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PROTEIN PURIFICATION IN THE PRESENCE OF NONIONIC ORGANIC
POLYMERS AND ELECTROPOSITIVE SURFACES

STATEMENT OF RELATED APPLICATIONS
[(}60 1} This apphcatxon claims priority to U.S. Provisional Apphcation No. 61/769,416, ﬁled

February 26, 2013, which is incorporated herein by reference in its entirety. -

| BACKGROUND |

[0002] T Eis embodiments disclosed herein relates to methods for purification of proteins,
mciudmg antibodies, including IgG monoclonal antibodies. The techmque of protein |
praclpltatmn with non-ionic organic polymers, such as polyethylene glycol (PEG), is known. It is
most often used at low salt concentrations, in.the absence of added salt, but exceptions are -
known (D Gervaus et al, US Patent Application 2010/0204455 Al; K. Ingham, Arch. Biochern.
Biophys. 186 (1978) 106-113; K. Yamamoto et al, Vzrology, 40 (1970) 734-744; S. Branston et
'al Biotechnol. Progr. 28 (2012) 129-136).
[0003] The technique of Steric. Exclusion Chromatography is known (J. Lee et al, J. Chromatogr.
A 1270 (2012) 162-170; see also PCT/SG2012/ 000199; incorporated herein by reference anci
attached as Appendix‘ A). 1t exploits nonionic hydrophilic surfaces on which retention of a

" desired product is induced by a nonionic orgamc polymer such as PEG. Elevated NaCl:
concentrations have been reported to increase virus binding efficiency (Lee et al supra). Conductmg
the technique on fluidized particles in the presence of elevated concentrations of NaCl has been
reported to increase recovery and purity of igG preparations (P. Gagnon et al, J. Chromatogr.‘ A, 2014,

1324,171-180).

| [0004] Anion exchange chromatography is known, and used widely for purification of proteins. It
exp]oits. positively charged surfaces, on which proteins bind spontaneously when applied in
aqueous solutions that are devoid or deficient with respect to salts. Performance of anion
exchange chromatography in the presence of PEG is known, where the presence of PEG causes

proteins to elute from columns packed with porous particle anion exchangers at higher salt
concentrations than in the absence of PEG, and where the larger the protein, 'thg greater the
increase in salt cbnéanlratiqn required to elute the protein (P. Gagnon et al, J. Chromatogr. A 743
(1996) 51-55). | ‘ ‘



[0005] Methods for reducing the content of chromatin from cell culture harvests containing
monoclonal antibodies have been described (H. Gan et al, J. Chromatogr. A, 1291 (2013) 33-40.
Chromatin is known to include DNA and histone proteins in stable associations known as
nucleosomes. Gan et al reported that chromatin and its catabolites also form associations with
antibodies that limit the efficacy of subsequent fractionation methods. They reported methods
that achieved chromatin reduction of 99%, and further reported that such reduction improved the
quality of purification obtained by cation exchange chromatography. A variation of a technique
reported by Gan et al has been reported by Gagnon et al (2013, supra) to improve recovery and

purity of IgG fractionated by steric exclusion chromatography on fluidized hydrophilic particles.

SUMMARY

[6006] A method of purifying a desired protein from a preparation comprising (a) providing
the preparation in a form having less than about 5% of chromatin residing in an original
production medium, (b) contacting the preparation with a nonionic organic polymer and a salt,
wherein a concentration of nonionic organic polymer 1s sufficient to precipitate the desired
protein or cause its accretion on a hydrophilic surface, or maintain it in a precipitated state or
accreted on the hydrophilic surface, the salt concentration being sufficient to produce greater
than physiological conductivity, wherein the nonionic organic polymer is polyethylene glycol
(PEG), and (c) contacting the preparation with at least one electropositive surface, optionally in
the presence of a salt concentration sufficient to produce greater than physiological conductivity,
whereby the desired protein does not substantially adsorb to the at least one electropositive
surface while not preventing adsorption of acidic contaminants to the at least one electropositive
surface.

DETAILED DESCRIPTION
[0007] It has been surprisingly discovered that PEG-mediated fractionation methods can achieve a
higher degree of protein purification than the known high-functioning method of biological affinity
chromatography when the PEG-mediated method is performed on an impure preparation that has been
conditioned to remove at least 95% of the chromatin, and the PEG-mediated method comprises at least
one stage where the precipitation mixture contains an elevated concentration of salt, and at least one
stage where at least one electropositive surface is present, and at least one stage where the mixture of

PEG and the desired protein is in contact with at least one electropositive surface in a relative absence
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of salt. |

" [0008] In some embodiments, there are provided multi-step methods for purification of a desired
protein from a impure pfeparation conditioned to remove at least 95% or the chromatin, including
the steps of (i) mntacting the impure preparation with a non-ionic organic polymer in an amount
sufficient to cause the desired antibody to be precipitated, in the simultaneous presence of a
concentration of salt sufficient to produce a conductivity greater than normal physiological
conductivity, (ii) reducing or eliminating salt from the mixture, in the presence of at least one
electropositive surface, (iii) reducing the nonionic organic i:)olymer toa concentration insufficient

to maintain the desired protein in a precipitated state, and (iv) separating the at Jeast one

o clectroposztwc surface from the preparation, leaving highly purified desired protein which may be

further purified by additional fractionation methods, if desired. In one such embodiment, the
desired protein is IgG. ' | |
[0009] In some embodiments, there are provided multi-step methods for purification of a deéired
- protein from a impuré preparation conditioned to remove at least 95% or the chromatin, including
the steps of (i) contacting the impure preparation with a non-ionic organic polymer in an amount
sufficient to cause the desired protein to be precipitated, in the simultaneous presence of a
concentration of salt lsufﬁcient to produce a conductivity greater than normal physiological
conductivity, ‘ii) reducing or e,iminating salt from the mixture, (iii) reducing the nonionic organic
polymer to a concentration insufficient to maintain the desired protein in a pfecipi’tated state, in
" the presenée of at least one electropositive surface, and (iv) separating the at least one
electropositive surface from the preparation, leaving highly buriﬁed protein which may be further
purified by additional fractionation methods, if desired. In one such emBO‘diment, the desired
'protein'is 1gG. ' ‘ , ' . .
0016] In some embodiments, there are provided multi-step methods for purification 6f a desired
protein from a impure preparation conditioned to remove at least 99% or the chromatin, including
the steps of (1) contacting the impure preparation with a non-ionic organic polymer in an amount
sufficient to cause the desired protein to be precipitated, (ii) adding salt to the combination of the
conditioned harvest and nonionic organic polymer, to a concentration sufficient to produce a -
conductivity greater than normal physmlo gical conductlvﬂy, (iii) redu cmg or ellmmatmg salt
from the mixture, in the presence of at least one electropositive surface, (1v) reducmg the nonionic

organic poiymel to a concentration insufficient to maintain the desired protein in a precipitated
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state, in the presence of at least one electropositive surface, and (v) separating the at least one
electropositive surface from the préparation, leaving highly purified protein which may be'further '
purified by additional fractionation methods, if desired. In one such embodiment, the desired
protein is IgG. ‘ 4

[6011] In some embodiments, there are provided multi-step methods for purification of a desired
Iﬁrotein from a impure preparation conditioned to remove at least 95% or the chromatin, including
the steps of (i) contacting the impure preparation with a non-ionic organic polymer in an amount
sufficient to cause the desired protein to be precipitated, (ii) adding salt to the combination of the
conditioned harvest and nonionic organic polymer, to a c01}centfation‘ sufficient to produce a
conductivity greatér. than normal physiological conductivity, (iii) reducing or eliminating salt
from the mixture, (iv) reducing the nonionic organic polymer to a concentration insufficient to
maintain the desired protein in a precipitated state, in the presence of at least one electropositive
surface, and. (v) separating the at i.east one electropositive‘surface from the preparation, leaving
highly purified IgG which may be further purified by additional fractiﬁnation methods, if
desired. In onc‘suph embodiment, the desired protein is IgG.

[0012] In some embodiments, there are provided multi-step methods for purification of a desired
protein from a impure preparation conditioned to remove at least 95% or the chromatin, including
the steps of (i) contacting the impure preparation with anon-ionic organic polymer in an amount
sufficient to cause the desired protein to be precipitated, in the simultaneous presence of a
concentration of salt sufficient to produce a conductivity greater than normal physivololgical‘
conductivity, (i) reducing or eliminating salt from the mixtvx‘é, (iii) reducing the nonionic organic
polymer to.a concentration insufficient to maintain the desired protein in a precipitated state, then
contacting the mixture with at least one electropositive surface, and (iv) separating the at least one
electropositive surface from the preparation, leaving highly purified protein which may be further
purified by additional fractionation methods, if desired. In one such embodiment, the protein is
1gG.

[0013] In some embodiments, at least one stage of the process involves the desired protein being
in contact with the at least one electropositive surface under conditions that substantially prevent
the édserptfon of the desired .protein to that surface. In some such embodiments, the desired
protein is an ng antibody. In some such embodiments, the desired protein is a monoclonal IgG

antibody.
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[0014] In some embodiments, at least one stage of the process involves the desired protein being
in contact with the at least one electropositive surface under conditions that cause substantially all
of the desired protein to adsorb to the at least one electropositive surface. In some such
embodiments, the desired protein is an IgM antibodj. In some such embodiments, the desired
protein is a monoclonal IgM antibody. In some embodiments, the desired protein is a non-
antibody protein. In some such embodiments, the desired protein is a clotting factor. In some such
embodiments, the desired protein is fibrinogen. In some embodiments, the desired protein is
Factor VIIL In some such embodiments, the desired profein is a complex of Factor VIII and-von
Willebrand factor, also known as antiheﬁwphili ac factor.

[6015] In any of the previous embodiments, the at least nonionic hydrophilic surface may
optionally be présent at any stage of the method up o the separation of the at least one |
electropositive surface from the purified protein. In some such embodiments, the at least one
nonionic hydrophilic surface ;Zs a monolith. In some such embodiments, the at least one nonionic
‘hydrophilic surface is in the formt of a membrane. In some such émbbdiments, the at least one
nonionic hydrophilic surface consists of a p'Iurality of particles. In some such embodiments, the
nonionic hydrophilic particles may have an average size of 10 nanometers, or 100 nanometers, or
I micron, or 10 microns, or 100 microns, or an intermediate or larger size. In some such
embodiments, the particle may be magnetic or paramagnetic, enabling their collecticn in a
magnetic field or on a magnetic surface.

[0016] In ahy one of the previous embodiments, the at least one electropositive surféce may be
in the form of a plurality of fluidized electropositive particles. In some such embodiments, the
particles may be ‘particies manufactured for conducting chromatography in columns. In some
such embodiments, the particles may be referred to as anion exchange chromato graphfy particles.
In some embodiments, the particles may be referred to as mixed mode chromatography particles,
referring to a situation where in addition to being electropositive, the particles also embody the
ability to participate in other types of chemical interaction with components of the antibody
preparation, such as hydrophobic interactions, hydrogen bonding, and coordination bonding or
metal affinity interactions. In some embodiments, the particles may also include negative
charges, so long as the net charge on the particles is positive. In some embodiments, the
electropositive particles may have an average size of 10 nanometers, or 100 nanometers, or 1

micron, or 10 microns, or 100 microns, or an intermediate or larger size. In some embodiments,
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the particle may be magnetic or paramagnetic, enabling their collection in a magnetic field or on
a.magnétic surface. A
[0017] In some embodiments where the at least one electropositive surface comprises a plurality |
of particles, the proportion of particles may constitute 1% of the volume of the preparation at the
time of particle adciitioﬁ, or 2%, or 3%, or 4%, or 5%, or 10%, or less, or more, or an 'interr.nediate‘
proportion. It will be recognized that the actual proportion of the particles will vary with the size
of the particles, their surface characteristics, the characteristics of the IgG, and the amount and
characteristics of the contaminants still present in the preparation. For initial experimental
purposes, it will be convenient to begin with 2 to 5% particles, as a volume'to volume proportion -
of the IgG preparation.
{0018] In any one of the previous embodiments, the at least one electropositive surface may be in
the form of a porous membrane. In some such embodiments, the -avéra.ge pore size of the
membrane may be 100 nm, or 220 nm, or 450 nm, or 1 micron, or 2 microns, or a smaller,
intermediate, or larger size. In some such embodiments, the dverage pore size of the membrane
may be 220 nm. In some such embodiments, the average pore size of the membrane may be 450 '
nm. Given that the function of the membrane will be to retain either PEG-inducéd precipitates
and/or hydrophilic particles, the membrane with the Jargest pore size distribution that retains those
species will be preferred since it will also support the highest transmembrane fluid transport rates
which will in turn support the shortest process time. In some such embodiments, thé m e'nibrane
may be referred to as an anion exchange chromato'graphy membrane or an anion exchange
membrane adsorber. In some embodiments, the membrane may be reftf:rred to as a mixed mode
chromatography membrane, referring to a situation where in addition to being electropositive, the
membrane also embodies the ability to participate in other types of chemical interaction with
components of the impure preparation, such as hydrophobic interactions, hydrogen bonding, and
coordination bonding or metal affinity interactions. In some embodiments, the membrane may
also include negative charges, so long as the net charge on the membrane is positive under the

" normal conditions of operation. ‘
[6019] In some embodiments, the electropositivity of the at least one electropositive surface may
be conferred bya nitrogen—coptaining compound. In some such embodiments, the nitrogen-
containing compound may be a primary amino group, or a secondary amino group, or a tertiary

amino group, or a quaternary amino group, or a combination or polymer of such groups. In some
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such embodiments, the nitrogen-containing compound may be tris(2-aminoethyl)amine (TREN).
In some embodiments, the positively charged nitrogen-containing group may be an imine, or a
pyridine, or other electropositive group. In some embodiments, the positive charge of a nitrogen-
-containing compound may reside on a residue other than a nitrogen atom, such as a sulfur atom.
[6020] In some embodiments, the disclosed methods may be practiced with an electropositive
membrane in housed in a tangential flow filtration apparatus which may be automated to varying
degrees as desired. In some such embodiments, an electropositive membrane méy also serve the
function of retaining the precipitated IgG, including when the IgG preparation contains a
concentration of salt that partially or largely or entirely prevents electrostatic interactions between
the positive charges q;n the membrane and negative charges on components of the impure
preparation. |
[0021] In some embodiments, where the at least one electropositive surface does not serve the
function of retaining precipitated 1gG, it may consist of a membrane device or a monolith, or a
column of packed particles. ‘ ‘ | A
[0022] In some embodiments, the method may be practiced with a nominally uncharged
membrane in a tangential flow filtration apparatus, where the uncharged membrane serves the |
function of retaining the precipitated IgG. In one such embodiment, the uncharged membrane
may also serve the function of retaining electropositive particles. In a related embodiment, the
uncharged membrane may altemaﬁifely serve the function of retaining electropositive particles.
[0623] In some embodiments, the method may be practiced with dead-end filtration media, where
the precipitate is retained while unprecipitated contaminants pass through, and are thereby
eliminated. ' ‘
[0624] In some embodiments, the method may be practiced with centrifugation, where the
precipitate is sedimentad,‘ enabling the disposal of the contaminant-containing supernatant.
[0025] In some embodiments, the concentration of PEG iﬁ the IgG preparation at the low- or no-
salt stage where acidic contaminants are understood to bind to the at least one electropositive
- surface, may be the highest concentration of PEG that permits the IgG to become soluble, with the
“intent of the PEG enhancing contaminant binding to the membrane: In other embodiments, the
concentration of PEG in the resolubilized IgG may be the lowest possible concentfati.on to
. minimize the viscosity of the sample and/or to facilitate its later removal. Knowing that the PEG

concentration in the solubilized IgG may have some practical value, it is within the purview of a
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pei‘son of ordinary skill in the art to run the simple experiments to identify the concentration that
best serves their interests in a particular sitnation.
[0026] In some embodiments, a concentration of salt sufficient to produce a conductivity greater
than normal physiological conductivity may be substantially greater than normal physiological
conductivity. Where normal conductivity may range from 12 to 16 _mS/cm, a value considered to
be substantially greater may include 20 mS/cm; or 30 mS/cm, or 40 mS/cm, or 50 mS/ cm, or 60
mS/em, or 70 mS/em, or 80 mS/em, or 90 mS/em, or 100 mS/om, or 150 mS/em, or 200 mS/em,
or an ixlterlllediéte or higher value, for example up to the conductivity of a saturated solution of
NaCl. Experimental data indicate the most effective contaminant reduction and IgG recovery may
be obtained in a range from about 50 to 150 mS/cm, or con“espo'nding to a concentration of NaCl
ranging from about 0.5 to 1.5 M. In other cases, the term greater than physiological conductivity
may be understood to be 17, or 18, or 19 mS/em, or an intermediate value. It is to be understood
that every IgG behaves differently and the components of the impure preparation in which the
1gG resides also impose an influence, so it will be necessary to conduct simple experiments to
determine the most favorable conductivity to accommodate a particular 1gG preparation. It is
inﬁportant to realize that in addition to the advantagé of enabling PEG precipitation to achieve a
higher level of purity, the reduction of contaminants, including acidic contaminants, also reduces
the capacity‘needed by the at least one electropositive surface, which renders it more effective and
may also permit the dimensions of that surface to be reduced.
[6027] In some embodiments, the salt employed to increase conductivity may be a neutral salt,
such as sodium chloride, potassium chloride, sodium acetate, potassium acetate. In some
- embodiments the salt may be a chaotropic salt, such as gnanidine acetate, guanidine
hydrochloride, guanidine sulfate, phosphate, sodium thiocyanate, or potassium thiocyanate,
among others. In some embodiments, the use of precipitating salts will be avoided, including
sodium sulfate, potassium sulfate, ammonium sulfate, sodium citrate, potassium citrate,
ammonium citrate, potassium phosphate, because they have a strong tendency to create a
spontaneous phase separation, producing a concentrated PEG solution floating on top of a
concentrated salt solution. For most purposes, and especially as a starting point, NaCl will
generally be the salt of choice. | .
[0028] In some embodiments, the concentration of salt is greater than 2.0 M, or greéter than 2.5

M, or greater than 3 M, or greater than 4 M, up to a saturated solution. In some such
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embodiments, the salt is NaCl. In some such embodiments, the salt is KClL
[0029] In some embodiments, during the process ﬂstaige where the conductivity is above
physiological conductivity, especially including values substantially above plﬁysio]égica]
conductivity, the need to optimize operating pH may be reduced or suspended. At low
conductivity values, pH modulates charge interactions among proteins. When proteins are at their
isoelectric point, their net charge is zero and they are minimally self-repellant. When pH is above
their isoelectric point, they have a net negati\n; charge, and with increasing pH become
increasingly self-repellant. When pH is below their isoelectric point, they have a net positive
charge, and with decreasing pH become increasingly self-repellant. Thus when a given IgG is at
or close to its isoelectric point, it generally favors precipitation by PEG. Since salt ions compete
with electrostatic interactions between charged bodies in solution, they reduce the degree of
repellency between proteins at pH values away from their isoelectric point, which reduces or
abolishes the effect of ijI. The practical si gniﬁcance m the context of the disclosed methods is
that in some embodiments, the presence of salts at conéentratioﬁs that produce high conductivities
* eliminates the need to adjust pH. For the purposes of customizing the method to a particular IgG
“in a particular impure preparation, a neutral pH of 7.0 makes a good starting point, and it may be
unnecessary to adjust it.
{0030} In some embodiments, pH adjustment may be deferred until the stage where the 1gG
preparation is in contact with the IgG in the absence of excess salt. At this stage it méy be
advantageous to adjust the pH to a value approaching the isoelectric point of the IgG to minimize
the concentration of PEG required to maintain the antibody in a precipitated state. At this stage,
and/or at the stage during which at Jeast one electropositive surface is on contact with the 1gG
preparation, which in some embodiments may be one in the same, it will be advantageous to
adjust the pH to maximize the ability of the at least one electropositive surface to bind acidic
contaminants. Knowing the isoelectric point of a given IgG may be helpful, but binding to
surfaces is also influence by charge distribution on the protein, which is gen.eraliy unknowable in
advance, so simple experiments with different pH values will be the most effective way to
identify the optimum pH. A pH value of 8.0 is a convenient place to start wit'h most human IgG1 -
monocional antibodies.
[0031] In some embodiments where a salt is presént ata concentration greater than 2 M, the pH

of the solution is 7, or 8, or 8.5, higher, or 6, or 6.5, or anotﬁer value between 6 and 8.5, or lower
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than 6. ‘ _

[0032] In some such émbodimmts, th@ salt is NaCl or KCl, or a combination thereof.

{0033} In some cmbodimeﬁts, the salt concentration at the stage where acidic contaminants are
bound to the at least one electropositive surface is ideally zero, or the lowest concentration
required to mamtam the solubility of the antibody.

[0034] In some embodiments, the nomomc organic polymer may be polyethylene glycol (PEG),
-or polypropylene g]ycoI or dextran, or cellulose, or starch, or polyvinylpyrrolidone, among
others.

[0635] In some embodiments, the nonionic organic polymer will be PEG with a polymer size Of
about 2,000 Daltons (D}, or 3,000 D, or 4,000 D, or 5,000 D, or 6,000 D, or 8,000 D, or 10,000 D,
or 12,000 D, or an intermediate polymer size. Experience documents that the srﬁaﬂer the average
polymer size, the higher the concentration required to achieve precipitation. This is not simply to
adjust for mass; there is a progressive effect mediated by the fact that ﬂ}éeffectivity of PEG
polymers.is proportional to their hydrodynamic radius independent mass, so thaf PEG polymers of
the same mass but different degrees of branching have different abilities to mediate precipitation..
[0036] In some embodiments, the PEG will be PEG-6000, and the concentration of PEG
employed to achieve IgG precipitation at physiological or lower conducﬁvit}; values, or to
maintain the IgG in a precipitated state at those conductivity values, may range from 12% to 18%,
or 14-16%. In some embodiments, the concentration of PEG- 6000 in a concentration of salt
- sufficient to produce a conductivity of about 80 mS/cm suchas 1 M NaCI will need to be
elevated in order to achieve IgG precipitation and/or maintain IgG in a precipitated state. In one
such embodiment where the concentration of PEG-6000 required to achieve precipitation at
physiological concentration is 15{1 6%, the concentration of PEG-6000 required to achieve
precipitatibn in the presence of 1 M NaCl is 18-22%. This reflects a known but generally
overlooked effect of salt whereby it decreases the hydrodynamic radius of the PEG. These
concentrations can be used as guidelines or starting points, with the understanding that
accommodating the unique individual characteristics of each 1gG clone and the impure
preparation in which it resides will require optimization.

{8037}, In some embodiments, the impﬁre 1gG preparation may consist of a cell culture harvest;
such as from'mammalian cells, yeasts, or bacteria. In some embodiments, the impure preparation

may consist of an extract of cultured cells. In some embodiments, the impure IgG preparation
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may consist of a bodily fluid, such as plasma, serum, milk or other bodily fluids.

[0038] In some embodiments, the impure preparation may'-be a cell culture harvest that has been
processed to remove cells. In one such embodiment, the harvest may be previously condmoned by
physical méthods such as centrifugation and ﬁltra‘aon

[0039] 1n all of the previous embodzments practicing the dxsclosed methods on an impure
'prcparaﬁon that has been conditioned to remove at least 95% of chromatin and associated
catabolites disproportionately increases the ability of the system to achieve high purification. In
some such embodiments, the harvest may be conditioned by contact with one or more positively
charged surfaces whére the positive charge is conferred by multivalent organic ions immobilized
on the surface. In another such embodiment, the conditioning method involves contacting the
desired product preparation with soluble multivalent organic ions. In another such embodiment,
the conditioning method involves contacting the desired product preparation with soluble and/or
insoluble multivalent organic ions. ‘

[0040] In one or more of the preceding embodiments, cbnditioning the impure prepération with
organic mu]t;valem ions comprises contacting the sample with a soluble electropositive or gamc
additive. In some such embodiments, the electropositive organic additive comprises at least one
species from the group consisting of ethacridine, methylene blue, cetyl trimethylammonivm
bromide. In some such embodiments, the concentration of such a species, or aggregate
concentration of a combination of sbecies is in the range of 0.001.to 1%, or 0.01 to 0.1%, or 0.02
t0 0.05%, or 0.01 t0.0.1%, or an intermediate value. In some such embodiments the pH of the
preparation may be adjusted up to an alkaline value that does not cause si gniﬁc‘an{ reduction of
recovery of the desired IgG. In one such embodiment, the pH may be adjusted upto a pH value
within a half pH unit of the antibody isoelectric point, or more if experimental results indicate
that antibody recovery is acceptable, but such adjustments are geﬁeraliy not necessary. To the
extent that any pH adjustment is made, a value within 1 pH unit of the protein isoelectric point
will suffice, or within 1.5 pH unmits.

[0041]-1n one or more of the preceding embodiments, conditioning the impure preparation with
organic n:iujtix)a!ent ions comprises contacting the sample with a soluble electronegative organic
additive. In some such embodiments, the electronegative organic additive compris'és at least one
‘species from the group consisting df,heptanoic acid, octanoic acid, octenoic acid, nonanoic acid,

nonenoic acid, decanoic acid, methyl blue. In some such embodiments, the concentration of such
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a-species, or total concentration of a combination of species is in the rangc of 0.001 to 10%; or
0.01 to 1%, or 0.1 t0°0.5%. In some such embodirﬁents the pH of the preparation may be
adjusted down to an aci&ic value that does not cause significant reduction of recovery of the
desired protein. In some such embodiments, the pH of the preparation may be adjusted to the
range of 3.5 t0 6.5, 4.0 t0 6.0, 4.5 t0 5.5, 5.0 to 5.3, 5.15 to 5.25, or 5.2, or another intermediate
value. _ ' .
[0042] In one or more of the preceding embodimerits, conditioning the impure pl'eparatidn with
“organic multivalent ions éomprises contacting the sample witﬁ undissolved allantoin. In some
such embodiments, the added allantoin resident in a impure preparation may amount to about
- 0.6% to 50%, or 0.7 to 20%, or 0.8 to 10%, or 0.9 to 5%, or 1 to 2%, or an intermediate value. In
~ one or more of the preceding embodiments, the average particle size of the dry allantoin is
selected to be the smallest size available, with the goal of achieving the highest total surface area
of the undissolved allantoin in a supersaturated solution. In one subﬁ embodiment, the allantoin
is granulated to produce a smaller particle size. \
' [0043] In some embodiments, where a multimodal organic ion immobilized on a solid surface is
electropositive, the immobilized multimodal organic ion may be a nitrogen-containing group,
such as a primary amino group, or a secondary amino group, or a tertiary amino group, or a
quaternary amino group, or a combination or polymer of such groups. In some such
embodiments, the nitrogen-containing compound may be Tris(2-aminoethyl)amine (TREN). In
- some embodiments, the positively charged nitrogen-containing group may be an imine, or a
pyridine, or other electropositive group. In some embodiments, the positive charge of a nitrogen-
containing compound may réside on a residue other than a nitrogen atom, such as a sulfur atom,
{6044) In one or more of the preceding embodiments, conditioning the impure preparation with
organic multivalent ions comprises contacting the sanip]e with a nonionic or zwitterionic
surfactant at a concentration lower than its critical micelle concentration.
[0045] In one or more of the preceding embodiments, conditioning of the impure prepara’;idn with
organic multivalent iéﬁs comprises (i) providing a first component which is a first solid substrate
having an electronegative surface; (ii) contacting the impure preparation with the first component,
wherein the operating conditions substantially prevent the binding of the desired protein to the
first component; and (iii) separating the desired proi;ein with a reduced chromatin content from the

first component. In some such embodiments, the first electronegative surface may be
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accompanied by a second electronegative surface.
[6046} In one or more of the preceding embodiments, conditioning of the impure preparation with
| organic multivalent jons comprises (i) providing a first component which is a first solid substrate
having an electropositive surface; (ii) contacting the impure preparation with the first component,
wherein the operating conditions substantially prevent the binding of the desired protein to the
first component; and (iii) sepm’atingvthe desired protein with a reduced chromatin content from the
- first componeﬁt. In some such embodiments, the first electropositive surface beérs residues of
tris(2-aminoethyl)amine. In some such embodiments, the first electropositive surface may be
accompanied by a second electropositive surface.
[0047} In one or more of the preceding embodiments, conditicningof the impure preparation with
organic multivalent ions comprises (i) providing a first componsnt which is a first solid subsirate
having an electropositive surface; (i) providing a second component which is a second solid
substrate having an electronegative surface; (ili) contacting the impure preparatibn with the first
" and second contponents, wherein the first and second componeﬁts are confi gﬁred such that the
impure preparation may contact both components simultaneously, wherein the operating
conditions substantially prevent the binding of the desired protein to the first or second
componentsi and (iv) separating the desired protein with a reduced chromatin content from the
first and second components. In some such embodiments, the first electropositive surface bears
residues of Tris(é-aminoethyl)amine (TREN).
[6048] In one or more of the preceding embodiments, conditioning of the impure preparation with
organic multivalent jons comprises (i) contacting the impure preparation with at least one solid
 surface comprising at least one surface-bound ligand capable of binding a metal, wherein the
surface-bound ligand capable of binding a metal is initially substantially devoid of a metal,
wherein operating conditions are selected to substantially preveﬁt the binding of the desired
protein to the at least one solid surface and (ii) separating the impure preparation from the at least
one surface-bound ligand. ' :
[0049] In one or more of the precedmg embodiments, an impure preparation already treated with
a soluble electropositive or elec{:ronegatwc orgamc additive and/or a solid surface bearing an
eléctronegative, electropositive, or metal affinity ligand, may be subsequently flowed through a
device, the ﬂmd-contact surface of which comprises positive charges.

[06050] In one embodiment illustrating application of a chromatin-directed clarification mcthod
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allantoin is added to a cell culture harvest in an amount of 1% (v/v). The cell culture may contain
cells, or the cells may previously have been removed. Methylene blue is added to a concentration
of 0.025% (w/v). Alternatively, ethacridine may be added to a concentration of (.025%.
Alternatively, 0.025% cetyl trimethyl ammonium bromide may be added to a concentration of
0.025%. Alternatively, a combination of these or other electropositive organic additives may be
used at a combined concentration of 0.025%. The mixture is then incubated stirring for 2 hours.
Particles bearing the electropositive metal affinity ligand Tris(2-aminoethyl)amine (TREN) are
added in an amount of 2-5% v:v. The mixture is incubated stirring for 4 hours then the solids are
removed by any expedient means. The remaining solution containing the desired protein may be
optionally flowed through a depth filter bearing positive charges on its fluid contact surface.
{08051] In another embodiment illustrating application of a chromatin-directed clarification
method, allantoin is added to a cell culture harvest in an amount of 1% (v/v). Thc cell culture may
" contain éeils, or the cells may previously have been removed. 0.7% heptanoic acid is added.
Alternatively 0.6% heptenoic acid is added. Altezﬁatively 0.4% octanoic acid is added.

© Alternatively 0.4% octenoic acid is added. Alternatively 0.3% pelargonic (nonanoic) acid is
added. Aiterﬁatively, 0.4% nonenoic acid is added. Alternatively 0.2% cépric acid is added.
Alternatively, 0.5% methy! blue is added. Alternatively, a combination of these or other
electronegative organic additives may be used. The mixture is then incubated stirring for 2 hours.
" Particles bearing the electropositive metal affinity ligand Tris(2-aminoethyl)amine (TREN) are
added in an amount of 2-5% v:v. The mixture j s incubated mixing for 4 hours then the solids
removed by any éxpedieﬁt method. The remaining solution containing the desired protein may be
optionally flowed through a depth filter bearing positive charges on its fluid contact surface.
[0052] In some embodiments, the degree of chromatin reduction of a particular conditioning
method is estimated by measuring the degreevof DNA reduction, and the degree of histone
reduction, and averaging the two values. In some such embodiments, DNA is measured by an
intercalating dye assay, while histones are typically measured by immunoassay. In some such
embodiments, because the amount of histone is a direct function of the structure of chromatin,
the total histope content can be measured by determining the content of | species of histone, and
adjusting the quantity in proportion to the relative proportions of othér histones in chromatin. For
_ example, total histone might be estimated by measuring histone H1, then multiplying times 9 to

account for the mass ratio of H1 to other histones in intact chromatin. Altemativeiy, total histone
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might be estimated by measuring H2a, H2b, H3, or H4, and multiplying the result from any one
of them by 4.5. Alterﬁatively, assays might be run for Hl and H2a, and H2b, and H3, and H4,
and the results added together. DNA assays may alternatively be aided by polymerase chain
reaction technology. However, experimental data indicate that using DNA to estimate total
oliromatin may cause total chromatin to be underestimated due tb enzyme-mediated hydrolysis of
‘the DNA following cell death during production. Histone and DNA assays may both require
speéial extraction procedures to obtain accui‘ate results. - ‘ )
[0053] In some embodiments, the IgG preparation may be contacted with one or miore antiviral
compounds during one or moré-stages of the method. In some such embodiments, the one or more
-autiviral compounds are selected from the group consisting of ethacridine, methylene blue,
benzalkonium chloride, chlothexidine, cetyltrimethyl ammonium bromide, tri(n-butyl)phosphate.
[0054] In some embodiments, nonionic hydrophilic particles employed during performance of
the method are nanoparticles or microparticles. In certain such\lembodiments, the nonionic
hydrophilic particles are porous. In some embodiments, the particle size is between about 50 nm
and about 500pm , or is between about 50 mﬁ and about 50 pm , or is between about 50 nm and
about 4 pm, or is between about 50 nm and about 3um , or is between about 50 nm and about 1
pm , or is between about 100 nm and about 1 pim , or is between about 200 nm and about 2 um ,
or is between about 200 nm and about 500 nm , or is between about 500 nm and about 1 um , or
is between about 5 'pm and about SQ pm. In some embodiments, the particles are magnetic.
[0055]  In some embodiments, there are provided methods of purifying a desired protein from
a preparation comprising (a) providing the preparation in a form having less than about 5% of
| chromatin residing in an original production medium (b) contacting the preparation with a
nonionic organic polymer and a salt, wherein a conceéntration of nonionic organic polymer is
~ sufficient to precipitate the desired protein or cause its accretion on a hydrophilic surface, or
rhaintain it in a precipitated state or accreted on the hydrophilic surface, the saﬁ concentration
being sufficient to produce greater than physiological conductivity, and (c) contacting the
preparation with at least one electropositive surface, optionally in the presence of a salt
concentration sufficient to produce greater than physiological conductivity, whereby the desired
protein does not substantially adsorb to the at least one electropositive surface while not
preventing adsorption of acidic contaminants to the at least one electropositive surface.

[0056] . In some embodiments, methods further comprise (d) contacting the preparation with
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at least one nonionic hydrophilic surface. _

[0057} In some 'embodiments, the salt concentration during step (a) and (b) are the same.

. [0058] In some erribodiments, methods further comprise retaining the precipitated desired
protein ona poréus membrane while soluble contaminants are eliminated by passage
therethrough.

[0059]  In some embodiments, methods further comprise retaining the precipitated desired
protein on a microporous membrane that is substantially inert while soluble contaminants are
eliminatea by passagé thére through, independently from the salt concentration,

[0060] In some embodiments, methods further comprise retaining the precipitated desired
protein on a microporous membrane that is electropositive while soluble contaminants pass there
through when the conductiﬁity is greater than physiological conductivity.

[0061] In some embodiments, the method is conducted in a single integrated apparatus.
[0062] In some embodiments, the nonionic organic polymer is polyethylene glycol (PEG).
{0063] ~ In some embodiments, the average polymer size of the nonionic organic polymer is in
the range of one from the group consisting of (a) from about 1,500 Daltons to about 15,000
Daltons, (b) from about 2,000 Daltons to about 12,000 Daltons (c) from about 3,000 Daltons to
about 10,000 Daltons, (d) from about 4,000 Daltons ‘to about 8,000 Daltons, and {e) from about
5,000 Daltons to about 6,000 Daltons. | '

[6064] In some embodiments, the conductivity is at least 1 mS/cm greater than phj/siologicai
conéucti\}ity. In some embodiments, conductivity is greater than physiological conductivity by
greater than 1 mS/cm, greater than 5 mS/cm, greater than 10 mS/cm, greater than 20 mS/em,
greater than 40 mS/cm, greater than 80 mS/cm, gréater than 160 inS/cm, up to a conductivity
corresponding to a saturated solution of a selected solution of salt or salts, or an intermediate

. increment.

10065] In some einbodiments, the salt is selected from the group consisting of sodium
chloride, potassium chloride, sodium acetate, potassium‘acetate, sodium thiocyanate, potassium
thiocyanate, gnanidinium hydrochloride, and combinations thereof. _
[8066] In some embodiments, the salt is sqdiu;h chioride at a concentration selected from the
group consisting of (a) from about 0.5Mto about 1.5 M, (b) from about 2.0 M to about 3.0 M,
and intermediate ranges thereof. '

[0067]  In some embodiments, the at least one electropositive surface is membrane with pores
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ofan average_size selected from the group consisting ‘of (a) about 100 nm, (b) about 220 nm, (¢)
about 450 nm, (d) about 1 micron, (e} about 2 microns, and intermediate values thereof. »
{0068} In some embodiments, the at least one electropdsitive solid is a plurality of particles.
[0069]  In some embodiments, the at least one electropositive solid is.pa,rt of all .
.¢hromatography dé\}iqe_seleéted from the group con'ip'n:sing.,‘ a 1ri6nolith~bésed chromatographgy
device, a membfarxe-bascd chromatograph‘y device, a particle-based chromatography device, a
macroreticulate skeleton supporting a hydrogel-based device, and combinations thereof.
[0076] In some embodiments, the salt concentration is selected from the group ooinprising a
zero amount, | mM, 2 mM, 5§ mM, 10 mM, 25 mM, 50 mM, 100 mM, and intermediate
concentrations thereof.
[0071] In some emBodiments, a pH. during step (a) is in a range selected from the group
consisting of (a) from about 8 to about 9, (b} from about § to about 8.5, (c) from about 7.5 to
about 8.5, (d) from about 7.25 to about 8.25, () from about 7.0 to about 8.0, (f) from about 6 to
about 7, and intermediate pH ranges thereof.
{6072} In some embodiments, a pH during step (b) is in a range selected from the group
- consisting of (a) from about 5 to about 9, (b) from about 6 to about 8, (¢} from about 6.5 to about
7.5, (d) from about 7.5 to about 8.5, and intermediate pH ranges thereof.
[6073] In some embodiments, the at least one hydrophilic surface comprises one selected
from the group consisting of a membrane, a monolith, and a plurality of particles, wherein the
plurality particles are optionally maguetic.
[0074] In some embodiments, the at least bne electropositive surface comprises one from the
group consisting of a membrane, a monolith, and a plurality of particles, wherein the plurality of A
particles are optionally magnetic, ‘
{0075] | In some embodiments, the preparation is one selected from the group consisting of a
cell culture medium, an extract from cultured organisms, and a bodily fluid.
{0076] Terms are defined so that embodiments may be understood more readily. Additional
definitions are set forth throughout the detailgd description.
{0077} “Chromatin’ refers the basic composition of chromosomes. In its intact form in living
cells it dominantly comprises DNA and histone proteins, associated with smaller amounts of
other proteins and peptides. It is organized into nucleosomes, which comprise an octamer of

histone proteins including 2 each of histones 2a, 2b, 3, and 4, wrapped with 1.65 turns of DNA.
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‘Nucleosomes are linked in linear areas by sections of linker DNA, which are associated with -
histone H1. Chromatin begins to break down coincident with cell death. In cell culture process
such as used to produce recombinant proteins, chromatin and its break-down products are

R ‘.fax‘pe‘l}ed into the cell culture.m edijciw}gére they may form associations with the constituents of .
the cell cuiiﬁr'_c; media, i:ioiddin.gfhe dés’i:ed:=rfeééri1binaﬁt pfoduct. The term “.éhro’ma‘tih’ .
catabolites” may be used to refer to chromatin break-dov\"n product. These breakdown produc{s
include arrays containing 2- 30 or more nudeosomes, individual nucleosomes, nucleosome
fragments, DNA, and histone proteins (Gan et al supra, Gagnon et al (2013) supra). “Histone
proteins” are understood to represent chrorhatin catabolites. “DNA” regardless of its size, is
understood to represent a species of chromatin catabolites. Individual “nucleosomes” and
nucleosome arrays are understood to represent chromatin catabolites.

[0078} “Steric exclusion chromatography” refers to a purification method in which retention
of an antibody molecule (e.g., an IgG or other antibody product) is mediated by simultaneous
mutual steric exclusion of a nonionic organic p()lymeij such as PEG from the hydrophilic suffaces
of an antibody and a nonionic particle. It is believed that no dire¢t chemical interaction occurs
between the protein surface and the particles surface. This distinctively endows the method with
the ability fo maintain binding over a wider range of conditions than is possible with traditional
chromatog;,‘aphy methods such as ion exchange or hydrophobic interaction chromatography.

- [0079] “Hydrated surface” ot “highly hydrated surface” or “hydrophilic surface” refers to

surface that interacts strongly with water, potentially through hydrogen bonding, electrostriction,

or some combination of the two mechanisms. Such interactions may be mediated by chemical
groups such as hydroxyls, negative charges, or positive charges, or uncharged polar groups. The

presence of hydratable chemical groups may be a basic feature of the native composition of a

given material, such as a particle or convective chromatogréphy material, or it may be added or

enhanced by chemical modification to immobilize such groups on the surface, including bﬁt not

- limited to carbohydrates and ureides. So-called hydrophobic surfaces are generally considered

not to be highly hydrated, but surfaces that include strongly hydratable groups in combination

with hydrophobic residues may nevertheless be sufficiently hydrated to practice the
embodiments disclosed herein.

[0080] “Aggregate(s)” refers 0 an association of two or more molecules that is stable at

physiological conditions and may remain stable over a wide range of pH and conductivity
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conditions. Aggregates frequently comprise at least one biomolecule such as a protein, nucleic
acid, or lipid and another molecule or metal ion. The association may occur through any type or
any combination of chemical interactions. Aggregates of antibodies can be classified into two
categories: “Homo-aggregates” refers to a stable association of two of more aﬁtibady molecules;
";i—leterOJaggre géies " refers to a stable association of one orlm(}reﬂa'ntibody molecules with oneor '
more non-antibody molecules. The ﬁoh—éntibody component may consist of one more entities
from the group consisting 'of a,nucléotide, an endotoxin, a metal ion, a protein, a lipid, ora cell
culture media component.

{0081} “Amibody" refers to an immunoglobulin of the class I gG; 1M, IgA, IgD, or IgE derived
from human or other mammalian cell lines, including natural or genetically modified forms such
as humanized, human, single-chain, chimeric, synthetic‘, recombinant, hybrid, mutated, gfaﬁed,
and in vitro generated antibodies. “Antibody” may also include composite forms including but

~ not limited to fusion proteins containing an imniunogiobulin moiety, or immunoconjugates -
created by synthetic linkage of an 1gG to ahother functional moiety, including another antibody,
an enzyme, a fluorophore or other signal generating moiety, biotin, a drug, or other functional |
moiety. | | .

{0082] “Antibedy Product” refers to a proteinaceous entity at least part of which comprises an
antibody or a portion of an antibody. The simplest example is an antibody. Compound examples
include Fe-fusion prot.eins, which contain a non-antibody functional moiety covalently bound by
recombinant means to the Fc portion of an antibody. Another compound exainple is an antibody
conjugate, or immunoconjugate, which consists of an antibody linked to another moiety, most
often by synthetic means, to increase the functionality of the antibody, for example making it
fluorescent so that it can be used in immunoassays, or binding it to an enzyme for the same
purpose, or two a cytotoxin for killing cancer cells, or to other moieties for other purposes.
Other antibody products are bivalent compounds (such as fusions between two antibody
fragments) baving two domains with binding specificities for two separate targets.

[0083] “Endotoxin” refers to a toxic heat-stable lipopolysaccharide subéiﬁnce present in the
outer membrane of gram-negative bacteria that is released from the cell upon lysis. Endotoxins
can be generally acidic due to their high content of phosphate and carboxyl residues, and can be
highly hydrophobic due to the fzitty acid content of the lipid-A fegion, Endotoxins can offer

extensive opportunity for hydrogen bonding.
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[0084] “Nou-ionic organic polymer” refers to a naturally oceurring or synthetic hydrocarbon
composed of linked repeating organic subunits that lack charged g1'0ups. It may be linear,
dominantly linear with some branching, or dominantly branched. Examples suitable to practice
the emquinﬁents disclosed herein inclﬁde but are not limited to poiyethyi'ene glycol (PEG),
polypropylene glycol, and polyvinylpyrrolidone (PVP). PEG has a structural formula HO~(CH;~
CH?-O)},»H. Examples include, but are not limited t’o compositions with an average polymer -
molecular weight ranging from less than 100 to more than 10,000 daltons. The average
molecular weight of commercial PEG preparations is typilcally indicated By a hyphenated suffix.
For example, PEG-6000 refers to a preparation with an average molecular weight of about 6,000
.daltons. The effective concentration of such agents varies with the identity of the polymer and
the characteristics of the antibody product being ﬁ»rocessed by the embodiments disclosed herein.
[0085] “Anion exchange chromatography” refers to a process employ.ing positive charges
covalently bound to a solid surface for the surface of mediating fractionation among sample
components of different charge ch aracter such that acidic (electronegative) contaminants tend to
bind to the positive. cliarges, alkaline (electropositive) contaminants tend to be repelled from the
positive charges, and uncharged or electroneutral contaminants tend not to bind the positive
charges. Selectivity of such systens is typically controlled by pH and conductivity, where
binding typically becomes stronger with increasing pH and/or decreasing salt concentration.
[0086] “Anion exchange membrane” or “electropositive membrane” refers to a porous
membrane, the surfaccl of which is dominated by positive charge. The membrane pores may
range from § nm or less to | micron or more. Membranes with pores smaller than 200 nm are
frequently referred to as ultrafiltration merhbranes while membranes with pores larger than 200
nm are frequently referred to as microfiltration membranes. Electropositivity may be conferred
by chemical groups including but not limited to weak anion exchange groups like amino,
ethylene diamino, diethylaminoethyl, polyallylamine, polyethyleneimine; strong anion exchange
groups, such as quaternary amino groupsg combined weak-strong exchangers, such as po}ylysine, :
polyarginine, or Tris(2-aminoethyl)amine, diethylenetriamine, %;riethylene‘sétramine,
tetraethylenepentamine, polypropylenimine tetraamine, PAMAM dendrimer (ethylenediamine
core), Or any combinations of the foregoing. Secoﬁdary fonctionalities that create a mixed |
chemical character on a positively charged membratie may consist of negatively or positively

charged groups, hydrophobic groups, pi-pi bonding groups, hydrogen-bonding groups, or metal-

.20



WO 2014/133458 PCT/SG2014/600084

_ chelation groups. The secondary functionalities may exist on the membrane surfaces as an
inadvertent byprqduct of the manufacturin g materials or process by which the particles are
synthesized, or they may be present by deliberate design. The concentration of secondary
functionalities may range from less than Imilliequivalent per mL of particles, to more than 100
milliequivalents per mL. | A | '

[0087] “Anion exchange particle” or “electropositive particle” refers to-a porous or

' nénporous particle, the surface of which is dominated by positive charge. Particle size méy range
from less than 50 nm to more than 200 microns. The particles may comprise a polymeric, -

" crystalline, or ceramic structure that ﬁla.y also incorporate features that allow them to be
sequestered by means that do not involve or interfere with their ability to perform the claimed
embodiments disclosed herein, but may provide some overall enhancement. Examples include
but are not limited to features that confer low density that enables flotation, high density that
ephances rapid sedimentation, and/or magnetism that enables their collection in a magnetic field.
Electropositivity may be conferred by chemical groups including but not limited to weak anion
exchange groups like amino, ethylene diamino, diethylaminoethyl, polyallylamine,

- polyethyleneimine; strong anion exchange groups, such as.quaternary amino groups; combined

weak-strong exchangers, such as polylysine, polyarginine, or Tris(2-aminoethylyamine,

diethylenetriamine, triethylenetetramine, tetraethylenepentamine, polypropylenimine tetraamine,

PAMAM dendrimer (ethflenediamine core), or any combinations of the foregoing. Secondary

functionalities that create a mixed chemical character on a positively charged membrane may

consist of negatiife}y or positively charged groups, hydrophobic groups, pi-pi bonding groups,
hydrogen-bonding groups, or metal-chelation groups. The secondary functionalities may exist on
~ the membrane surfaces as an inadvertent byproduct of the manufacturing materials or process by
which the particles are synthesized, or they may be present by deliberate design. The
concentration of séoondary functionalities may range from less than Imilliequivalent per mL of

particles, to more than 100 milliequivalents per mlL.

[0088] “Organic multivalent ion” refers to an organic molecule, ion or salt of natural or

synthetic origin that embodies at least one charge and at least one additional chemical

functionality, thus rendering it multivalent. In some embodiments, an orgahic multivalent ion the
at least one additional chemical functionality is an additional charge such that the organic

multivalent ion bears two or more like or differing charges. The organic multivalent ion may bear
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anet positive, net negative, or net newtral charge. Where the of'ganiq multivalent ion is net
positive it may be provided together with anions such as chlorides, bromides, sulfates, organic
acids, lactates, gluconates, and any other anion not incompatible with the method. In some
embodiments certain of the positive charges of the organic multivalent ion.are supplied by amine,
imine ot other nitrogen moieties. The organic multivalent ion may additionally be of rxﬁxed
‘chemieal character and inélude hydrophobic residues, other functional moieties and/or it may
possess the ability to participate in other types of chemical interactions inctuding, for example, the
ability to participate in hydrogen bonds, hydrophobic interactions, pi-pi bonding, metal
coordination, and intercalation. Examples of positiv‘eijz charged organic multivalent ions in some
embodiments include but are not limited to the diamino acids, di-, tri, or larger homo- or hetero-
peptides, such as polylysine, polyarginine, polyhistidine, polyornithine; polyethyleneimine;
polyallylamine; polydimethrine, polymethylacrylamidopropyltrimethylammonia;
polydiallyldimethylammonia; polyvinyibenzyltrimeth‘ylammonia; polyvinylguanidine; poly(N-
ethyl-4-vinylpyridine; DEAE- dextran; DEAE-cellulose; ethacridine (CA~S number 442-16-0; 7~
ethox yacridihe-?y,9~diamine); tris(2-aminoethyljamine; guanidine; chlorhexidine; alexidine;
citricidal, protamitie; spermine; spermidine; salmine; chitosan; and variants and derivatives of the
foregoing. For example, variants and derivatives of ethacridine are understood to include 9~
aminoacridine (aminacrine), 3,6 acridinediamine (proflavin), acrisorcin, acrizane (phenacridanej,
acridine orange, quinacrine, acricide, acridone, acridine-9-carboxylic acid, acrani] (1-[(6-chloro-2-
methoxy-9- acridinyl)amino]-3-(diethylamino)-2-propanol dihydrochloride), phenosafranin,
phenoxazine, phenothiazine, acriflavine (3,6-diamino-10-methylacridinium, chloride and 3,6~
acridineidiamine), and salts thereof (e.g. éhiorides, bromides, sulfates, lactates, gluconaies.)
Another class of effective electropositive multivalent organic ions includes thiazines, such as
methylene blue, its derivatives, analogues, and salts thereof. Where the organic multivalept ion is
net electronegative it may be provided together with cations such as sodium or potassium, or any
-other cation not incompatible with the method. In some embodiments certain of the negative
charges of the organic multivalent ion are supplied by carboxyl, phospho, or sulfo moieties. The
organic multivalent ion may additionall y be of mixed chemical character and include hydrophobic
residues, other functional moieties and/or it may possess the ability to participate in other types of
chemical interactions including, for example, the ability to participate in hydrogen bonds,

hydrophobic interactions, pi-pi bonding, metal coordination, and intercalation. Examples of
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negatively charged organié mulitivalent jons in sbme embodiments include but are not limited to
the fatty acids such as heptanoic acid, octanoic acid, ocfenoic acid, nonanoic acid, nonenoic acid,
decanoic acid, methyl blue, anionic polymers, and salts thereof (e.g. chio;ides, bfomides, sulfates,
lactates, gluconates.) |

[06089] “Polynuclestide” refers to a biopolymer composed of multiple nucleotide monomers
covalently bonded in a chain. DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are
examples of polynucleotides. Polynucleotides can have a high propensity for formation of
hiydrogen bonds. .

[0090] “Protein” refers to any of a group of complex organic macromolecules that contain
carbon, hydrogen, oxygen, nitrogen, and usually sulfur and are composed principally of one or
more chains of amino .ac‘ids linked by peptide bounds. The protein may be of natural or
recombinant origin. Proteins may be modified with noﬁ-amino acid moieties such as through
glycosylation, pegylation, or conjugation with other chemical moieties. Examples of proteins
include but are not limited to antibodies, clotting factors, enzymes, and peptide hormones.
[0091] “Protein preparation” refers to any aqueous or mostly aqueous solution containing a
protein of interest, such as a cell-containing cell culture harvest, a (substantially) cell-free cell
culture supernatant, or a solution containing the protein of interest from a stage of purification.
[0092] “Dmpure preparation” refers to any aqueous or mostly équcous solution containing a
protein of interest, such as a cell-containing cell culture harvest, a (substantially) cell-free cell
culture supernatant, or a cell extract, or a bodily fluid, or a solution containing the protein of interest
from a stage of purification.

[0093] “Surfactant” includes “surface active agents” such as a class of organic molecules that
generally embody a hydrophobic portion and a hydrophilic portion, causing them to be referred
to as amphiphilic. At sufficient concentrations in aqueous solutions, surfactants can self-
associate into clusters with the hydrophobic portions concentrated at the center to minimize
contact with water, and the hydrophilic portions radiating outwards to maximize contract with
water. In the presence of biological preparations, especially those containing materials that have
a hydrophobic character or possess areas of hydrophobic chafacter, the hydfophobic portion of
surfactants tend to associate spontaneously with some portions of the hydrophobic material and
increase their solubility through the influence of the hydrophilic portion of the surfabtant. They

may also be used to modulate hydrophobic interactions that occur between differing hydrophobic
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materials both dissolved in an aqueous solvent. Examples of surfactants suitable for practicing
some embodiments of the embodiments disclosed herein include but are not limited to nenionic
- surfactants such as polysorbate surfactants (f?. 2., Tween 20, Polyoxyethylene (20) sorbitan
monolaurate, and Tween 80, Polyoxyethylene (20) sorbitan monooleate) and Triton (e.g.,
polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether), and zwitlerionic surfactants such
as CHAPS (3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate), CHAPSO (3-[(3-
cholamidopropyl) dimethylammonio}-2-hydroxy-1-propanesulfonate), and octyl glucoside (e. g .
(2R,35,45,5R,6R)-2- (hydloxymethyl) 6—octoxyoxane-3 4,5-trio0l).
[0094] “Synthetic particles” may range in size from less than 100 nm to more than 100
microns. They may be porous or non-pdrous. They may polymeric, composed for example of
polymethacrylates, polyacrylates, agarose, cellulose, dextran, or other polymers, or they may be
inorganic, such as silica. They may be of uniform structure throughout, or they may be
compound, consisting of an inner core of one material such as a metal élloy or hydrophobic
polymer, and coated with an applied surface that is highly hydrated or permits the attachment of
chemical groups to produce a highly hydrated surface. “Synthetic paﬂiclés” may include
particles designe& for chromatographic applications, or particles intended for applications .
entirely distinct from the field of chromatography.
[0095] “Ureide” refers to a cyclic or acyclic organic molecule of natural or synthetic origin that
comprises one or more urea moieties or derivatives thereof. In some embodiments, there are
provided ureides such as urea, uric acid, hydantoin, allantoin (CAS number 97-59-6; alcloxa,
aldioxa, hemocane, ui‘eidohydantoiﬂ, 5-ureidohydantoin, glyoxylureide, glyoxylic acid diureide,
2,5-dioxo-4-imidazolidinyl urea), purines, and derivatives thereof. In some embodiments, there
are provided organic molecules of the formula R-CO-NH-CO-NH, or R-CO-NH-CO-NH-CO-R!
or R' R"NH-CO-NR"R™ where the relevant “R-groups” may be H or any organic moiety.
[0096] “Virus” or “virion” refers to an ultramicroscopic (roughly 20 to 300 nm in diameter),
metabolically inert, infectious agent that replicates only within the cells of lving hosts, mainly
| ‘ bacteria, plants, and animals: composed of an RNA or DNA core, a protein coat, and, in more
complex types, a surrounding envelope.
[0097] In some embodiments, steric exclusion chromatography (SXC) is conducted on fluidized
hydrophilic nonionic particles. In soine embodiments, the SXC particles are microparticles that

may range from less than 10 microns to more than 200 microns. In some embodiments the SXC
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particles are nanopatticles that méy range in size from less than 10 nm to 1000 nm. In some
embodiments, the SXC particles may be non-porous. In some embodiments, the SXC particles
maybe mi cropbrous. In some embodiments, the SXC particles may be xﬁacroporous. In some
embodiments, the SXC particles may be constituted in such a way as to enable their capture on a
magnetic surface or in a magnetic field.

[0698] In some embodiments, SXC is conducted on fluidized hydrophilic nonionic particles. In
some embodiments, SXC is conducted on fluidized hydfophilic electropositive particles. In some |
embodiments, SXC is conducted on fluidized hydrophilic electronegative particles. In some

- embodiments, the SXC particles are microparticles that may range from less than 10 microns to
more than 200 microns. In some embodiments the SXC particles are nanopal’ncles that may range
in sxze from less than 10 nm to 1000 nm. In somc embodiments, the SXC particles may be non-
porous. In some embodzments, the SXC pamcles may be microporous. In some embodiments, the
SXC particles may be macroporous. In some embodiments, the SXC pérticles may be constituted
in such a way as to enable their capture on a magﬁetic surface or in a magnetic field.

{6099] In some embodiments, the at least one electropositive surface may consist of a plurality of
particl-es. In certain such embodiments, the particies are microparticles of an avérage size that may
range from less than 10 microns to more than 200 microns. In some embodimenté, the
microparticles may be-non-porous. In some embodiments, the microparticles may be microporous.
In some embodiments, the microparticles may be macroporous. In some embodiments, the
microparticles may be constituted in such a way aé to enable their capture on a magnetic surface
or in a magnetic field. In some embodiments, the particles are nanoparticles of an average size
that may range from less than 10 nm to more than 200 nm. In some embodiments, the
nandparticles may be non-porous. In some embodiments, the nanoparticles may be microporous.
In some embodiments, the nanoparticles may be macroporous. In some embodiments, the
nanoparticles may be constituted in such a way as to enable their capture on a magnetic surface or
ina magnetic field.

{00100] In some embodiments, the at least one electropositive surface consist of one or

.more porous membranes. In some embodiments, the pores may have an average diameter ranging

' from 0. 1 micron to 5 microns. In some embodlments, the pores may have an average dlameter
ranging from 100 nmto 5 nm.

[00161) In some embodiments, electropositivity of the at least one electropositive surface
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may be conferred by chemical groups including but not limited to weak anion exchange groups

like amino, ethylene dia{mino, diethylaminoethyl, polyallylamine, polyethyleneimine; 'strong

anion exchange groups, such as quaternary amino groups; combined weak-strong exchangers,

- such as polylysine, polyarginine, or Tris(2-aminoethyl)amine, diethylenetriamine,
methylenetetramme tetraethylenepentamme polypropylenimine tetraamine, PAMAM dendrzmer
{ethylenediamine core), or any combinations of the foregoing.

[00162] In some embodiments, electropositivity of an at least one electropositive surface may be
accompanied by one.or more secondary functionalities that create a mixed chemical character. In\
some embodiments, the surface may bear negative charges, so long as electropositivity remains
the dominant surface chemistry. In some embodiments, the surface £nay include hydrophobic
groups, pi-pi bonding groups, hydrogen-bonding groups, or metal-chelation groups. The
secondary functionalities may exist on the membrane surfaces as an iﬁadverten{ byproduct of the -
manufacturing materials or process by which the particles are synthesized, or they‘may be present
by deliberate design. .

[00103] In some embodiments, one or more salts other than NaCl may be used in a washing
step. Such salts may include so-calied chaotropic salts, sometimes referred to as structure-.
breaking salts, as exemplified by sodium or potassium isothiocyanate, or so-called kosmotropic
salts, sometimes referred to as structure-forming salts, as exemplified by ammonium sulfate,
sodium citrate, or potassium phosphate. In some embodiments, washing agents other than salts
may be used in combination with or instead of salt, such as nonionic cjha,otrop.es' like urea, or
nonionic or zwitterionic éurfact&mts such as CHAPS, CHAPSO, octaglucoside, Tween, or Triton;
or nonionic organic s;élvents such as ethylene glycol or propylene glycol; or sugars such as
sucrose. ot sorbitol, or chelating agents. Due to their jonic nature and their potential to interfere
with anion exchange processes, electropositive chelating agents such as TREN may be preferred
over electronegative chelating agents such as EDTA. Other washing agents may also be
considered, such as amino acids like arginine, with electro-positive-dominant species preferred for

.the same reason as with chelating agents.

[06104] In some embodiments, the method is perfbrmed as a single unit operation.
[00105] - Insome embodiments, the PEG used to 151‘6mote retention of the IgG on the steric
exclusion chromatography particles may be of an a{ferage size of 8 kDa, or 6, or 4, or 3, or 2, or

1 kDa. Insome embodiments, the substance used to promote retention of the IgG on the steric
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exclusion chromatography particles may be a polymer other than PEG, for example
polypropylene glycol, polyvinyl pyrrolidone, dextran, or another nonionic organic polymer.
{00106} In some embodiments, the desired antibody product is a fully intact antibody such
~ as an IgG with a molecular mass of about 150 kDa. _
[00107] . Insome embodiments, the sample consists of conditioned cell culture supernatant
(CCS). In some embodiments, the CCS is conditioned by centrifugation, or flocculation, or
filtration, or some combination of these techniques. In some embodiments, the CCS 18 conditioned
by more inclusive means, including the use of chemical additives that reduce particularly reduce
chromatin content and/or aggregate content of the preparation. In some embodiments, the CCS is
clarified by a method that removes 99% or more of chromatin, and coincidentally achieves
substantial removal of ﬁon~histone host protein, endotoxin, and virus, and reduction of aggregate
content to 1% or less, while supporting antibody recovery of 90-99%. ‘
[00108] In some embodiments, the claimed embodiments disclosed herein reduces
aggregate content, In some §mbod.iments, the claimed embodiments disclosed herein ré&uces the
content of aﬁtibody fragments. '
[00109] In some embodiments, the desired protein binds td the electropositive surface. In
one such embo'dimént, the disclosed process is applied for the purification of an IgM monoclonal
antibody. In one such embodiment, the IgM is initially contacted with a boncentrétioﬂ. of PEG
sufficient to precipitate the IgM or cause its.accretion on a hydrophiiic surface, optionally in the
presence of an elevated concentration éf NaCl, such as 0.5 to 1.5 M. NaCl is removed in a
subsequent wash. step; while sufficient PEG remains to keep the 1gM precipitated or associated
with hydrophilic pa,rticlés. The PEG concentration is reduced sufficiently to resolubilize the IgM.
Particles, if present, are removed, and the IgM is contacted to an electroposiﬁve surface to which
it binds. Weaker Bindin g contaminants generally fail to bind and are thus eliminated. The IgM is
eluted from the electropositive surface, while more strongly bound acidic cohtaminants remain
bound and are thus eliminated. It will be evident that many non-1gG proteins will behave in a
similar manner, and that many variations of the method ﬁxay be applied successfully without
departing from the basic pn’nciples of the'disclo_sed methods. | -
[00116]  In one or more of the previous embodiments, the impure IgG prepératiou is
processed by éontacting an electronegative surface before it is 'contacted with an electropositive

surface. In one such embodiment, the antibody binds to the electronegative surface while PEG
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does not, and the latter is thereby eliminated. It will be recognized that this potentially enables
the.step in which the IgG is contacted with the electropositive surface to conducted in so-called
flow-through mode, where the antibody does not bind, while acidic contaminants do bind, for the
most part. In some such embodiments. The electronegative surface consists of a membrane, a
-monolith, or a plurality of particles. In some such embodiments, the electronegative functionality
is accompanied by other functionalities that impart the ability of the surface to participate in
hydrogen bonding, hydrophoblc interactions, and/or coordination bonds.
[00111] It will be recognized by the person expenenced in the art that many vanailons of
the above processes can be employed w1th0ut depar’;mg from its essential elements. For example,
embodiments may involve uncoupling the process steps so that it is conducted in two, or three, or
more unit operations. . |
[00112] In some embodiments, the claimed emquimenté disclosed héréin:may be
preceded by, or followed by, or both preceded and followed by, other purification methods. In
some such embodiments, the disclosed methods may be particularly followed by a fractionation
method whereby the desired IgG is retained on a surface, so that residual PEG may be washed
away and the antibody subsequently eluted from the surface on which it was retained, now free
of PEG. In some such embodiments, the surface on which the antibody is retained may be a
chromatography medium from the group consisting of a cation exchange chromatography
medium, an apatite medium, a mixed mode mediwm that combines positive charges and
hydrophobicity. In one such embodiment, a mixed mode chromatography medium that combines
positive charges and hydrophobicity is represented by the commercial chromatography product
marketéd under the name Capto adhere (GE Healthcare).
[00113] . In some embodiments, the preparation is reduced in chromatin to a level at least 99%
lower than in the orlginal-bic)lo gical fluid by a conditioning method comprising contacting the
harvest wath one or more multivalent organic ions. In some such embodiments, the multivalent
ot gamc ion is eiectroposzt:ve _
{00114] In some embod;ments the one or more multivalent organic ions comprises a schuble
-eleuhoposmve multivalent ion is one or more from the group of cations consisting of methylene
blue, ethacridine, chlorhexidine, benzalkonium chloride, cetyl trimethyl ammonium bromide.
{00115} In some embodiments the one or more multivalent organic ion is inéoluble by virtue of

being covalently attached to a surface.
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[60116]  In some embodiments, the one or more multivalent 6rganic ion is an insoluble
electropositive multivalent ion is one or more from the group consisting of a primary amino
group, a secondary amino group, a tertiary amino group, a quaternary amino group, a complex

" cation containing morethan one positiv.e charges conferred by one or more types of amino
grbups. ‘ | | .

[00117] In some embodiments, the insoluble electropositive muitival ent ion is tris(2-
aminoethyl)amine (TREN). _ |

{001 18] In some embodiments, the one or more multivalent orgémic ion is electronegative. -
{66119}  In some embodiments the one or more multivalent organic ion comprises a soluble
electronegative multivalent jon is one or more from the group of anions consisting of heptanoic
acid, octanoic acid, octenoic acid, nonanoic acid, nonenoic acid, decanoic aéid, methyl bloe.
[06120]  In some embodiments, the insoluble electronegative multivalent ion is one OF MOre
from the group consisting of a phospho group, a carboxyl group, a sulfo group, a complex anion
’oontainﬁlg more than one negative charge conferred by one or more types of negativcly.charged
groups. '

[60121] In some embodiments, the one or more multivalent organic ion is an insoluble
complex electronegative multivalent may be iminodiacetic acid or nitriloacetic acid.

[00122]  In some embodiments, an insoluble multivalent ion has a 1:1 affinity for a metal jon.
. [00123]  In some embodiments, allantoin may be optionally present at a supersaturaﬁng
concentration in a range from the group consisting of 0.6% to 50%, 0.7% to 20%, 0.8% to 10%,
0.9% to 5%, 1% 1o 2%, or an intermediate value. _

[00124]  In some embodiments, given that the IgG preparation at the end of the disclosed
method will contain a non—IgG-précipitating concentration of a nonionic organic poiymer, a
follow on purification method may be selected specifically to reduce or eliminate that polymer
from the preparation. In one such embodiment, the IgG may be bound to at least one |

~ clectroxiégative surface, to which the nonionic Qrganié polymer does not bind, and is thereby
eliminated. In on€ such embodiment, the at least on electronegative surface may be a so-called
cation. exchaﬁger, such as known and marketed for the purpése'of perférming chromatographic
fractionation of proteihs, including IgG prepara{tioﬁs. In one such embodiment, the cation
exchanger may be in the form of 2 membrane, a monolith, a column of packed f)axii,cles, or

another physical format. In another embodiment, an at least one electronegative surface may
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consist of a so-called multimodal chromatography material with a surface compoéition that
permits it to participate in hydrophobic and/or hydrogen binding interactions in addition to
electrostatic interactions through its electronegativity. In another embodiment, an electropositive
chromatography material with a surface composition that also allows it to participate in
hydrophoﬁiQ interactions and hydrogeri bdndilvlgiméy be employed. In one such embodiment, a
PEG-containing 1gG preparation was applied to a column packed with Capto adhere at 1 M NaCl,
pH 7.0. The antibody bound, the PEG did not and was thereby eliminated. The antibody was
eluted by reducing the NaCl concentration to 0.3M, whereupon the 1gG eluted,
[00125] | In some embodiments, SXC particles are added to cell culture supernatant
containing a monoclonal IgG antibody. Folyethyiené glycol (PEG) is added to the level required
for the IgG to be retained by the particles. The liquid containing contaminants that are not bound
to the particles is removed, for example by filtration through a membrane, and replaced with clean
PEG buffer, hereinafter referred to as a wash buffer. Electropositive particles may be added in
_conjunction with or after addition of the wash buffer, Except for the presence of PEG, the buffer
formulation is suitable for binding of residual coutaminants to the electropositive particles while
antibody remains unbound. The liquid is again removed, for example by filtration through a
membrane. The SXC and electropositive particles are suspended in a buffer lacking or deficient in
PEG but otherwise similar to the wash buffer, with the result that the IgG dissociates from the
particles in a soluble form, and contaminants are bound by the electropositive particles. After a
sufficient period of time for the contaminants to bind to the electropositive particles, the IgG is
collected for example by filtration through a membrane that retains the SXC partié}es and
electropositive particles, which 1héy be discarded or recycled. In a closely réiated embodiment,
particles for SXC may be omitted from the entire process.
[00126] In some embodiments, SXC particles are added to cell culture supernatant
containing a monoclonal IgG antibody. PEG is added to the level required for the IgG to be
retained by the particles in the presence of 0.8 M NaCl, which is also present in solution, The
liquid containing contaminants that are not bound to the contaminants is removed, for example by
filtration through a membrane, and replaced with clean PEG-NaCl buffer, hereinafter rgfcrred to
as a high-salt wash buffer. Electropositive particles may be added in conjunction with or after
addition of the high-salt wash buffer. The high-salt wash buffer is removed, for example by

filtration through a membrane, and is replaced with clean PEG buffer lacking or deficient in
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NaCl, hereinafter referred to as a wash buffer, which except for the presence of PEG is suitable
for acidic contaminants fo bind to an electropositive surface while the antibody does not bind. The
wash buffer is removed. The SXC and electropositive particles are suspended in a buffer lacking
or deficient in PEG but otherwise similar to the wash buffer, with the result that the IgG
dissociates from the particles in a soluble form, and contaminants are bound by the elcctropositivé
particles. After a sufficient period of time for the contaminants to bind to the électropositive
particles, the 1gG is collected for example by filtration through a membrane that retains the SXC
partiéies and electropositive particles, which may be discarded or recycled. In a closely related
embodiment, particles for SXC may be omitted from the entire process.

[00127] In some embodiments, SXC particles are added to cell culture supernatant
containing a monoclonal IgG antibody. PEG is added to the level requifed for the IgG to be
retained by the particles in the presence of 0.8 M NaCl, which is also present in solution. The
liqtﬁd containing éontamiﬁants that are not bound to the contaminants is removed, for example by
filiration through a membrane, and replaced with clean PEG -NaCl buffer, hereinafter referred to
as a high-salt wash bu‘ffer. The high-salt wash buffer is removed, for example by filtration .
through a membrane, and is replaced with clean PEG buffer lacking or deficient in NaCl,
hereinafter referred to as a wash buffer, which except for the presence of PEG is suitable for
acidic contaminants to bind to an electropositive surface while the antibody does not 1l')ind. The
wash buffer is removed. The SXC and electropositive particles aré suspended in a buffer lacking
or deficient in PEG but otherwise similar to the wash buffer, with the result that the IgG
dissociates from the particles in a soluble form. Electropo sitive particles are added and
contaminants are bound by the electropositive particles. After a sufficient period of time for the -
contaminants to bind to the electropositive particles, the 1gG is coilected' for example by filtration
through a membrane that retains the SXC particles and electropositive particles, which may be

| discarded or recycied.‘ In a closely related embodiment, pmﬂclés for SXC may be omitted from
the entire process. \

[00128] In some embodiments, SXC particles ére ad'de‘d i§ cell cuiture supernatant
containing a monoclonal IgG antibody. PEG is added to the level required for the IgG to be
retained by the particles in the presence of 0.8 M NaCl, which is also present in solution. The
Hignid containing contaminants ﬁ}é{ are not bound to the contaminants is removed, for example by

filtration through a membrane, and replaced with clean PEG -NaCl buffer, hereinafter referred to
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as a high-salt wasﬁ buffer. The high-salt wash buffer is removed, for example by filtration

‘ through an electropositive membrane, and is replaced with clean PEG buffer lacking or deficient
in NaCl, hereinafter referred to as a wash buffer, which except for the presence of PEG is suitable
for acidic contaminants to bind to an electropositive surface while the antibody does not bind.

The wash buffer is removed by filtration through the électropositive membrane. The SXC
particles are suspended in a buffer lacking or deficient in PEG but otherwise similar to the wash
buffer, with the result that the TgG dissociates from the particles in a soluble form, and
contaminants are bound by the electroposi"ci_ve membrane. After a sufficient period of time f;)r the
cofitaminants to bind to the electropositive membrane, the IgG fs collected for example by
filtration through the electropbsitive membrane that retains the SXC particles and acidic particles.
In a closely related embodiment, particles for SXC may be omitted from the entire process.
{00129 In some embodiments, $XC particles are added to cell culture supernatant
containing a monoclonal IgG antibody. PEG is added to the level required for the IgG to be
retained by the particles‘in the presence of 0.8 M NaCl, which is also present in solution. The |
liquid-coniaining contaminants that are not bound to the contaminants is removed, for example by
ﬁ_Itration‘tlxrou gha membrane, and replaced with clean PEG -NaCl buffer, hereinafter referred to
asahi gh~salt wash buffer. The higﬁ-salt wash buffer is removed, for example by fltration
through the same membrane, and is replaced with clean PEG buffer lacking or deficient in NaCl,
hereinafter referred to as a wash buffer, which except for the presence of PEG is suitable for
acidic contaminants to bind to an electropositive surface while the antibody does not bind. The
wash buffer is removed by filtration through an electroﬁmsitive membrane. The SXC particles are
suspended in a buffer lacking or deficient in PEG but otherwise similar to the wash buffer, with
the result that the IgG dissociates from the particles in a soluble form, and contaminants are
bound by the electrppositiVe membrane. After a sufficient period of time for the contaminants to
bind to the electropositive membrane, theligG 1s collected for example by filtration through the
electropositive membrane that retains the SXC particles and acidic contaminants. In a closely
related embodiment, particles for SXC may be omitted from the entire process.

[00130] In some embodiments, SXC partic]és are added to cell culture supernatant containing a
monoclonal IgG antibody. PEG is added to the level required for the IgG to be rctainéd by the
particles in the presence of 0.8 M NaCl, which is also present in solution. The liquid containing

contaminants that are not bound to the contaminants is removed, for exampie by filtration through
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_ amembrane, and replaced with clean PEG-NaCl buffer, hereinafter referred to as a high-salt wash -
buffer. The high-salt wash buffer is removed, for example by filtration through the same ‘
membrane, and is replaced with clean PEG buffer lacking or deficient in NaCl, hereinafter
referred to as a wash buffer, which except for the presence of PEG is suitable for acidic
g contaminﬁnts to bind to an electropositive surface while the antibody does not bind. The wash
buffer is removed by filtration through a membrane. The SXC particles are suspended in a buffer
lacking or deficient in PEG but otherwise similar to the wash buffef with the result that the IgG
dissociates from the particles in a soluble form. The IgG is collected for example by ﬁltranon
through an eiectx opositive membrane that retains the SXC particles and acidic contam;nants Ina
closely related embodiment, particles for SXC may be omitted from the entire process.
[00131] Insome embodiments, SXC particles are added to cell culture supernatant containing a
monoclonal IgG antibody. PEG is added to the level required fof the 1gG to be retained by the
| particles in the présence of 0.8 M NaCl, which is also present in solution, The liquid containing

contaminants that are not bound to the contaminants is removed, for example by filtration through -

- astandard microfiltration membrane, and replaced with clean PEG-NaCl buffer, hereinafter

referred to as a high-salt wash buffer. The high-salt wash buffer is removed, for example by
filtration through the same membrane, and is replaced with clean PEG buffer lacking or deficient
in NaCl, hereinafter referred to as a wash buffer, which except for the presence of PEG is suitable
for acidic contaminants to bind to an electropositive surface while the antibody does not bind.
The wash buffer is continuously circulated through an electropositive membrane with an average
pore size of about 7.5 to 20 nm, generally corresponding with globular proteins of a size between
100 and 300 kDa. A buffer lacking or deficient in PEG but otherwise similar to the wash buffer is
infused into the system, gradually displacing the PEG from the system, with the result that the
IgG dissociates from the particles in a soluble form, and contaminants are bound by the
electropositive membrane. After a sufficient period of time for the contaminants to bind to the
electropositive membrane, the retained 1gG is collected from the retentate line, while the
membrane retéins acidic contaminants, In a closely related embodiment, particles for SXC may
be omitted from the entire process.

- [00132]  In some embodiments, SXC particles are added to cell culture supernatant containing a
monoclonal 1gG antibody. PEG is added to the level required for the IgG to be retained bythe .

particles in the presence of 0.8 M NaCl, which is also present in solution. The liguid containing

33



WO 2014/133458 PCT/SG2014/000084

* contaminants that are not bound to the contaminants is removed, for example by filtration through
a standard miéroﬁltration membrane, and replaced with clean PEG-NaCl buffer, hereinafter
referred to as a high-salt wash buffer. The high-salt wash buffer containing the suspended SXC
particles is continuously circulated thr'oﬁgh an electropositive membrane with an average pore
size of about 7.5 to 20 nm, generally corresponding with globular proteins of a size between 100
and 300 kDa. A clean PEG buffer lacking or deficient in NaCl, hereinafter referred to as a wash
buffer, which except for the presence of PEG is suitable for acidic contaminants to bind to an
electropositive surface while the antibody does not bind, is infused into the system until the high-
salt is displaced. The wash buffer is continuously circulated through the electropositive
membrane. A buffer lacking or deficient in PEG but otherwise similar to the wash buffer is
infused mto the system,‘gradually displacing the PEG from the system, with the result that the
IgG dissociates from the particlesin a soiﬁbfe form, and contaminants are bound by the
electropositive membrane. After a sufficient period of time for the contamiﬁants to bind to the
electropositive membrane, the retained IgG is collected from the retentate line, while the
membrane retaing acidic contaminants. In a closély related embodiment, particles for SXC may
be omitted from the entire process.
[00133]  Additional objects and advantages of the embodiments disclosed herein will be set
forth in part in the description which follows, and in part will be obvious from ﬂle.descriptidn, or
may be learned by' practicing the embodiments disclosed herein. The objects and advantages of
the embodiments disclosed herein will be realized and attained by means of the elements and
combinations speéiﬁed in the claims.
[00134]  1tis to be understood that both the foregoing general descripﬁon and the following
detailed description are exemplaty and explanatory only and are not restrictive of the
embodiments disclosed herein as claimed.

_ EXAMPLES
[00135]  Example 1. Definition of conditions for IgG binding to steric exclusion
chromatography media. An experiment was conducted to determine the salt concentration that
supports the most effective reduction of host cell proteins from an anti-HER2 monocional
antibody produced by mammalian cell culture. The experiment was conducted using ponjonic
hydrophilic starch particles with an average diameter of about 30 microns. The particles were

mixed with different aliquots of cell culture supernatant (CCS). The host protein concentration of
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the CCS was about 243,011 parts per million (ppm). The sample was treated with allantoin,
- ethacridine, anion exchange particles and cation exchange. particles, which reducea the host
protein concentration 10 165,213 ppm. PEG-6000 was added to a final concentration of 18%.
NaCl was then added to diffefent aliguots to prodpce a series containing 0.0, 0.2, 0.4, 0.8,and 1.0
M. Host cell protein contaminant levels in the treated samglés were 15,558 ppm, 1,994 ppm, 662 |
ppm, 90 ppm, and 266 ppm. Purification at 0.8 M thus represents an improvement of 99.95%;
more than a 3 log reduction. _ _
{00136] Example 2. Determination of salt concentration for anion exchange treatment. The
antibody of example 1 was evaluated by VEAX. Samples were appiied to a VEAX column
equilibrated in separate experiments at different pH values fangin g from 3 to 9 but lacking salt.
Samples were also applied to a VEAX column at pH 8 but including different levels of salt from 0
M to 1 M. The most effective contaminant reduction was achieved at pH 8.0 in the absence of
~ salt. Subsequent experiments refined the target pH at 8.2, Performance was inferior at both pH

+ 8.15 and 8.25. Under these conditions, VEAX achieved up to 99.8% reduction of host proteins,
including host proteins, DNA, virus, and endotoiin. These conditions defined the conditions for
contaminant extraction by anion exchange in conjunction with SXC, for this antibody.

[00137]  Example 3. Determination of salt concentration for anion exchange treatment. The
antibody of experiments 1 and 2 was applied to anion exchange membranes in stacked flat
membrane and 110}16W fiber formats. Contaminant reduction was essentially the same as under the
same conditions for VEAX. These experimental results show that integraﬁon of SXC with anion
exchange membranes can achieve more than 6 logs of purification (99.9999%).

[00138] Example 4. Combination of SXC with electropositive particles. HER2 IgG from cell
culture supernatant was bound to starch particles in the presénce of 19% PEG-6000 at 1 M NaCl.
Electropositive particles in the form of Dowex AG1x8 200-400 mesh were also present in an -
amount of 4% w/v. The fluid was removed by filtration through a membrane with 0.22 micron
pores, then replaced with clean buffer containing 19% PEG-6000, 1 M NaCl, and 50 mM Tris, pH
8.0. The fluid was removed and replaced with clean buffer containing 19% PEG~6000, and 50
mM Tris, pH 8.0. This step was repeated, then the flnid removed by ﬁltratiﬁn. The fluid was
replaced with 50 mM Tris, pH 8.0. Host cell proteins were reducéd from 142?000 parts per million
(ﬁpm) in the original sample to about 120 ppm.

[00139] Example 5. Combination of SXC with electropositive paﬁiclés. The form of example
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4 was repeated except that the electropositive particles were not added until the starch particles
were washed with 19% PEG-6000, and 50 mM Tris, pH 8.0:The fluid was removed then replaced
with S0 mM Tris, pH 8.0 to dissociate the IgG from the SXC particles. Host cell proteins were

' reduced from 142,000 parts per million (ppm) in the original sarnpfe to about less than 1 ppm.
[00140]  Example 6. Combination of SXC with electropositive particles. The form of example
5 was repeated except using UNOsphere Q particles in place of Dowex particles. Results with
reduction of host cell protein were equivalent, but IgG recovery was higher.

[00141] Example 7. Combination of SXC witl electropositive particle#. The form of example
6 was repeated, with the duration of particle exposure after dissociation of the IgG from the SXC
parti_cieé varied in increments to determine how much time was required to achieve the best
results. Results were essentially the same at 30 and 60 minutes, but inferior at lower. expoéure
ti-meS- .

[00142] Example 8. An JgG-containing cell culture harvest confaining 275,357 ppm host cell
protéins, 5283 ppm DNA, and 13.96% 'aggregates was conditioned by addition of 1% allantoin,
then 0.025% ethacridine, then mixed for 15 minutes. An equal mixture of MacroPrep High Q,
MacroPrep High S, Macroprep tButyl, and Chelex-100 (Bio-Rad Laboratories), equilibrated in
advance by washing with 50 mM HEPES, 100 mM NaCl, pH 7.0. Equilibrated mixed particles
were added io the impure 1gG preparation in an amount of 2% (v:v), then mixed overnight at 4-8
~ degrees C. Solids were removed by microfiltration. 1.25m g of starch coated 200 nm magnetic -
particles were added to 20 mL of the conditioned impure 1gG preparatioﬁ. 20 mL of 36% PEG-
6000 in 1.6 M NaCl, 50 mM HEPES, pH 7.0 was added gradually while mixing on a vortex
mixer ét 500 rpm to produce a final concentration of 18% PEG-6000 and 0.8 M NaCl. Vortex
mixi.:ig was continued for 30 minutes, then the IgG-loaded particles were collected magnetically.
. The IgG-loaded particles were washed with fresh 50 mM HEPES, 0.8 M NaCl, pH 7.0, and the
wash solution was removed. The wash buffer was removed and the particles were washed again -
in the same manner. The wash buffer was removed, and the aﬁtibody was resolubilized inl 50 mM
HEPES, 1 M NaCl, pH 7. A 1 mL column packed with an electropositive-hydrophobic
chromatography medium (Capto adhere, GE Healthcarc) and equilibrated to the same conditions.
The solubilized 1gG was applied to the column, where the 1gG bound and some contaminants’
were understood to have ~b6und, while residual PEG bind. A 5 column volume wash with

equilibration buffer was then applied to more thoroughly eliminate unbound components from -
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the system. The IgG was eluted with a 10 column volume linear gradient ending at 50 mM
HEPES, 300 mM NaCl, pH 7.0. Purification §erf0rmanée is indicated by the folléwing Table,
where post-con indicatés post-conditions, post-NP indicates post nanoparticles, and post-CA
indicates post Capto adhere. The left-hand value under recovery indicates recovery for that step,
while the right-hand value indicates cumulative recovery for prcviéus steps Aplus that step. bld

indicates below limit of detection. For more details refer to Gagnon et al 2014 supfa‘:

Step HCP (ppm) DNA(ppm) Aggregates (%) Recovery %
Harvest 275357 = 5283 1396 100100
Postcon. 91275 9 488 " 9g/98
Post-NP . 441 bl 3.59 87/84
Post-C 2 bld <0.05 L 816w

{60143] Example 9. An Ig(}‘;ciontaining'celi culture harvest contaihing 176,244 ppm host
protein contaminants and 19% aggregates was conditioned by addition of 1% allantoin, 4%
electropositive metal affinity particles (TREN 40 high, Bio-Works), mixed for 4 hours at room
temperature. A sample removed for analysis showed reduction of host prdteins to 90,259 ppm,
and aggregates to 1.2%. The pH was reduced to 5.2,0.5% capiylic.aéid was added, and the
-mixture incubated for 2 hours. A sample removed for anaiysis showed host proteins at 1,758
ppm and aggregates at about 0.4%. Solids were removed through an electropositive depth filter '
{Sartorius PC1), Host proteins were reduced to 135 ppm and aggregates to less than 0.05%. The
antibody was purified by precipitation in 18% PEG-6000 at pH 7.0. The precipitate was then
washed with 1.8 M ammonium sulphate to remove PEG, then the antibody was resolubilized in’
- 50 mM Hepes, pH 7.0. Host protein was reduced to 32 ppm. After application to an anion
exchange chromatography column (UNOsphere Q, Bio-Rad) operated in void exclusion mode at
50 mM Tris, pH 8.0, host protein was reduced to less than 1 ppm. A parallel experiment differing
only in the PEG precipitation being conducted in the presence of 800 mM NaCl reduced host |
protein to less than 1 ppm. The anion exchaﬂge step reduced host protein 'land aggregates to an
'undetectable level. ‘ ' ‘
[00144] Example 10. An IgG-containing cell culture harvest containing 286,010 ppm host
protein contaminants and 23% aggregates was conditioned by addition of 1% allantoin and

0.025% ethacridine, and incubated stirring at room temperature for 1 hour. A 1:1:1 mixture of
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particles (Cheiex-lGO, MacroPrep fButyI, Macroprep High Q, Bio-Rad) were miﬁced, equilibrated
to physiological conditions, and settled mixed particles were added to the harvest in a combined
amount of 5%, then mixed for 2 hours at room temperature. Host protein was reduced to 43,058'
ppm and aggregates to 3.4%. In one series of experiments conducted at pH 8.0, the sample was
" fractionated by precipitation with PEG-6000, in separétte experiments v&here the concentration
was 600 mM, 800 mM, 900 mM, and 1000 mM (I M). The precipitates were then washed in
PEG, 50 mM Tris, pH 8.0, after which ﬂ]g antibody was resolubilized in 50 mM Tris, pH 8.0.
Host protein in that series was reduced to 51, 55, 45, and 41 ppm respectively. Anion exchange
particles in the form of Dowex AG1X2 (Bio-Rad) were added (o each sample in an amount 6f
5% v/v and mixed for 60 minntes. Host protein across the series was reduced to 16, 17, 15, and
13 ppm. Another series of experiments was ﬁn, identical in all details except the initial PEG
precipitation was performed at pH 7.0. Host protein after the PEG step was 44 ppm for the 600
‘mM NaCl track, 43 ppm for the 800 mM tr'ack, 29 ppmAfor the 900 mM track, and 31 ppm for
the 1000 mM track. After Dowex treatment,' bost protein was reduced to 20, 17, 12, and 16 ppm
respectively. A ' '
[00145] Example 11. An IgG -coxitaining cell culture harvest containing 286,010 ppm host
protein contaminants and 23% aggregates was conditioned by addition of 1% allantoin and
0.025% ‘ethacridiile, and incubated stirring at foom temperature for 1 hour. A 1:1:1:1 mixture of
- particles (Chelex-100, MacroPrep tButyl, MacroPrep High Q from Bio-Rad), and electropositive
metal affinity particles {TREN 40 high from Bio-Works) were mixed, equilibrated to '
physiological conditions, and settled mixed particles were added to the harvestin a combined
amount of 5%, then mixed for 2 hours at room temperature. Host pfotein was reduced to 38,061
ppm and aggregates to ‘1 A4%. In a series of experiments conducted at pH 8.0, the'sample was
fractionated by precipitation with PEG-6000, in separate experiments where the concentration of
~ NaCl was 600 mM, 800 mM, 900 mM, and 1000 mM (1 M). The precipitates were then washed
in PEG, 50 mM Tris, pH 8.0, after which the antibody was resolubilized in 50 mM Tris, pH 8.0.
Host protein was reduced to 79, 69, 56, and 57 ppm respectively. Anion exchange particles in the
form of Dowex AGIX2 (Bio-Rad) were added to each sample in an amount of 5% v/v and
mixed for 60 minutes. Host protein across the series was reduced to 18, 17, 16, and 13 ppm.
Another series of experiments was run, identical in all details except the initial PEG precipitation

was performed at pH 7.0. Host protein after the PRG step was 94 ppm for the 600 mM NaCl
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track, 62 ppm for the 800 mM track, 67 ppm for the 900 mM track, and 46 ppm for the 1000 mM
track. After DoWex treatment, host protein was reduced to 28, 9,23, and 17 ppm réépective[y.
[00146] Example 12. An 1gM containing cell culture harvest containing 321,483 ppm host
“protein and 26% aggregates was conditioned by addition of 1% allantoin, 0.025% ethacridine,
and NaCl to produce a conductivity of 25 mS/cwm. The mixture was incubated for 1 houi; solids
were removed by centrifugation, and the liguid was flowed through a column packed with equal
proportions of MacroPrep tButyl, Macroprep High Q, Macroprep High S, and Chelex 100, where
the volumetric ratio of column to harvest was 5%. Host protein was reduced to 73,663 ppm and
aggregates were reduced to 0.8%. The sample was fractionated in paralle] but separéte
experiments, both with 13% PEG-6000 at pH 7, one with 100 mM NaCl, the other with 800 mM
NaCl. The precipitates were then washed with 13% PEG, 50 mM Hepes, pH 7.0 to remove the
excess salt, then the IgM was résolubilized with 50 mM Hépes, pH 7.0. Host protein at 100 mM
NaCl was reduced to 7,411 ppm. Host protein at 800 mM NaCl was reduced to 417 Ppm.
Aggregate content ,incfeased to 1.1%. The samples were applied to an anion exchange monolith
(CIM QA, BIA Separations) at pH 7.0 and eluted with a sodium chloride gradient. Host proteins
in the sample corresponding to PEG precipitation at 100 mM NaCl were reduced to 1,424 ppm.
Host proteins in the sample cotresponding to PEG precipitation at 800 mM NaCl were reduced
to 63 ppm. Aggregates were less than 0.01% for both preparations.
[00147]  The present embodiments disclosed herein may be combined with other purification
methods to achieve higher levels of purification. Examples of such other purification methods
include, but are not limited to, other methods commonly used for purification of IgG, such as
protein A and other forms of affinity chromatography, anion exchange chromatography, cation
exchange chromatography, hydrophobic interaction chromatography, immobilized metal affinity
chromatography, and additional mixed mode chromatography methods; also methods of
précipitation; crystallization, and liquid-liquid extraction. It is within the purview of a person of
ordinary skill in the art to develop appropriate conditions for the various methods and integrate
them with the embodiments disclosed herein herein to achieve the necessary purification of a
particular antibody.
[00148] . All references cited herein are incorporated by reference in their entirety and fot all
purposes to the same ektent as if each individual publication or patent or patent application was

specifically and individuall y indicated to be 'incozporated by reference in its entirety for all
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purposes. To the extent publications and patents or patent applications incorporated by reference
contradict the disclosure contained in the specification, the specification is intended to supersede
and/or take precedence over any such contradictory materia}.
{00149]  All numbers expressing quéntiti es of ingredients, chromatography conditions, and so
forth used in the specification and claims are to be understood as being modified in all instances
by the term "about.”" Accordingly, unless indicated to the contrary, the numerical parameters set

_ forth in the specification and attached claims are approximations that may vary depending upon
the desired performance sought to be obtained by the presellt embodiments disclosed herein.
{00150] Many modifications and variations of this embodiments disclosed Herein één bemade
without departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only and are not meant to
be limiting in any way. It is intended that the specification and examples be considered as
exemplary only, with the triue scope and spirit of the embodiments disclosed herein being

indicated by the following claims.
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CLAIMS
What is claimed is:
L. A method of purifying a desired protein from a preparation comprising:

(a) providing the preparation in a form having less than about 5% of chromatin residing
in an original production medium;

(b) contacting the preparation with a nonionic organic polymer and a salt, wherein a
concentration of nonionic organic polymer is sufficient to precipitate the desired protein or
cause its accretion on a hydrophilic surface, or maintain it in a precipitated state or accreted on
the hydrophilic surface, the salt concentration being sufficient to produce greater than
physiological conductivity, wherein the nonionic organic polymer is polyethylene glycol
(PEG); and

(c) contacting the preparation with at least one electropositive surface, optionally in the
presence of a salt concentration sufficient to produce greater than physiological conductivity,
whereby the desired protein does not substantially adsorb to the at least one electropositive
surface while not preventing adsorption of acidic contaminants to the at least one

electropositive surface.

2. The method of claim 1, further comprising (d) contacting the preparation with at least

one nounionic hydrophilic surface.

3. The method of claim I, wherein the salt concentration during step (a) and (b) are the
same.
4, The method of claim 1, further comprising retaining the precipitated desired protein on

a porous membrane while soluble contaminants are eliminated by passage therethrough.

5. The method of claim |, further comprising retaining the precipitated desired protein on
a microporous membrane that is substantially inert while soluble contaminants are eliminated
by passage there through, independently from the salt concentration.

6. The method of claim 1, further comprising retaining the precipitated desired protein on
a microporous membrane that is electropositive while soluble contaminants pass there through
when the conductivity is greater than physiological conductivity.

7. The method of claim 1, wherein the method is conducted in a single integrated

apparatus.
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8. The method of claim 1, wherein the average polymer size of the nonionic organic
polymer is in the range of one from the group consisting of (a) from about 1,500 Daltons to
about 15,000 Daltons, (b) from about 2,000 Daltons to about 12,000 Daltons (¢) from about
3,000 Daltons to about 10,000 Daltons, (d) from about 4,000 Daltons to about 8,000 Daltons,
and (e) from about 5,000 Daltons to about 6,000 Daltons.

9, The method of claim 1, wherein the conductivity is at least | mS/cm greater than
physiélo gical conductivity.

10.  The method of claim {, wherein the salt is selected from the group consisting of sodium
chloride, potassium chloride, sodium acetate, potassium acetate, sodium thiocyanate, potassium
thiocyanate, guanidinium hydrochloride, and combinations thereof.

1t The method of claim 10, wherein the salt is sodium chloride at a concentration selected
from the group consisting of (a) from about 0.5 M to about 1.5 M, (b) from about 2.0 M to
about 3.0 M, and intermediate ranges thereof.

12 The method of claim 1, wherein the at least one electropositive surface is membrane
with pores of an average size selected from the group consisting of (a) about 100 nm, (b) about
220 nm, (¢) about 450 nm, (d) about | micron, (¢) about 2 microns, and intermediate values
thereof.

13.  The method of claim 1, wherein the at least one electropositive solid is a plurality of
particles.

14.  The method of claim 1, wherein the at least one electropositive solid is part of a
chromatography device selected from the group comprising, a monolith-based chromatography
device, a membrane-based chromatography device, a particle-based chromatography device, a
macroreticulate skeleton supporting a hydrogel-based device, and combinations thereof.

15, The method of claim 1, wherein the salt concentration is selected from the group
comprising a zero amount, I mM, 2 mM, 5 mM, 10 mM, 25 mM, 50 mM, 100 mM, and
intermediate concentrations thereof.

16.  The method of claim 1, wherein a pH during step (a) is in a range selected from the
group consisting of (a) from about 8 to about 9, (b) from about 8 to about 8.5, (¢) from about
7.5 to about 8.5, (d) from about 7.25 to about 8.25, (e) from about 7.0 to about 8.0, (f) from
about 6 to about 7, and intermediate pH ranges thereof.

17. The method of claim 1, wherein a pH during step (b) is in a range selected from the
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group consisting of (a) from about 5 to about 9, (b) from about 6 to about 8, (c) from about 6.5
to about 7.5, (d) from about 7.5 to about 8.5, and intermediate pH ranges thereof.

18.  The method of claim [, wherein the at least one hiydrophilic surface comprises one
selected from the group consisting of a membrane, a monolith, and a plurality of particles,
wherein the plurality particles are optionally magnetic.

19, The method of claim 1, wherein the at least one electropositive surface comprises one
from the group consisting of a membrane, a monolith, and a plurality of particles, wherein the
plurality of particles are optionally magnetic.

20. The method of claim 1, wherein the preparation is one selected from the group

consisting of a cell culture medium, an extract {rom cultured organisms, and a bodily fluid.
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