSinding
Capacity (mg/me NH2 1 o s.)L7851,..0..,........-.."."...S40NH2 85 5 NH2

0.........r.... Varialignq tTedRoTis @IFORPasSer ) the inventidess otherwise indicated herein or
otherwise clearly contradicted by context.
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CLAIMS:

1. A substrate comprising:
(a) a solid support;

(b) a ligand of the formula

2
—§—C—NH~@—NH2
; and

(c) a linker comprising at least one C, O, N, @t&mn covalently connecting the solid
support to the ligand at the position on the ligamticated by the wavy line;

wherein

@ represents an aromatic or heteroaromatic ring&gldrom the group
consisting of phenyl, pyridyl, pyrimidinyl, and rtahyl, optionally substituted
with 0-4 substituents selected from the group iimgj of

-H, -(C;-Ce) alkyl, halogen, -OH, -O(£Cs) alkyl, -COOH, -COO(G-Cg)
alkyl, -SQH, -PQH, -NO,, -NHj,

It H
—C—NH—(F—(C1-C6) alkyl—S(C4-Cg) alkyl
COOH

I H
—C—NH—CIJ—(C1—06) alkyl—COOH 9 S/ S
COOH ,—C—NH ——COOH |

0
—C-NH— C (C4-Co) aIkyI—@— H —C NH— c—@

COOH COOH
? =@ 0
T CNH=(CrCo) alky ™\ N —C-NH—(C,-Ce) alkyl—COOH

0] O

—("l—NHOCOOH —C-NH—(C,-Cq) a|kyl~®—000H

H
—C— C (C4-Ce) alkyl—S(C4-Cg) alkyl
NH2
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® H \ ® H
—C-NH—C—(C,-Cq) alkyl —C-NH—C—(C,-Co) alky!
COOH , COOH ,
2 Q y GOoH

H
—C—NH—(|3—C—N—|(_|)—(C1—CG) alkyl—S(C-Cg) alkyl
(C4-Ce) alkyl—S(C4-Cg) alkyl

NH

I H H u
——C-NH—C—(C;-Cy) alkyl-N—C—NH,
COOH ,
0 N\ (0]
It H \\ 7 I H
—C-NH—=C—(C;-Cy) alkyl NH —C~NH—C—(C4-C¢) alkyl—OH
COOH , and COOH

2. A substrate of claim 1, wherein

@ represents phenyl, pyridyl, or naphthyl, optiopalibstituted with 0-1
substituents selected from the group consistinglpfCOOH, and -SeH.

3. A substrate of claim 1, wherein

@ represents phenyl, optionally substituted with €ufstituents selected from
the group consisting of -H, -COOH, and <50

4. A substrate of claim 1, wherein

@ represents phenyl, optionally substituted with €ufstituents selected from

the group consisting of

(0]
— CNH—B—(C,-Cy) alky—S(C,-C it
I (C4-Ce) alky (C4-Cp) alkyl —C—NHOCOOH
COOH and

H

? H \N
—C-NH—C—(C,-Co) alky!

COOH
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5. A substrate of claim 1,

wherein the ligand has a formula selected frongtioeip consisting of

NH, H,N
O Il Il
£-C-NH NH2 $-C- NH—@ %—c NH@
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0 0
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0 —
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NH, HN  NH, %_C_NHAQ\_//N
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+-C-NH NH, %_9
)
NH, OH



H 40 'A,NH NH2HN-A NH 2 55 55 .0...".?"..""S H 0 HO 110N OH 92 50 .0"........ e "5 NH2 11101H Lt
i OOHN 65 35 EXAMPLE 62 [0184]This example demonstrates the effect of pH and conductivity values
on pure bovine serum albumin (BSA) dynamic binding at 10% breakthrough using substrates according to
embodiments of the invention. [0185]A solid substragsis prepared according to Example 20. Each solid
substrate sample is loaded into a separate column and used to determine the dynamic binding capacity
(DBC) of BSA according to the following procedure: BSA 2 mg/ml in ggrious buffer solutions with variable
pH (3.4-8.5) and variable conductivity ( ’SOFmS/cm) is loaded o ach column until the 10%

breakthrough is reached (Figure 3)9The/Co mBHs then washe Io ing buffer (e.g, pH 4.7 and a
conductivity of 15 mS/cm)to remov §¢\
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61 adsorbed to the substrate. The BSA is then eluted using 50 mM sodium phosphate buffer at pH 8.0
and 250 m1)/1 NacCl. [0186]The amount of BSA bound at 10% breakthrough for each tested pH and
conductivity combination is shown in Figure 3. At pH values greater than or equal to 6.0, no BSA binding
was observed at conductivity higher than 5 mS/cm. Ay pH 3.4, the BSA binding capacity increases with
the increase in conductivity. For this ligand, pH 4.7 is the optimum loading pH, with a conductivity less
than or equal to 15 mS/cm. [0187]Adl references, including publicationgpatent applications, and patents,
cited herein are hereby |ncorporate byoreference to the same extent@s if each reference were
individually and specm%rg ateq] to be incorporated by referédce 2 t forth in its entirety
herein. [0188]The use a" and ‘an” and "th and ‘at & @ al ilar referents in the
context of describing the invention (& iall |§Ct1[?e claifi
cover both the singular and the plural, u s othefwi ed/herein or"blearly contradicted by
context. The use of the term "at least-yre" followed by a list of onengt, more items (for example, "at least
one of A and B") is to be construed to mean one item selected from the listed items (A or B) or any
comblnatlon of two or more of the |IS d fEms (A and B), unless otherwise indicated herein or clearly

' |ng," "havingg' “includi e and "containing" are to be

i ‘ ited to,") unless otherwise noted.

to setnve@s a shorthand method of referring
individually to each seb%rrﬁté“b' \ II|ng Wltﬂln the range, unless othdvis® |nd|cated hereln and each
separate value is incorporate 0 the specification as if it were inglividya
described herein can be performed in any suitable order unless otherwise iNHicated hereln or otherwise
clearly contradicted by context. The use of any and all examples, or exemplary language (e.g., "such as")

scope of the |nvent|on unless other%gnse claimed. No Iang |n the atign should be construed as
indicating any non-claimed elemen s,eﬁseetlgl to the pra e "6t the ifvention’ rb189]Preferred
embodiments of this |nvem|on are_descr ncludlng the kest mode known to the inventors for
carrying out the mvent@nc\/an of hmn@é%red 62 embodlments My become apparent to those
of ordinary skill in the art upon reading the foreg description. The |lrlNer(tors expect skilled artisans to
employ such variations as apptpridte;@and the inveRtdts intend for the inveMiion to be practiced
otherwise than as specifically descgiped herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recjtedtn the claims append hereto as permitted by applicable law.
Moreover, any combinatidh of the=above cribedceleme n al sible variations thereof is
encompassed by the inyeRtidH o hen@léegn@ ot wise clearly contradicted by
context. 63 CLAIMS: 1. A su ate comprising: (a) a sol| pportofb aligand of the formula , NH2 ;

and (c) a linker comprising at 18ast one G/8\ N, or S atom covitently coﬁ'necnng the solid support to the
ligand at the position on the |I|gEN“Id indicated by the wavy line; wherein represents an aromatic or
heteroaromatic ring selected fro e group consisting of phenyf pyridyl, pyrimidinyl, and naphthyl,
optionally substituted uents selected from the gro sisting of

'4

II
NH O $—C-NH OH
o) \—< OH
OH, and HyN

6. A substrate of claim 1 having a formula seléd¢tem the group consisting of:

l/o\/\/sjih,@/ - l/O\/\/SJi”QNH

o) s |
./ N N ./o\/\/s\)LH SN,



-H, 4C1-C6) alkyl, halogen, -OH, -0(C1-C6) alkyl, -COOH, -COO(C1-C6) alkyl, -503H, -P031-1, -NO2,
“NH2, 9 C-NH-C-(Ci-C6) alkyl-S(C1-C6) alkyl COOH 9H C-NH-C-(Ci-C6) alkyl-COOHO iCS
COOH-8-NH-/ COOH ,, 9H OH -C NH C 1 COOH 9 C-NH-(C1-C6) alkyl -C-NH-(C1-C6) alkyl-COOH
0 HH N-C-C-(C1-C6) alkyl-S(C1-C6) alkyl 64 68

g O 0 Ay
' L
./o\/\/s\)LN N l/o\/\/sQLN Sy
H H

NH,
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o NTSN
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H H
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~

COOH
COOH

(0]
(0]
: O\//\N/S\/)L /I:tj
l/o\/\/stN NH l/ N
H 2 NH,



9H C-NH-C-(Ci-C6) alkyl 1 COOH 9H -C-NH-C-(C1-C6) alkyl 1 COOH 9H 0COOH RH! C-NH-C
C-C-N--(Ci-C6) alkyl-S(C1-C6) alkyl 1H (C1-C6) alkyl-S(C1-C6) alkyl 9HH Nii FI C-NH-C-(Ci-C6)
alkyl-N-C-NH2 i COOH N 0 Hi9 H 8-NH-C-(CiNH alkylINH-C-NH-C-(Ci-C6) alkyl-OH 11 COON,
andCOOH 2. A substrate of claim 1, wherein Y repra&gents phenyl, pyridyl, or naphthyl, optionally
substituted with 0-1 substituents selected from the group consisting of -H, -COOH, and -SO3H.
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3. A substrate of claim 1, wherein represents phenyl, optionally substituted with 0-1 substituents selected
from the group consisting of -H, -COOH, and -SO03H. 4. A substrate of claim 1, wherein ./ represents
phenyl, optionally substituted with 0-1 substituents selected from the group consisting of 9H
C-NH-C-(C1-C6) alkyl-S(C1-C6) alkyl i COOFI 9 -C-fjgi COOH , and 9H C-NH-C-(C1-C6) alkyl 1 COOH
65 5. A substrate of claim 1, wherein the ligand has a formula selected from the group consisting of
NH2H2 N NH
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OH 71 0O0OH N"*. ------ %'SCH3 H SCH3 72 wherein the black rectangle represents the solid
support. 7. A method of treating a sample comprising at least one biological substance with a substrate of
any one of claims 1-6, the method comprising contacting the substrate with the sample for a period of
time sufficient to allow at least one biological substamge in the sample to bind to the substrate. 8. A
method for separating at least one substance from a liquid sample, the method comprising contacting the
substrate according to any one of claims,i-6 with a liquid sample comprising the at least one substance,
wherein the substa adsorbs to theosubst and adjysting the pH, ionic strength, or both, such that
the substance deso Pom/fhe/s%bs#\am ~Feyr kclaim 7 or 8, wherein the at least one
substance comprises an antibody. o) . and

NH,

wherein the black rectangle represents the sopgat.

7. A method of treating a sample comprising astleme biological substance with a
substrate of any one of claims 1-6, the method cimmng contacting the substrate with
the sample for a period of time sufficient to allatMeast one biological substance in the
sample to bind to the substrate.

8. A method for separating at least one substanoea liquid sample, the method
comprising contacting the substrate according toame of claims 1-6 with a liquid
sample comprising the at least one substance, whée substance adsorbs to the
substrate; and, adjusting the pH, ionic strengttboth, such that the substance desorbs
from the substrate.

9. The method of claim 7 or 8, wherein the attleag substance comprises an antibody.

10. The method of any one of claims 7-9, compgisielectively binding IgG, IgM and/or
I0A.

11. The method of claim 7 or 8, wherein the astieme substance comprises an antibody
fragment.

12. The method of any one of claims 7-11, whetteensample comprises a biological fluid.

13. The method of claim 12, wherein sample coreprigasma.



10. The method of any one of claims 7-9, comprising selectively binding 1gG, IgM and/or IgA. 11. The
method of claim 7 or 8, wherein the at least one substance comprises an antibody fragment. 12. The
method of any one of claims 7-11, wherein the sample comprises a biological fluid. 13. The method of
claim 12, wherein sample comprises plasma. 73 1473he method of any one of claims 7-13, wherein the
substrate is disposed in a column, and the method comprises passing the sample through the column.

14. The method of any one of claims 7-13, whetiegnsubstrate is disposed in a column,

and the method comprises passing the sample thtbegtolumn.



