CHROMATOGRAPHIC PURIFICATION OF ANTIBODIES FROM CHROMATIN-
DEFICIENT CELL CULTURE HARVESTS

BACKGROUND
[6001] Embodiments disclosed herein relate to methods for purification of IgG monoclonal
antibodies.
[0002]  Purification of recombinant proteins commonly begins with a so-called primary
capture step, in which cells and debris are removed so that the remaining supernatant can be
processed by methods that would be hampered or rendered ineffective by the presence of celis
and debris. Their removal commonly involves centrifugation and filtration. It sometimes
involves the use of membrane or depth filters with anion exchange capabilities, or the addition of
anion exchange particles directly to the antibody-containing harvest (Gagnon, P., Purification
Tools for Monoclonal Antibodies, Validated Biosystems, Tucson, 1996, Kuczewski,-M,. et al,
Biopharm Int. 23 (3) (2010) 20-25; Kuczewski, M., et al, Biotechnol. J., 6 (2011) 56-65), in all
such cases reportedly to reduce levels of host cell proteins (HCP). Brodsky et al (Biotechnol.
Bioeng. 109 (2012) 2589-2598) described HCP precipitation by caprylic acid as a precursor ot
subsequent purification by protein A affinity chromatography. Gan et al (J. Chromatogr. A 1291
(2013) 33-40) employed a different approach of preparing a harvest for subsequent
chromatographic purification by specifically targeting a subset of host cell contaminants derived
from chromatin, consisting chiefly of histone proteins and DNA. One of those method
particularly employed a combination of soluble multivalent organic cations to dissociate
aggregates, and insoluble (surface immobilized) multivalent organic ions to remove remaining
aggregates and other contaminants. They also described the inclusion of allantoin among the

active ingredients to achieve their results.

SUMMARY
[60063] Some examples disclosed herein provide methods for the purification of at least one
desired monoclonal antibody from an impure preparation in the form of a cell culture harvest,
comprising the steps of (i) conditioning the antibody preparation to remove the majority of
chromatin by contacting it with soluble and/or insoluble (surface-immobilized) multivalent

organic ions then removing solids; (ii) applying the conditioned antibody preparation



to an adsorptive chromatography medium that fractionates the desired antibody from undesired
contaminants. In one aspect, the present invention refers to a method for the purification of at
least one desired protein from a protein preparation comprising the steps of (i) conditioning an
impure protein preparation by contacting it with allantoin which is present in a supersaturating
amount at a concentration range from 0.6 to 50%, a soluble electronegative organic multivalent
ion selected from the group consisting of nonanoic acid, nonenoic acid, heptanoic acid, heptenoic
acid, octanoic acid octenoic acid, decanoic acid and caprylic acid, and at least one surface
immobilized multivalent organic ion selected from the group consisting of tris(2-
aminoethyl)amine, diethylenetriamine, triethylenetetramine, tetracthylenepentamine,
polypropylenimine tetramine, PAMAM dendrimer (ethylenediamine core), deferoxamine, and a
quaternary amino group, and subsequently removing solids with the result of removing at least
95% of chromatin; then (ii) applying the conditioned protein preparation, optionally after a
buffer equilibration step, to an adsorptive chromatography medium for purification of the desired

protein.

DETAILED DESCRIPTION
[0004] It has been discovered that in some embodiments the conditioning of an antibody-
containing protein preparation by exposure to soluble organic multivalent ions and/or organic
multivalent ions immobilized on a solid surface under conditions where the antibody is not
bound enhances the subsequent performance of fractionation by protein A to an unexpectedly
high degree. By way of illustration, in some embodiments where the organic multivalent ion
conditioning step reduces contamination from host proteins by a factor of 30-70%, it can
surprisingly increase the ability of a subsequent protein A chromatography step to reduce host
protein contamination by up to a factor of nearly 1000-fold. In some embodiments, the methods
provides conditioning methods which do not simply aid subsequent purification by reducing the
gross contaminant load, but by also particularly removing contaminants that interfere with a
subsequent purification step such as a protein A purification step. In some embodiments, the
methods surprisingly increases the dynamic binding capacity of protein A affinity columns by
10-20% or more. Without adopting any particular belief or theory, the increased capacity
afforded to affinity chromatography media by embodiments disclosed herein may result from the
fact these conditioning methods particularly remove large nucleosome-antibody aggregates that

bind to the external surface of the particles and prevent the desired antibody from being able to
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freely enter the pores where most of the intended binding surface area resides. In some
embodiments, these conditioning methods may also increase the usage life of the protein A
column by preventing its exposure to compounds that potentially foul its surface by non-specific
binding thereto. Additionally, these conditioning methods may disproportionately compound the
removal of virus. Remarkably, and most surprisingly, the disclosed clarification methods remove
interfering substances to such a degree that they also enable adsorptive chromatography methods
of lesser purification ability, such as cation exchange, anion exchange, and multimodal methods,
to achieve virtually the same purification performance as protein A affinity chromatography.
Specifically, the disclosed clarification methods permit all of the chromatography methods
named above to reduce host protein contaminants to less than 10 ppm, as measured by

commercial host protein ELISA.
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{(}0051 - It has been discovered that comb‘inations of materials that are chenﬁicaﬂy antagonistic
to one another have the unexpected effect of achieving higher levels of chromatin removal than
’cpndztlomng methods relying on any one of the materials individually. Combinations of
‘ax_ztjag.dlnistic materials would be ez;:.gigzcte'd t6 cancel each others’ individual effects and result in
inferior chromatin reduction, inferior antibody recovery, or both. Instead, the preser}t_'
embodiments provide defined windows within which the materials work synergistically 1o
achieve levels of chromatin reduction and antibody recovery that are substantially beyond the
abﬂity of any of the indiiridual componénts to provide. In addition, experimental results indicate
. that reactivity curves for each of the components in the combination 1s distinct from their

‘ reactivity curve;s‘ when used individually. This highlights that the utility of the embodiments
disclosed herein could not have been predicted by the known Iﬁroperties or applications of the
individual éornpoﬁents. In some such embodiments, the components tobe combined for
conditioning a cell culture harvest particularly inclunde fatty acids containing 7 or 8 or 9 or 10

. carbori atoms, and soluble or solid materials bearing a positive charge. They may further include
(.me or more solid or soluble materials that compﬁsc a metal binding functional group. They may
further include allantoin. In the methods disclosed herein, the materials are combined in a liquid
preparation contaiﬁing a species of antibody, then after a.suitable period of incubation, solids are
. removed to provide a solution comprising the antibody, absent up to 99% or more of host cell

| contam.mants with an average I2G recovery of about 90 to about 95%, and a turbidity of less
than about SNTU (nephelomemc turbidity units). '

[6006] . I:xpemmental data document the mutually antagonistic interactions among such
components, For example, a cationic (elﬂctroposmve} component and an amomc
(electronegative) component such as a fatty acid should bave a strong attractlon to one another,
and their interaction should tend to reduce the ability of either one to interact with other
components of an antibody preparation such as a cell culture harvest. Thus is indicated by data
‘showing that certain contaminants, such as antibody light chains, are removed by a combination
of components at one: ratio, but re-appear in the antlbody-contmmno liquid if the proportion of
the cationic compenent 1s increased. In one particular example this is believed to occur because
a fatty acid bound to a contaminant within a precipitate is more strongly attracted to a cationic
solid than it is to the contaminant, so that @hen the amount of the cationic sohd is increased, the

~ fatty acid transfers to that solid, which liberates the contaminant from the precipitate, causing it
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- 10 re-contaminate the soluble antibody preparation. In another example of mumal antagohism, ‘
crystalline allantoin has been shown experimentally to bind more than 99% of the fatty acids in
-cell culture harvest, indicating a high likelihood that it acts on added fatty acids in a sirnilar
manner This should be expected to reduce the eff@qtiveness' of fatty acids added to an antibo&y—

- containing cell culture }i_arve:st for the purpose of iarecipitatin_g non-antibody contaminants. Tc; -
the contrary, this aspect of the methods contribute to effective use of fatty acids at concentrations
less than half the levels reported as optimum in the scientific literature. Without ascribing to any .
particular theory,\ it may be that fatty acids complexed to undisso}ved.allaﬁtoin through hydrogen
bonding consérve their native charge, hydrophobicity, and ability to bind contamiziamé, while the
density of the undissolved allantoin enhances their removal byk sedimentatic;n. In another
exampleof mutual antagonism, addition of anionic chelating solids—which should be inert to
fatty acids—-to a-mixture of fatty acids-and cationic chelating solids, releases contaminants back
to the antibody solution that weré successfully removed by the already-antagonistic combination
of cationic solids and fatty a}cids_. When normally antagonistic components are combined in
properly balanced pfoporﬁons, they create windows within which it is possible to remove
contaminants, such as certain antibody fragments, that are not removed effectively by any of the
individual components. In many cases, overall puriﬁcaticn performance of the disclosed methods
exceeds the capabilities of protein A affinity chromatography, which is generally regarded as the

highest perfbrmin‘g antibody purification method available. ; A _
{6607} in another such embodiment, the harvest may be éonditioned by contact with one or

- more positively charged surfaces. In another such embodiment, the clarification method involves

- contacting the desired product preparation with soluble and/or insoluble multivalent organic ions,
any one of which may be anionic or cationic, thereby presenting additional examples of inherent

_antagonism among conditioning components. .

{0608 ' In one or more of the preceding embodiments; conditioning the protein preparation
with ofga:m’c multivalent ions comprises contacting the éample with an electro;ﬁositive organic
additive. In some such embodiments, the electropositive organic additive cbmpn'ses at least one
species from the group consisting of ethacridine, methylene blue, cetyl trimethylammonium
bromide. In some such embodiments, the concentration of such a species, or aggregate
concentration of a combination of species is in the range of 0.001 to 1%, or 0.01 to 0..1%, or 0.02 -~

to 0.05%. In some such embodiments the pH of the preparatic;n may be adjusted up to an alkaline
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value that does not cause significant reduction of recovery of the desired protein. In one such
~em‘50dimeﬁt where the desired protein is an IgG monoclonal antibody, the pH may be adjusted

“up to a pH value a half pH unit of the antibody isoelectric point, or more if experimental results
indicate that a-nt'ibody' recovery is acceptable, but such adjustments are generally not necessary.
To the extent that any pH adjustment is made, a vale within ] pH unit of the protein isoelectric
pbint will suffice, or within 1.5 pH units. ‘

. [0009}. In oxie or more of the preceding embodiments, conditioning the protein preparation
with organic multivalent iqns comp'rises. contacting the sample with an electronegative organic
additive. In some such embodiments, the electronegativé organic additive comprises at least one

“species from the group oonsistihg of heptanoic acid, heptenoic acid, octanoic acid, octenoic acid,
nonanoic acid, nonenoic acid, decanoic acid, methyl biue. In some such embodiments, the
concentration of such 2 species, or total concentration of 2 éombinétion of Speéies is in the range
0f 0.601 to 10%, or 0.01 to 1%, or 0.1 to0 0.5%. In some such embodiments the pH of the
preparation may be adjusted down to an acidic Value that does not cause significant reduction of
recovery of the des1red.protam. In some such embodiments, the pH of the preparation may be
adjusted to the range of 3.5 10 6.5, 4.0 t0 6.0, 4.5 t0 5.5, 5.0 t0 5.3, 5.15 t0 5.25, or 5.2, or another
intermediate value. . |
[00190] In one or more of the preceding embodiments, conditioning the protein preparation
with organic multivalent jons comprises contacting the sample with undissolved allantoin. In .
some such embodiments, the added allantoin resident in a protein 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. It will be apparent that the smaller the particle size, the greater the surface area per unit of
mass, and since the process is mediated at the particlé surface, the smaller the average pax’ticleé.
size, the greater the efficiency per unit of mass. ‘
[0011] In one or more of the preceding embodiments, conditioning the protein preparation
with organic multivalent jons comprises contacting the sample with a .nc;nionic or zwitterionic

- surfactant at a concentration lower than its critical micelle concentration.

o [e012] - In:one or more of the preceding embcdinzenfs, 'cbnditionind of the protein preparation

with organic multivalent ions comprises (1) prowdmg a first component which is a first solid

substrate havmg an electronegative surface; (i) contacting the protein preparation with the first

component, wherein the operating conditions substantially prevent the binding of the desired
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protein to the first cc;mponeﬁt; and (iiij separating the desired protein with a reduced chromatin

comexit from the first component. In some such embodiments, the first electronegative surface

may be accompanied by a second electronegative surface. |

[G013] In one of more of the preceding cmbodiments, conditioning of the protein preparation

with organic multivalent ions comprises (1) provzdmo a first component which is 2 first solid

substrate having an eIectroposmve surface (i1) contacting the protein prcparanon wfth the first -
component, wherein the operating conditions substannaﬂy prevent the binding of the desired.
protein to the first component; and (ii1) separating the desired protein with a reduced chromatin
content from the first component. In some such embodiments, the first electropositive surface

- bears residues of tris(2-aminoethyl)amine. In some such embodiments, the first electroposmve
surface may be accompanied by a second electropositive surface,

[6014] Inoneor more of the precedmg embodiments, condmomng of the protcm prepa:atloﬁ '
* with organic mu}tzvalent 1ons comprises (i) provzdmg a first oomponent which 1s a first solid

substrate having an électm]_:iosiﬁve surface; (ii) providiﬁg a second component which 1s a second

solid substrate having an elecfmnegative surface; (iii) contacting the protein preparation with the
first and second cdmponents, wherein the first and second coﬁponmts are configured such that
the protein preparation may contact both components simultaneously, wherein the operating'
conditions substantially prevent the binding of the des_ired protein to the first or second
components; and -(iv)"fséparating the desired protein with a reduced chromatin coﬁtent from the
first and second components. In some such embodiments, the first electropositive surface bears

residues of tris(2-aminoethyl)amine. .

[6015] In one or more of the preceding gmbodiménts, conditioning of the protein preparation
 with organic multivalent ions comprises (i) contacting the protein preparation with at 1east'onej
solid surface comprising at least one surface-bound ligand capable of biﬁding a metal, wherein the
surface~bound ligand capable of binding a metal is initially substantially devoid of a metal,
wherein operatino conditions are selected to substantially prevent the binding of the desired
protem 0 the at ieast one solid surface and (u) separatmg the protein preparation from the at least
one surface-bound ligand. _ _

[0016} In one or more of the preceding émbodiments, a protein preparation already treated
with 2 soluble electropositive or electronegative organic addiﬁve and/cir a solid surface bearing an

electronegative, electropositive, or metal affinity ligand, may be subsequently flowed through a
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dévice, the fluid-contact surface of which comprises positive charges.

[8017] In one embodimem illustrating application of a chromatin-directed clarification
method, allantoin is added to a cell culture harvest in an amount of 1% {v/v). The cell culture inaj}
contain cells, or tﬁe cells ﬁnay previously have been removed. Methylene blue is added to a A
concentration of 0.025% (w/v). Alternatively, emacridiné may be added to a'concen’u"ation of
0.025%. Alternatively, 0.025% cetyl trimethyl ammonium bromide may be added to a
concentration of 0.025%. Alternatively, 0.01% chiorhexidine is added. Alternatively, other
electropositive organic additives or combi:latidns theréof may be used. The mixture is then
incubated stirring for 2 hours. Particles bearing the electropositive metal affinity ligand tris(i» /
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 expediént means. The remaining solution
conﬁaining the desired protein may be optionally flowed through a depth filter bearing positive
charges on its fluid contact surface. ' ‘ ’

[0018]  Inanother embodiment illustrating application of a chromatin- directed 'conditioning |
method, allantom is added to a cell cultare harvest in an amount of 1% (v/v). The cell culture may
contain cells, or the cells may previously have been removed, 0.6% heptanmc acid 1s added
Alternatively 0.5% heptenoic acid is added. Alternatively 0.4% octanolc acid 1s added.
Alternatively 0.4% octenoic acid is added. Alternatively 0.3%' pelargonic (nonanoic) acid is
added. Alternatively 0.4% nonenoic acid is added. Alternatively 0.2% capric 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 houss.
Particles bearing the electropositive metal afﬁmty hgand ms(Z-ammoemyl)auune (TREN) are
added in an amount of 2-5% v:v. The mixture is incubated mixing for 4 hours then the sohids
removed by any expedient method. The remaining solution containing the desired protein may be
optionally flowed through a depth filter bearing positive charges on its fluid contact surface.
[8019] In another embodiment illustrating application of a chromatin-directed conditioning
method particles bearing a metal affinity ligand, such as an elécn"oposiﬁve xﬁeta] atfmiiy ligand,
are added to a cell culture harvest i in an amount of 2-5% (v/v) In some such embodiments the

electropositive metal affmty ligand is tris(2-aminoethyl)amine (TREN). In some such
embodiments the metal affinity ligand is 2 structural analog of TREN, or multiple of TREN such
as a multilayer TREN dendrimer on a particle surface. In sozﬁe such embodiments, particles
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| bearing ligands that enable thém to participate in other chemical interactions are included, with
TREN particles or sequentially, including where other particles may be adde;ci first. ”fhe mixture is
incubated mixing for 4 hours then the solids removed by any expedient method. The remaining
soluf:icin éontaining the desired‘prctein may be optionally flowed throﬁgh a depth filter bearing
positive charges on its fluid contact surface. ‘
[6020) In one or more of the previous embodiments, salt may be added 0.2 conditioning
mixture to prevent Joss of the desired protein through excessive interactions with a soluble or
insoluble multivalent orgénic ion. In some such embodiments, NaCl may be added to increase
conductivity oa level corresponding to about 200 mM, with a rongh coﬁductivity equivalent of
about 20 mS/cm, for the purpose of preventing an IgM antibody or non-antibody prétein from
bmdmc to conditioning components. In other such embodiments, the NaCl coricentration may be
elevated to a greater or lesser degr e 10 accommodate a particular recombinant protein.
Appropriate salt concentrations for accommodatmo any particular protein can be quickly and
easily estimated by applying a sample of the desired protein to a cation exchanger or an amon
'exchanger cluting them with an increasing salt gradient, deterzmmnv the conduct1v1ty at the
center of the desired protein peak, then using that conductivity value for the clarification process.
[0621] In some embodiments, methods are provided methods for the purification of at least
one desired protein from a protein preparation comprising the stéps of (i) conditioning the
proteiﬁ preparation by contacting it Wﬁh multivalent organic ions; and then (ii) applying the
resulting protein preparation to-an affinity chromatography medium specific for the desired
protein. In some such embodiments, the affimity ligand on the chromatography medium is protein
A, or protein G, or immobilized VHH domains;‘or synthetic analogs of biological
' chroma;cography media, or synthetic affinity ligands not modeled on biological affinity ligands.
[06022] In some embodiments, methods are provided methods for the purification of at jeast
one desired protein from a protein preparation comprising the steps of (i) conditioning the
protein preparation by contacting it with multivalent organic ions; and then (ii) applying the
_resulting protein preparation to an anion exchange chromatography medium. In certain such
embodirents, the anion exchange chromatography medinm is a column of packed
electropositive particles. In certain such embodiments, the anion exchange column is run in void
exclusion mode {Nian et al, J. Chromatogr A 1282 (2013) 127-132). Such embodiments
highlight the surprising nature of the disclosed methods. Anion exchange cbromatography has
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been 1gnored as an injtial punﬁcanon tooI for IUG antibodies becanse the column becomes
severely fouled by binding contaminants frorn the feed stream. Experimental data show that the
| 'contammants responsible for fouling are almost entirely denvgd from chromatin, and that their
rgzn:QV_aI endows anion exchange chromatography with the ability to rival the puﬁﬁ;:ation
performance of protgin A affmity chromatogré.phy. Anion exchange chromatography in void
exclusion modé further enables simultaneous removal of small mplecu5¢ comarminants .and saits,‘
. thereby making advance sampie equilibration uxmeoesséry.
10623] In some embodiments, methods are provided methdds for the purification of at least
one desired protein from a protein preparation comprising the steps of (i) conditioning the
. protein preparation bjf contacting it with multivalent organic jons; and then (ii) applying the
* resulting protein preparation toa cation €xchange chromatography medium. Experimental data
show that cation exchange chromato Uraphy performed on. ceﬁ culture harvest conditioned by the -
traditional methods of centrifugation and/or filtration typically reduces host protein
contamination to 5,000-15,000 ppm. Expenmental data show that conditioning of cell culmre
harvest by the disclosed methods enables cation exchange chromatography to reduce host cell
" proteins to less than 10 ppm, and in some cases to 1 ppm or less. Another unexpected benefit
revealed by experimental data is that chromatin 1s the contaminating material that fouls cation
exchangers and reduces their purification performance. The disclosed conditioning methods
particularly eliminate that f}roblem.'":{‘his solution also applies to multimodal chromatography
media empléjﬁng cation exchange materials with excess hydrophobicity, which following
conditioning by the dié&;lose-d methods also reduce host protein qontaminatioﬁ to 1 ppm.
[0024]  In some embodiments, methods are provided methods for the purification of at least
one desired protein from a protein prei)axation comprising the steps' of (i) conditioning the
protein preparation by contacting it with multivalent orgahic ions; and then (ii) applying the
resulting protein preparation to an apatite chromatography medium, such as hydroxyapatite, or
fluorapatite, or calcium derivatized versions of either, where the benefits of conditioning the
harvest paraliel those described for other chromatography media as described above.
[0025] In some embodiments, the conditioning of the protein preparation with organic

multivalent ions of step (1) comprises contacting the protem preparation Wlth a soluble

electropaositive organic additive.

[0026]  Insome embodiments, the conditioning of the protein preparation with organic
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mﬁitivalent-ions of step (i) comprises providing a first component which is a first solid substrate
having an electronegative surface, providing a second component which is a second solid
‘ sﬁbstrate having an electropositive surface, contacting the protein preparation with the first and
second. cémponents, wheréin the first and second components are configured such that the
protein preparation may contact both components simultaneously, wherein the operating
conditions substantially prevent the binding of the desired pfotcin to the first or second
components; and sepérating the desired protein from the first and second components in-a
conditioned pfoteiﬁ preparation. In certain such embodiments, the conditioning of the protein
preparation with organic multivalent ions of step (i) includes, prior to contacting the protein
preparation with‘fhe first and second components, contacting the protein preparation with a
soluble electropositive organic additive. In others, the conditioning of the protein preparation with
organic multivalent ions of stép (1) includes, during at least a portion 6f the contacting the protein
* preparation with the first and sc;conci components, contacting the protein preparatioﬁ with a '
~ soluble electropositive organic additive. In certain such embodiments, the conditioning 'of the
protein preparation with organic multivalent ions of step (i) iﬁcludes, during at least a portion of |
- the contacting the protein preparation with the first and second components, additionally
contacting the protein préparation with at Jeast one solid surface comprising at least one surface-
bound ligand capéble of binding a mefai, wherein the surface-bound ligand capable of binding a
-metal is initially substantialty devoid of a metal, wherein operating conditions are selected to
substantially prevent the binding of the desired protein to the at least one solid surface and
~ separating the resulting conditioned protein preparatioﬁ from the at least one-surfaée—bound
ligand; wherein when more than one surface-bound ligand is present, each surface-bound ligand
is independently either of the same charge or charge neutral.
[6627]  Insome embodimenis, the conditioning of the protein preparation with organic
multivalent ions of step (i) includes contacting the protein preparation with at least one solid
surface comprising at least one surface-bound ligand capable of binding a metal, wherein the
‘ suxfaceAbouﬁd ligand capable of binding a metal is initially substantially devoid of a metal,
wherein operating conditions are selected to substantially prevent the binding of the desired
protein to the at least one solid surface and separating the resulﬁng conditioned protein
preparation from the at least one surface-bound ligand; wherein when more than one surface-

bound ligand is present, each surface-bound ligand is independently either of the same charge or
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charge neutral In certam such embodiments, the conditioning of the protein preparation with
orgamc multivalent ions of step (i) includes, prior to contacting the protein preparation with the
. sohd surface comprising at least one surface-bound ligand capable of binding a metal, contacting
the protein preparation with a soluble electropositive organic additive; in others, the condiﬁoning
of the protein preparaﬁon with organic nmltivalent' ions of step (i).inchudes, during at least a
_portion of the cdntécting the protein preparation Wlth the solid surface comprising at least one
surface-bound ligand capable of binding a rdetal, contacting the protein preparation with a
soluble electropositive organic additive. In certain such embodiments, the conditioning of the
protein preparation with organic multivalent ions of step (i) iﬁcludes, during at least a pértion of
¢ contacting the protein preparation with the solid surface comprising at least one surface-
bound ligand capable of binding a metal, contécting the protein preparation with a first
c;om'ponent which is a first solid substrate having an eléctronegative surface, providin‘g a second
component which is a second solid substrate haviﬁg an electropositive surface, contacting the
protein preparation with the first and second components wherein the fi m‘st and sccond
components are conﬁﬂured such that the protein preparauon may contact both components
simultaneously, wherein the operating conditions substantially prevent the binding of the desired
- protein to the first or second components; and separating the desired protein from the first and
second cémponents in a conditioned protein preparation. '
. {0028] In some embodiments, the conditioning of the protein preparation of step ()
A comprises any combination of the disclosed elements or any portions thereof.’ In some
efnbodimcnt;s Whei'e‘ the conditioning of the protein prepaiation of step (i) may comprise
removing particulates such as cells and other residual physical debris created by the cell culture
process, such particulates are undersiood not to constitute the functionalized solids of the
disclosed methods. o
[0629] In séme embodiments, the conditioning of the protein preparation‘of step (1)
comprises durmg at least a portion of step (i) contacting the protein preparation w*th an
undissolved ureide. In certain such embodiments, the undissolved ureide is allantom In certain
such embodiments, the allantoin is present in a supersaturating amount from about 1% to about
2%, or in a supersaturating amount from abouf 0.6% to about 6%, or in a supersaturating amount
from about 6% to about 10%. In certain such embodiments, the allantoin is present in an amount

ranging from 0.6 to 50%, or 0.7 to 25%, or 0.8 10 10%, or 0.9 to 5%, or 1 10 2%, or an

11



WO 2014/133459 PCT/SG2014/006088

intermediate value.
[6030] In some embodiments, the solub:[e electropositive organic additive is selected from
the group cqnsisting of ethacridine, chiorhexidine, polyethyleneimine, methylene blue, cetyl '
“trimethy] ammonium bromide, and benzalkonium chloride. In certain such embodiménts, the
electropositive additive is ethacridine; the ethacridine may be presAcm in a concentration of -
approximately 0.01% 1o 0.05%. In certain such embodiments, the eléctropositive additive is
methylene blue; the rﬁethylene blue may be present in a concentration of approximately 0.01% to
0.05%. In some embodiments, methylene blue or ethacridine are present at a concentration of
0.020% t0.0.025%. In some embodiments, cetyl trimethyl ammonium bromide is present at a
concentration of 0.01 to 0.05% or 0.020% %o 0.025%.
[0031] In some-embodimentg, the first substrate is particuiate. In some embodiments, the -
second substrate is particulate, In certain such embodiments, the particulaté substrate or
substrates is each provided as a plurality of particles. In certain such embodiments, the particles -
of the first substrate, the second substrate or Botﬁ are-non-porous. In others, thé particles of the
first substrate, the second substrate or both are porous; in certain such embodiments, the pore
size of the porous particles is large enough to permit entry of a protein in a protein preparation
while in others, the pore size of the porous particles is too small to permit entry of a proteinin 2
protein prépar‘ation. In some embodiments, the average pofe size of the porous :paz‘ticles is from
_about 1 nm to about 100 nm. In some embodiments, the particles ére sandwiched between L
porous membranes or monoliths, or the particles are sandwiched between woven or amorphous
fibrous filters, or the particles are sandwiched between crystalline frits, or the particles are
embedded in a reticular polymer network. ‘
[6G32} In certain of the preceding embodiments, the protein preparation is contacted with the
 first and second components by flowing the preparation through the first and second
components. Thus, in certain of the preceding embodiments, the protein preparation is contacted
with one or more insoluble multivalent organic ions by flowing the preparation through one or
more devices that bear the multivalent organic ions on their fluid-contact surface(s). .
(0033} In certain of the preceding embodiments, the electronegaiivity of the surface of the
first component is conferred through one or more kinds of complex chemical moieties that
embody more than one chemical functionality, or through a combination of simple and complex

chemical groups mixed on the surface, or a combination of surfaces of differing chemical
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composition. ’ ’
{0034i In certain of the preceding embodiments, the electronegativity of the surfabe of the
first component is conferred in part by a moiety from the group consisting of iminodiacetic #cid
ethyiene glycoi(ammoethylether)dzacetm acid, nitriloacetic acid, aspamc acid, glutamm acid, a
- carboxylic acid, sulfurous acid, sulfonate, and phosphoric acid. ‘
[0035] In certain of the preceding embodiments, the electropositivity of the surface of the
second component is conferred through one or more kinds of complex chemical groups that
embody more than one chemical fonctionality, or through a combination of éimpie and complex
chemical groups mixed on the surface, or a co*nbmatxon of sarfaces of differing chczm\,al
comiposition.

{0036} In certain of the preceding embodzmems the electro;)osmvzty of the surface of the
| second component is conferred in part by a mo1ety frorn the .group consisting, of tris(2-
ammoathyl)amme, diethylenetriamine, mcthylengtetramlne, tetracthylenepentamine,
polypropyienimine tetramine, PAMAM dendrimer (ethylenediamﬁle core), deferoxamine, a
primary amino group? a secondary amino group, a tertiary amino group,- and a quaternary amino
group. In certain of the preceding embodiments, the electronegativity of the surface' of the first
component is conferred in part by iminodiacetic acid and the electropositiyity of the surface of
the second component is conferred in part by tris(2-aminoethyl)amine. In certain of the
preceding embodiments, the first coniponent has a surface-bound chemical moiety possessing
metal affinity functionality. In certain of the preceding embodiments, the electropositive surface |
of the secorid cbmponent includes a surface-bound chemical moiety posseésing metal affinity
functionality. In certain of the preceding embodiments, at least one of the substrates has one or
more chemical moieties in addition to the surface-bound chemical moiety possessing metal
affinity functionality wherein such additional cherical moieties enhance the capacity of one or
more of the components to participate in hydrogen bonding, hydrophobic interactions, or pi-pi'
bindiﬁg with a protein of the protein preparétion, In certain such embodiments, the surface-
bound chemical moiety possessing metal affinity functionality is a multidentateAmetai chelating
moiety. ' | '
{6037} In certain of the preceding embodiments, the electropositive surface of the first
coniponent includes a surface-bound chemical ‘moiety possessing metal affinity functionality, the

electronegative surface of the second component includes a surface-bound chemical moiety
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possessing metal affinity functiopality, and another surface includes a surface-bound chemilcal
,r'noiefy possessing an elevated hydrophobic functionality. N .
[0038] - In certain of the preceding embodiments, the surface-bound 1igancﬁ_ capable of binding
a metal ﬁrovides further chemical functionality selected from the group consisting of electrostatic
interactions, hydrophobic interactions, pi-pi interactions, ﬁydrogen‘bonéjng, and combinétions
thereof. ) | | |
[0039] In certain of the preceding embodiments, the contacting the protein preparatzon with
at least one solid surface comprising at least one surface-bound ligand capable of bmdmo a metal
of step (i) further comprises contactmg the protein preparation with. at least one surface-bound
tigand that provides a chemit*;al functionality that does not comprise binding-z-metal. In certain
such embodiments, the at ieast one surface-bound ligand that provides a cherhicai functionality
that does not comprise binding a metal is on the same solid surface-as the at least one surface- |
. bound ligand capable of binch"n0 a metal; in others, ithe at least one surface-bound hgand that
. provides a chemical funcﬁonahty that does not compnse binding 2 metal is on a separate solid
surface from the at least one surface-bound li gand capable of binding a metal. In certain such
‘ embodiments, the chemical functionality that does not comprise binding a metal prowdes a
chemical functionality selected from the group consisting of electrostatic interactions,
hydrophobic interactions, pi-pi binding, hydrogen bonding, and combinations thereof,
-[0040} In certain of the preceding embodiments, the net charge on the surface-bound ligand
capable of binding a metal is positive. In certain such embodirﬁents, the surface-bound ligand
capable of binding a metal comprises one selected from the group consisting of tris(2- |
aminoethylyamine (T REN),~ diethylenetriamine, triethylenetetramine, tetracthylenepentamine,
polypropylenimine tetraamine, deferoxamine (desferrioxamine), histidine, histamine,
polyhlstldme, and combinations thereof.
(004 11 In certain of the preceding embodiments, the net charge on the surface-bound ligand
capable of binding a metal is negative. In certain such embodiments, the surface-bound ligand
capable of binding a metal comprises one selected from the group consisting of iminodiacetic
acid (2~(carboﬁymethylarmno)acetic acid), ethylene gISICOI (aminoethylether) diacetic acid,
diethyieé@neﬂiMepentaacetic acid, nitriloacetic acid (2,2',2"-nitrilotriacetic acid), aspartic
acid, glutamic acid, polyaspartic acid, and combinations thereof.

[6042) In certain of the preceding embodiments, the at least one solid surface comprises a
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paﬁicie or cdmposite of particles , ora fiber or composite of fibers , or a membrane or composite
of membranes , or a monolith or compos1te of monoliths. -

[0643]  Insome embodiments, different surface-bound ligands are present on structurally
similar but distinct solid surfaces from the at least one solid surface comprising the at least one
surface-bound ligand capable of binding a metal. In some eﬁxbodiments differem'/surfac&bound
ligands are present on su'uctural}y distinct solid surfaces from the at least one solid surface
comprising the at least one surface-bound ligand capable of bmdmg a metal,

_ [0644]  In some embodiments, the conductivity of the protein preparation durmo step (1) is at
a sufficiently high level to substantzady avoid precipitation of the desired protein from the
sample during stép (). In certain such embbdi.fﬁents, the conductivity of the sample is greater
than 20mS/em , or the conductivity of the sample is greater than 30 mS/cm, or ﬁe conductivity
of the ;sample 1s greater than about 40 mS/cm , or the coﬁductivity of the sample is greater than
about 100 mS/cm , or the condt;ctivity‘ of the sample is at least 5%, 10%, 20%, 50%, 100% o'rv
200% higher than the conductivity sufficient to substantially avoid precipitation of the desired
protein during step 5) A A

[0645]  Insome embodiments, the nonionic organic polymer is selected from the group
consisting of glycerol, polyethylene gls}col, polypropylene glycol and pdlybutylene glycol. In
-certain such embo‘dimeﬁt's, the nonionic organic polymer is polyethylene glycol with an average
molecnlar weight of berween 2kDA and 12 kDa, or between 4 kDA and 10 kDa , or between 4
kDa and 8 kDa. In some cfnbodiments, the average fnolccular weight of the polyethylene glycol
is about 6 kDa, or 12 kDa, or 10 kDa, or 8 kDa, or 4 kDa, or 2 kDa. In some embodiments, the
pONioNic organic polymér. is polyethylene glycol in an amount that does not cause precipitaﬁon
of the desired protein before it binds to the affgﬁty'chromatography medium. In certain such
embodiments, the polyethylene glycol is PEG-6000 at a concentration of no more than a limit
selected from the group consisting of 8%, 7%, 6%, and 5%. A _

[6646] In some embodiments, the non-protein-precipitating salt is selected from the. group
congisting of sodium chloride, potassium chioride, sodium acetate, potassium acetate, sodium
thiocyanate, potassium thiocyanate, and @am'dine clﬂoﬁde, and combina.tidns thereof. In certain
such embodiments, riore than one species of non-protein-precipitating salt is present and
wherein the aggregate conducﬁvity of the combined non-protein-precipitating salts is in a range

of from about 30 mS/cm to about 200 mS/cm. In some embodiments, the non-protein-
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precipitating salt is sodium chloride with a conductivity ranging from aﬁout 50 to 100 mS/ens , or
a2 conductivity ré.nging fro'm about 30 to 160 mS , or a conductivity greater than 160 mS/ cm.
{004’71 In some embodiments, the affinity chromatography medium comprises a solid
' matgriéll to which is immobilized naturally occurring protein A, recombinant protein A, or a
recombinantly derived analog of protein A In some embodiments, the affinity cbroﬁaatography
A:'x.ledium comprises a solid material 10 which is immobilized an antibody or fragment thereof with
affinity for the desired protein. In others, the afﬁmty chromatography medium comprises a solid
material to whmh is immobilized a bacterial protein or a recombma.nt variant thereof with an
affinity for the deszred “rotezn ora fiaturaliy occurring or 2 s ynthetu: ligand with afﬁmty for the
desired pmtem _ '
[0048]) Insome 'embodiments, the affinity cb;_'omatography medinm 18 housed in a device
suitable for performing chromatography and is in a physical form selected from the grbup
consisting of a monolith, one or a plurality of membranes, one or a piﬁrality particles.
[0049] In some embodiments, the desired protein is an antibody or antibody fragment oran .
Fe-fusion protein. In certain such embodiments, the desired protein is an IgG aﬁtihody. In
others, the desired protein is 2 non-1gG antibody. In some embodiments, the desired protein is a
_recombinant protein. ‘ )
[0050] In: some embodlments the protem preparation is a cell culture harvest, a cell culmre
supernatant, an antlbody—contammg solution denved ﬁom a cell culture, or an antlbody-
containing solution from a previous stage of protein purification. ,
[6051] Sp.éciﬁ'c process steps of the integrated conditioning methods disclosed herein are
| illustrated by the following general example. Cell-containing or cell-free cell culture harvest
containing a desired protein such as a species of IgG monoclonal antibody is treated by addition
of 1-2% allantoin, then optional subsequent adcﬁtion of ethacridine, methylene blue, or cetyl
. trimethy! ammonium bromide at a concentration of 0.02 to 0.03%. The mixture is incubated
stirring for 1-2 hours, then electropositive particles with the ability to participate in hydrogen
bondirig and metal affinity interactions are added to the mixture. In one such embodiment, the
electropositive partic}_es are coated with tris( 2-aminoethyl)amine (TREN), and are added.in an
amount ranging from 2% to 5% v/v. Solids are removed by any convenient method, such as
centrifugation or membrane filtration. The conditioned liquid may be alternatively or further

treated by passage th.rough an eiectroposztweiy charged chromatography device such as a-depth
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filter. In some embodiments, the proteinlpreparation may be combined at any time, if necéssary
with a non-precipitating salt such as NaCl in an amount sufficient to prevent the desired protein
from;bcing substantially bound to species of organic multivaleht ions. In some such
embodiments, the desired protein is an IgM monoclonal antibody.

{0052} Specific process steps of the integrated conditioning methods disclosed he;ein are
illustrated by the following general éxample. Cell-containing or cell-free cell culture harvest
containing a desired protein such as a species of IgG monoclonal antibody is treated by addition
of 1-2% allantoin, The pH is reduced to 5.2. Nonanoic acid 1s added in an amount of 0.3%.
Solids are removed by centrifﬁgation or membrane filtration and the supeﬁqatant is exposed 1o
one o1 more insoluble organic multivalent ions that may also embody or be accompanied by &
metal affinity functionality, for example by passing the supernatant through a column or other
device contéining solid surfaces with those properties. In one such embodiment, ‘electroposiﬁve ;
particles with the ability to participate in bydrogen honding and metal affinity interactions are
.added to the mixture. In one such embodiment, the electropositive particles are coated with
tris(2~aminoethyl)amine (IREN),.énd are.added in an amount r‘:mgiﬁg from 2% to 5% viv. The
‘protein preparation may be combined at any time, if necessary with a non-precipitating salt such
as NaCl in an amount sufficient to prevent the desired protein frérﬁ being substantially bound to
species of organic multivalent ions. ' . -
, {(}053] In one or more of the previous embodiments, the antibody is an IgG. In one such
embodiment, the antibody is a monoclonal 1gG. In a closely related embodiment, the desired
proteinAcompri‘ses an Fe-fragment that is an integral component bf a so-called Fe-fusion protein.
[00'54] - In one or more of the previous embodiments, the method is used to purify a ﬁon—IgG
antibody. In one such embodiment the antibody is an IgM.

[0055) In one or more of the previous embodiments, treatment of the unpurified sample with
organic multivalent ions particularly mvolves the addition soluble organic multivalent cations to
the sample, and in some embodiments to a final concentration of 0.02 1o 0.03%, at a conductivity
that substantially prevents the binding of the desired protein to the organic multivaﬁenf ‘;:étions,
and optionally in the presence of organic modulators, particularly including allantoin at a
supersaturated concentrgtion such as 1-2%. /

10656]  In one or more of the previous embodiments, treatment of the unpurified sample with

organic multivalent ions particularly involves the addition soluble organic multivalent anions to
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the sémpie, and in some embodiments to a final conéaniration of 0.2 to 0.5%, at 2 conductivity
that substantially prevents the binding of the desired protein to the organic multivalent cations,
and optionaily in the presence of organic modulators, pafticuiariy inclﬁding aHanf_oin ata .
supersaturated concentration such &s 1-2%. ' -
0057} In one or more of the previous e}ﬁbodiments treatment of the unpurified sample with
~organic muitwalent ions partxcularly mvolves its exposure to orgamc multivalent cations o
covalently attached to a surface where the organic multwalent catxons may themselves bear or
be accompanied by other surfaces that embody other functionalities, particularly including a '
metal affinity and/or hydrophobzc functxonahty In some such embodunents the sample may
have been prekusly treated Wlth an organic modulator, particularly including allantoin at a
supersaturation concentration of 1-2%, and/or soluble organic multivalent cations such as |
.ethacridine. In all such embodiments, the salt concentration is adjusted to a level at least
sufficient to prevent electrostatic binding of the desired protein to the charged surfaces.
{0058] - In one or more of the previous embodiments, the protein preparation from which the
desired protem is to be purified comprises a cell-coatammg cell culture harvest.
[0059]  In one or more of the previous embodiments, the protein pfepara’ciozi from which the
desired protein is to be purified comprises a culture harvest from which cells and other physical
debris have already been removed. ‘
| [0060] " In one or more of the previous embodiments, at least one stage of the method may
additionally include agcnfs inte;nded to inactivate virus, such as tri(njbutyl phosphate, octanoic
é;i¢ methylene blue, ethaqricﬁne, cE.lorhexidine, benzalkonium chloride, or refated compounds
potentially in combination with other agents such as named above, particularly inclﬁding ofgamic
~ solvents and surfactants ‘
{0661} In one or more of the previous embodiments, the operating pH may be in the range of
5t0 9, 0r 6108, or 7t 8, or 5,0r6,0r 7, or 8.
[0662] ©  In any of the previous embodiments, a chromatography medium of step (ii) may
consist of 2 solid support bearing immobilized naturally ocourring protein A, recombinant
protein A, or recombinant analogues derived from protein A.
'§0'063} In any of the previous embodiments, a chromatography mediom of step (ii) may
consist of a solid support bearing positive charges, including so called anion exchangers. In some

such embodiments, a solid support bearing positive charges may also bear hydrophobic groups.
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In other-such embodiments, a solid support bearing positive charges may also bear hydrogen
bonding residues, or combinations of hydrophobic and hydrogen bonding residues. In other such -
embodiments, a solid support bearing positive charges may also have the ability 1o form
coordination binds with metal jons. o
[6064] In any of the previous embodiments, a chromatography medium of. ste;p (n) may
consist of a solid support bearing negcfmve charges, including so called cation exchangers.- In |
some such embodiments, a solid support bearing negative 'charges may also bear hydrophobic
groups. In other‘such embodiments, 2 solid support bearing negative charges may also bear an
integrated metal moiety such as caleium, such as in the case of apatite matvnals
[0065] In any of the prevmus embodiments, the chromatography medium of step (ii) may be
in the physical form of a mor;ohth, one or a plurality of membrancs, one or a plurality particles, .
or a plurality of magnetic particles, or other physical form, housed in a device suitable for
perfornung chromatography.
{0866] Terms are defmed so that the methods dlsclosed may be understood more readﬂy
Additional definitions are set forth throughout the detaxled description.
10067) “Protein™ refers to any of a group of complex organic macromollecul'es that contain
carbon, hydrogen, oxygeh_, nitrqgcn, and usuaﬂy sulfur and are composed pxincipallfy of one or
more chains of amino acids linked by peptide bounds. 'The‘protcm may be of patural or
recombinant origin. Proteins may be modified with non-amino acid moieties such as through
- glycosylation, pegylation, or conjugation with other chemical moieties. Exanples of proteins
include but are not limited to antibodies, cloﬁing factors, enzymes, and peptide hormones.
[0068] “Hest contaminané” or “Host cell contaminant” refers to biomolecules that are
ﬁroduced by the cells in which the product of interest is grown. The term may include various
classes of host c‘ontalninaﬁts; such as host proteins and host DNA.
[0869]  “Host protein” or “Host cell protein” or “BCP” refers to proteins that are produced
by the cells in which the product of interest is grown. Such proteins represent one class of |
contaminants. that must be removed from the j:reduct of interest. |
{6676] "sntibody" refers to an immunoglobulin of the class IgG, IgM, IgA, IgD, or IgE
derived from human or other n;;ammaiian cell Iines, including natural or genetically modified
forms such as humanized, human, single-chain, chimeric, synthetic, recombinant, hybrid,

mutated, grafted, and in vitro generated antibodies. “Antibody” may also include composite
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forms mciudmg but not limited to fusmn protems contammg an 1mmunoglobu11n mozety or
nnmunoconjugates created by synthetlc linkage of an IgG to another funcuonal moxety,
including another antibody, an enzyme, a f!uorophore or other signal generatmg moiety, biotin, a
drug, or other functional moiety. ,

[6071] “Endotoxin” refers 10 a toxic heat-stable hpopolysacchande substance present m the
outer membrane of gram»necatzve bacteria that is released from the cell upon lysis. Endotoxms
"“can be generaliy acidic due to their high content of phosphate and carboxyl residues, and can be
highly hydrophobic due to t‘ﬁe fatty acid content of the lipid-A regionl Endotoxins can offer
extensive opportunity for hydrogen bonding.

{0072} “Electropositive organic additive” refers to an organic molecule, cation or salt of
natural or synthetic 'orig'm that bears at least one positive charge and may contain-multiple .
positive charges. The electropositive organic additive may also bear negative charges but in such
cases will still retain a net positive chargé at under the operating conditions where it is employed.
Where the electropositive organic adc}_itivg 18 net positive it may be provided together with
counterions (anions) such as qhiorides, bromides, sulfates, organic acids, lactactes, gluconates,
and any other anion not incompatible with the method. In some embodiments certain of the
positive charges of the electropositive organic additives are supplied by amine, imine or other
nitrogen moieties. The electropositive organic additive may additionally include hydrophbbic
residues, metal affinity residues, hydrogen bonding residues, other functional moieties, and/or it
niay péssess the ability to participate in other types of chemical interactions. Examples of
electropositive organic additives 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;
polyvinylbenzyltrimethylammonia; polyvinylguanidine; poly(N-ethyl-4-vinylpyridine; DEAE-
dextran; DEAE-celiulose; ethacnidine (C,AS number 442-16-0; 7-ethoxyécridine~3,9»diamine);
txis(z—alxﬁnéethyl)anﬁné; guanidine; chlorhe};idine; alexidine; cifricidal, protamine; spermine;
spermidine; salmine; chifosan; 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 (phenacridane), acridine orange, quinacrine,

acricide, acridone, acridine-9-carboxylic acid, acranil (1-[(6-chloro-2-methoxy-9-
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acridinyi)amino}~3-(djet‘hyla:mino);2-propanol dibydrochloride), phenosafranin, phenoxazine,
. phenothiazine, acriflavine (3;6-,dia;min0-1 0-methylacridinium, chloride and 3,6- A |
acridineidiamine), and salts thereof (e.g. chlorides, bromides, sulfates, lactates, gluconates);

methyiene blue, éety!. trihlethyl ammonium bromide, chlorhexidine, and benzalkonium chloride. A
| [0073] Anion exchange chromatography” refers to a process employing positive. chafges
covalently bound to a solid éurface for the surface of mediating fractionation among sample
components of different charge character such that aci'dic (electronegétive} contaminants tend to
bind to the positive charges, alkaline (electropositive) contarminants tend to be repelled from the
positive charges, aﬁ& uncharged or electroneuntral ﬁont&minants tend not to bind the poéitivc
charges. Selectivity of such systems is typically controlled by pH and conductivity, where
. binding typically becomes étmnger with increasing pH and/or decreasing salt concentration.
[6074] “Anion exchange membrane” or “eiectropoéitive-mem‘bmne” refers 1o a porous
membrane, the surface of which is dominated by positive charge. The membrane pores may
range ﬁ‘om 5 m or less to 1 micron or more. Membranes with pores smaller than 200 nm are
ﬁ‘equeﬁfly referred to as ultrafiltration membranes. while membranes with pores larger than 200
nm are frequently referred to as microfiltranion membranes. Electropositivity may be conferred
by chemical groups including ‘r‘)ut' not limited to weak anjoﬁ exchange groups like amino,
 ethylene diamino, diethylaminoethyl, polyallyiaminc, polybenzallylamine, polyethyleneimine;
strong anion exchange groups, such as quaternary amino groups; combined weak-strong
exchangers, such as polylysine, polyarginine, or Tris(2-aminoethyl)amine, diethylenetriamine,
triethylenetetramine, tetracthylenepentamine, polypropyleni_mine tetraamine, PAMAM
dendrimer (ethylenediamine core),. or any combinations of the foregoing. Secondary
functionalities that create a mixed chemical character on a positively charged membrane may -
consist of negatively or positively charged groups, hydrophobic groups, pi-pi bonding groups,
hydrogen-bonding groups, or metal-chelation groups. The secondary ﬁlnctionaliﬁes may exist on
the membrane surfaces as an inadvertent byproduct of the manufacturing materials or process by
which the particles are synthesized, or théy 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 milliequivalehts per mL.

[0675] ©  “Anion exchange particle” or “electropositive particle” refers to a porous or

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

crystalline, or ceramic structure, that may also incorporate features that allow them to be -

~ sequestered by means that do not involve or interfere with their ability to perform the methods
disclosed herein, but may provide some overall enh-ahcement Examples include but are not
hmited to features that confer low density that enables flotation, high density that enhances rapld
sedxmentatlon, and/or magnetism that enables their collection in a magnetic field. A
Electropositivity may be conferred by chemical groups including but not limited to weak anion
exchange groups like amino, ethylene diamino, diethylaminoethyl, polyallylamine, | -
polye{hyleneizrﬁne;‘ strong anion exchange groups, such as quaternary amino groups; combined
weak-strong eichangers, such as polylysine, polyarginine, or Tﬁs@»aminée&yl)anﬁne,
dietﬁylenetriamine, triethylenetetramine, tetracthylenepentamine, polypropylenimine tetraamine,

. PAMAM dendrimer (ethylenediamine core), or any cémbinations of the foregoing. Secondary
functionalities that create a mixed chemical character on a positively chargeé membrane may
consist of negatively or positively cha;cged groups, hydrophobic groups, pi-pi bonding groups,
hydrogen-bonding groups, or metal-chelation groups. The seco'ndarjr functionalifies 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 »
.coricentratién of secondary functionalities may range from less than lmilliequivalent per mL of
particles, to more than 100 milliequivalents per mL. _

{0076] “Electropesitive surface” refers to a surface of a substrate or solid material which is
dominated by positive charge. Electropositivity of 2 surface may be conferred by chemical '
groups including but not limited to weak anion exchange groups, like amino, ethylene diamino,
diethylaminoethyl, pdlyﬁllylamine, polyethyleneimine, strong anion exchange groups, such as
quaternary amino groups, combined weak-strong exchangers, such as polylysine, polyarginine,

| or Tris(2-aminoethyljamine, diethylenetriamine, triethylenetetramine, tetracthylenepentamine, .. .
polypropylenimine tetraamine, PAMAM dendrimer (ethylenediamine core), deferoxamine or any
combinations of the fore;going. Secondary functionalities that create a mixed chemical character
on a positively charged surface may consist of negaﬁvcly or positively charged groups,
hydrophobic groups, pi-pi bonding groups, hydrogen-bonding groups, or metal-chelation groups.
The secondary functionalities may exist on electropositive surfaces as an inadvertent byproduct

of the manufacturing materials or process by which the particles are synthesized, or they may be
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present by deliberate design. The concentration of secondary functionalities may range from less
than 1milliequivalent per mL of particles, to more than 100 milliequivalents per mL. |
[0677] “ Electronegatwe surface” refers to a surface of a substrate or solid material which is
donunated hy negative charge. Electronegatlwty of a surface may be conferred by chemical
groups including but not limited to so called weak cation exchangers, such as carboxyl,
aminocé.rboxyl (iminodiacetic or ni’niloacetic), or phosphoryl or sirong exchangers such as sulfo,
or sulfate moieties, SO3". Secondary functionalities that create a mixed chem'ic.:al character on a
negativély charged surface may consist of negatively or positively charged groups, hydrophobic
groups, pi-pi bonding groups, hydrogen-bonding groups, or metal-chelation groups. The
 secondary functionalities may exist on electronegative surfaces as an inadvertent bypro&uct of
the manufactuﬁn g 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 parucles to more than 100 mﬂheqmvalents per mL.
[0678] “Electroneoatwe erganic addmves” efers to an orcamc molecule, anion or salt of
natural or synthetic origin that bears at Jeast one negative charge a_nd may’ contain multiple
negative char;:,es. The electronegative organic additive may also bear positive charges but in such
cases will still retain a net negative charoe at under the operating conditions where it is
emploved Where the electroneoatzve orgamc additive is net negative it may be provided -
together with countenons {(anions) such as potassmm sodium, ammonium, or any other cation
not incompatible with the method. In some embodiments certain of the negative charges of the
electronegative organic additiveé are si;pplied by carboxyl, sulfo, or phsopho moieties. The
electronegative organic additive may additionally include hydrophobic residues, metal affinity
residues, hydrogen bonding residues, other functional moieties, and/or it fnay possess the ability
‘to participate. in other types of chemical interactions. Examples of negatively charged organic
multivalent ions in some embodiments incinde but are not limited to methyl blue and fatty acids,
including heptaneic acid, heptenoic acid, octanoic acid, octenoic acid, nonanoic acid, nonenoic
acid, decanoic acid, and salts thereof (e.g. sodium, potassium, ammomum.)
[0079] . “Ligand” or “surface-bound ligand” refers an assemblage consisting of oné OF more
chemical moieties or functionalities that bind to some other chemical entity. In some
embodiments, a ligand is immobilized on a surface with the intent of binding sample (protein

preparation) componeﬁts that contribute to formation or stabilization of aggregate. . A ligand may
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be fairly simple in composition, such as a negative charge, positive charge, or hydrophobic
group, or it may)bc of more complex construction, iﬁcluding two or more distinct components
that endow the ligand with the ability to bi;id"chen;ical entities through interactions that none 6f
the components are individually capable of. In addition, a given ligand may éinbddy ‘gﬁilﬁ_ie's to
interact with other entities through mechanisms other than its pfimary or dominant mechanism.

. For exémple, the metal affinity ligand iminodiacetic. acid contains two carboxy! groups that are
negatively charged under most operating conditions, and a nitrogén- group that can be positively
charged at low pH. In addition to embodying metal affinity, it can also interact with other
chemnical entities by electrostatic interactions and hydrogen bonding. The metal afﬁnity ligand
TREN, when immobilized on a surface, includes 2 primary amines, 1 secondary amine, and ]
tertiary amine. TREN as a whole can form a strong association with a metal dissolved in

. aqueous solution, while the individual amines can participate in electrostatic and/or hydrogen
bonds. o | S
{00801 - Metal affinity functionality” refers to the capacity of a chemical moiety, which may
be immobilized on a surface, to bind metal ions, and in soff;e embodiments, in a 1:1 fashion. -
Such moieties may have the éqpacity to form coqrdinétion bondé with a metal ion and ceﬁain
such moieties may be bidentate or multidentate in character. Nonlimiting examples of"-

~ electronegative moieties with this capability include iminodiacetic acid (2-

(carbpxymetthianﬁno) acetic acid) and nitriloacetic acid (2,2',2"-Nitrilotriacetic acid). An

example of an electropositive compound with this capability includes but is not limited to Tris(2-~

arﬁinoethyl)anﬁne or diethj/ieinen'iamine, triethylenetetramine, tetraethylenepentamine,

._.{pblyﬁropylenirrﬁne tetraamine, and'deferoxamine.

j0081}  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

ﬁlhctionaiity, thus rendering it multivalent. An éitcmative term for characterizing such ions is
multimodal organic ions. In some embodiments involving an organic multivalent ion, the at least.
one additional chemical ﬁmétionality is an additional charge such that the organic multivalent
ion bears two or rﬁore like or differing charges. The organic multivalent ion-may bear 4 net
positive, net negative, or net neutral charge where neutrality reflects the zwitterionic composition
of the organic multivalent ion. Where the organic multivalegt ion is net positive it may be

provicied together with anions such as chlorides, bromides, sulfates, organic acids, lactates,
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gluconates, and any other anion not incompatible with the method. In some embodiménts certain

of the positive chgrges of the organic multivalent ion are suppii'ed by amine, imine or other
nitrogen moieties. The organic multivalent ion may additionally be of nﬁxéd chemical character

‘and include hydrophobic residues, other functional moieties and/or it may possess the abﬁity to |

participate in other types of chemical interactions including, for exarhple, the ability to i
participate in hydrégcﬁ bc/mds,‘ hydrophobic interactions, pi-pi bonding, metal coordination, and
intercaia’tiou. Examples of positively charged organic multivalent ions in some embodiments
include but are not limited to the diamino acids, di-, tr1, or larger homo- or hetero-peptides, such

as polylysine, polyargi:nine, polyhistidine, polyornithine; polyethylenéimine; polyallylamine;

' pqudim‘ethrine, polymethylacryl anﬁdoprbpy]tﬁmeﬂlylammorﬁa; polydiallyldimethylammonia;
polyvinylbenzyltrimethylammonia; polyvinylguanidine; poly(N-ethyl-4-vinylpyridine; DEAE-
dextfan; DEAE-cellulose; cthacridine (‘CAS number 442-1 6-0; 7—eﬂ10xyacriﬁine~3 ,9-diamine);
ms(z-aminoethyl)arl.rxinei @anidine; chlorhexidine; alexidine; citricidal, protamine; 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 (profiavin), écrisarcin, actizane (pheﬁacridane), acridine ormée, quinacrine,
acricide, acridone, acridine-9-carboxylic acid, acranil (1-{(6-chloro-2-methoxy-9-
acridinyl)amino]-3~(diethylamino}-2-propanol dibydrochloride), phenosafranin, phenoxazine, .
phenothiazine, aicri-ﬂa\-fine (3,6-dtamino-10-methylacridinium, chioride and 3,6- |
acridineidiamine), and salts thereof (e.g. chlorides, bromides, sulfates, lactates, gluconates.)
Where the organic multivélent ion is net negative it may be provided together with cations such
as so&ium or potassium, or any. é;xher cation not incompatible with the method. In some
em‘aodimeﬁts certain of the negative charges of the organic multivalent i6n are supplied by
carboxyl, phospho, or sulfo moieties. The organic multivalent ion may additionally be of mixed
chemical character and include bydrophobic residues, other functional moieties and/oT it may
possess the ability to participate'in other typés of chemical interactions including, for exanipie,
the ability to participate in hydrogen bomis, hydroﬁho‘oic interactions, pi-pi bonding, metal
coordination, and intercalation. Examples of positively charged organic multivalent ions in some
embodiments include but are not limited to ethacridine, methylene blue, cetyl trimethyl

- ammonium bromide, cationi;: polymers, and salts thereof (e.g. chlorides, bromides, sulfates,

lactates, gluconates) . Examples of negatively charged organic multivalent ions in some
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\ embodiments include but are not limited to methyl blue and fatty acids, including heptanoic acid,
heptenoic acid, octanoic acid, octenoic acid, nonanoic acid, nonenoic acid, decanoic acid, and
salts thereof (e.g. sodium, potassium, ammonium.) .

[0082] “Polynucleotide” refers to a'biopolymer composed of muitipie nucleotide monomers’
covaiéntly bonded in a chain..DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are
examples of polynucleotides. Polynucleotides can have a high propensity for fozmﬁtioﬁ of
hydrogen bonds: »
0083} “Protein preparation” refers 1o 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 soly}tic_)n containing the protein of interest from a stagé of purification.
10084} “Substrate” or “Solid material” refers to an insoluble organic solid that may be
particulate, crystalline, poiymeric, fibrous, porous-hollow fibrous, monolithic, membranaceous,
in natur.e.. It may consist of non-porous or porous particles, a porous membrane, a porous filter,
or a porous monolith. If particulate, the particles may be roughly spherical or not, and may-be of
sizes ranging from less than 100 nm to more than 100 microns. The average pore size of poréus
paxﬁdies may range less than 10 nm (microporous) to more than 100 nm (macroporous). The
average pore size i membranes may mnge'from'less than 100 nm to more than 1 micron. 'fhe
average channel size in membranes or monoliths may range from less than 1 micron to more than
10 microns. The solid materiél may further consist of compound coﬁstmctions, for example in
which particles are embedded in a reticular matrix, sandwiched between membranes, or both.
[0085] “Supersaturated ureide” refers to a solution containing an amount of ureide in
excess of its maximum solubility under the conditions prevailing in a particular protein
preparation. In some embodiments, methods are provided a sample with a ureide present in an
amount greater than such ureide’s solubility in such sample under the conditions for such sample
- such that some fraction of such ureides is present in an undissolved form in the sample.

[0686] “Surfactant” includes “surface active agents” such as a class of organic molecules
that generally embody a hydrophobic portion and a bydrophilic portion, causing therm to be
referred to as ”amp]:ﬁpﬁilic‘. At sufficient concentrations in agueous 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 ontwards to maximize contract with

water, In the preéence of biological preparations, especially those containing materials that have
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.a hydrophobic character or possess-areas of hydrophobic character, the hydrophoblc portion of
qurfac‘cants tend to associate spontaneously with some portions of the hydrophoblc matenal and
- increase their solubility through the influence of the hydrophlhc portion of the surfactant They
may also beused to modulate hydrqphobm interactions that occur between differing hydrophobic
materials both dissolved in an aqueous églvenf. Examples of surfactants suitable for praoticing‘
methods disclosed herein include but are not limited to nonionic surfactants such as polysorbate
surfactants (e.g., Tween 20, Polyoxyethylene (20) sorbitan rﬁonolaurate, and Tween 80,
Polyoxyethylene (20) sbrbitan monooleate) and Triton (e.g., polyethylene glycol p-(1,1,3,3-
tetramethyibaty‘)whmﬁ ether), and zwitterionic surfactants such as CHAPS (3-[(3- '
Cholamidopropyl)dimethylacnmonio]-1-propanesulfonate), CHAPSO (3- [(o~choiam1dopropy1)
dzmethyiammomo} 2-hydroxy-1-propanesulfonate), and octyl glucoside (e g., (2R,35,45,5R,6R)-
. 2-(hydroxymethyl)-6-octoxyoxane-3,4,5-triol).
- [0087) “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, methods
are provided u:rel(ies such as urea, uric acid, hydantoin, allantoin (CAS number 97-5 9 6; alcioxa
aldioxa, hemocane, ureidohydantoin, S-ureidohydantoin, glyoxylureide, glyoxylic acid diureide,
2,5-dioxo-4~imidazolidinyl urea), purines, and deﬁvativcs thereof. In some embodiments,
methods are providéd organic molecules of the formula R-CO-NHﬂCO»‘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. |
{0088] “Virus” or “virion” refers to an ultramicroscopic (roughly 20 to 300 nm in -
‘diameter), metaboiically inert, infectious agent that replicates only within the celis of living
hosts, mainly bacteria, plants, and animals: compésed of an RNA or DNA core, a j;rotem coat,
and, in more complex types, a sun;ounding envelope.
[6089] In some embodiments, a useful starting point in the conditioning of an IgG-containing
cell culture harvest, with or without cells, is to add 1% allantoin toa éell-‘»csmaining or cell-free
cell culture supematant, followed by the addition of methylene blue; or ethacridine, or cetyl
trimethyl ammonium bromide at a final concentration of 0.025%. The mixture is incubated
stirming for 1-2 hours. Positively chargéci metal affinity particles such as BioWorks TREN high
“are equilibrated to roughly physioiogical conditions, which are genex;ally understood to represent

a pH of about 6.8-7.2, and a conductivity of 12 to 17 mS/cm. Equilibrated particles amounting to
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2-5% of the sample velume are added to the mixture and incubated stirring for 2-4 hours. Thc
solids are then removcd by an expedlent manner, such as cenmfugauon and/or ﬁltratxon, ‘
including- depth filtration. Where depth filtration may be used the depth filter may beat posmve
charges. In the case of IgG physzoiogzcai conductivity is most often sufﬁczent to prevent the loss
of IgG through binding to the particles, but it is to be understood that experimentation may be
required to determine the minimum conductivity required to prevent such binding. In the case of
IgM and other proteins, it may be necessary to substantially elevate the conductivity to prevent
losses at any given step of the process. With Ing’ it is frequently necessary to increase the
conductivity to 20 mS/em, or 25 mS/em, by addition of salt. With other protein species it may be
necessta;y to increase conductivity up to 30 mS/em or higher. Surprisingly, the method works
even at conductivity values more than 3 times higher than physiologicai conductivity, such as
about 45 mS/cm. In place of TREN particles, it may be of value to éxplore particles -
functionaiized‘with other types of ligands, or combinations of such particles, potentially
inciunding exampies su#h as Chelex 100, Macrorep High-S, and Macroprep High-Q. It will be
apparent to the person of ordi_nary Skili that a great variefy,of alternative materials may be used, -
including custom-synthesized particles, and that the best conditions for a given desired protein -
will requue specific experimentation.

[6096) In some embodiments, a useful staz'tmg point in the condxtmmna of an IGG—contammo
cell culture harvest, with or without cells, 1s to titrate the pH to 5.2, add 1% allantoin to a cell-
containing or cell-free cell culture supernatant, the;n add nonanoic acid to a final concentration of
0.3%. Experimental results indicated that nonanoic acid is supports the best overall results, but
other fatty acids may also be evaluated, such as heptanoic acid at 0.7%, octanoic acid 4 0.4%, .. .
and decanoic acia at 0.2%. Methyl blue may also be evaluated at 0.5%. The mixture is incubated
stirring for 1-2 hours, Positively charged metal affinity particies such as BioWorks TREN high
are equilibrated to pH 5.2 and a conductivity of 12 to 17 mS/em. Equilibrated particles

amounting to 2-5% of the samplé volume are added to the mixture and incubated stirring for 2-4
hours. Experimental data indicate that an excess of particles reduce the performance of the
method, as does ar‘llinsufﬁcieﬁt amount. Best regults are most often obtained at about 5%, but
amounts as small as 2% may support adequate results. The solids are then femgved by an
expedient manner, such as centrifugation and/or filiration, inciuding depth ﬁlffation. In some

embodiments, the particles may be packed in a column and the protein preparation passed
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through it. Where depth ﬁlﬁ‘atiqn-is be used, the dcpt‘u filter may Bear positive charges. In the
-~ case of IgG, physiological conductivity is most often sufficient fo prevént the loss 6f 1gG through
‘ -binding to the ‘part‘i'oles-, but it 15 to be understood that eXpe‘rimentatibﬁ'may be .requi'ré.d 0
determine the minimum conductivity required to preveﬁﬁ such binding. In place of TREN |
| particles, it may be of value to explore particles functionalized with other types of ligands, or
combinations of such particles, potentially including examples such as Chelex 100, Macrorep
High-S, and Macroprep High-Q. It will be apparent to the person of ordinary skill that a great
variety of alternative materials may be used, including custom-synthesized particiés, and that the
best conditions for a given desired protein will require specific experimentation.
{6091} In somé embodiments, a useful starting point in the conditioning of an 1gG-containing
cell culfurc harvest, is to add electropositive metal affinity particles in. an amount of 2-5% of the
~ sample volume, and incubate stirring for 2-4 hours. In such embodiments, the particles should be
' equiﬁbrated in advance to physiolog{cal conditions. In somé such embodiments, the disclosed
method can be conducted with chromatography marketed for metal affinity chfomafo graphy such
~ as BioWorks TREN high. After incubation, the particles are removed by any expedient method,
' optionally including depth filtration with electropositive filtration media. |
[6092] In some embodiments, a useful starting point in the conditioning of an IgG-containing
cell culture harvest, with or without cells, 1s to ac}d 1% allantoin to a ceﬂ»containing or cell-free
- ¢éll culture supernatant, then add ethacridine acid to a ﬁneﬁ concentration of 0.025%. Preliminary
exbezimental results indicated fixat‘ ethacridine acid is supports the best overall results, but other
electropositive organic ions, such as methylene blue and/or cetyl trimethyl ammonium offer
valuable utility at the same concentration. The mixture 1s incubated stirring for 1-2 hours.
Positively charged metal affinity particles such as BioWorks TREN high are eciuilibrated to
neutral pH and a conductivity of 12 to 17 mS/cm, alternatively, or optionally in combination
with, an electronegative solid subsfrate comprising hydrophobic moieties on a negati\;ely |
charged polymer particle, or negatively charged metal chelating moieties on 2 hydrophobic
polymcr. Equilibrated particles amounting to 2-5% of the sample volume are added to the
mixture and incubated sﬁm’ng for 2-4 hours. Experimental data indicate that an excess of
particles reduce the performance of the method, as does an insufficient amount. Best results are
most often obtained at about 5%, but amounts as small as 2% may support adequate ;esults. The

solids are then removed by an expedient manner, such as centrifugation and/or filtration,
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inciuding &epth filtration. In some embodiments, the particles may be packed in a column and
the protem preparatmn passed through it. Where depth filtration is.be used, the depth filter may
bear positive charges In the case of IgG, physiological conductw1ty is most often sufﬁcxent o
' prevent the joss of [ga thmugh bmdmg to the particles, but it is to be understood that
experimentation may be requxred to detenmne the minimum conductivity required to prevent
such binding. In place of TREN particles, it may be of value to explore particles functionalized
with other types of ligands, or combinations of such particles, potentially including examples
such as Chelex 100, Macrorep High-S, and Macroprep High-Q. It will be- apparent to the person
of ordinary skill that a great variety of alternative materials may be used, including custom-
éynthesized particles, and that the best conditions for z_i given desired protein will require specific
experimentation. / '
[6093] It will be recognized that because all of the disciosed conditioniﬁg methods are
directed specifically at reducing the chromatin content of an impure preparation of a desired
protem, and because the- .composition of chromatin 1s independent of the desired product, and
becausé chromatin derived from dead host cells is a ubiquitous contaminant of cell cultures, that
the disclosed methods are applicable to any desired protein produced in any cell culture process.
It is noteworthy that even microbial cells contain éhromat;.n~analogs that respond to the disclosed -
methods in the same way as mammalian cells. ' o
[6094] Itis w_ithin the experience of persons of ordinary skill to apply impure preparations
conditioned as described above to any of the commonly known adsorptive chromatography
ﬁethods employed for purification of proteins; including how to select appropriate
chromatography media, and how to customize conditions to a particular desired érotein.
{6095] Since the results obtained by using the methods disclosed herein are a function of
chemical processes, it is to be understood that all physical formats are capable of achieving
similar results, but may do so with different levels of efﬁ_ciency, different fluid volumes; and
different time intervals. It is within the purview of the person of ordinary skill to determine how
to adapt the process to accommodate columns packed with porous particles, or adsorptive

membrane units, or monoliths.

EXAMPLES

{0096] Example 1. Compézison of conditiqning methods. Ceil-bontaining harvest contaﬁuing
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abouf 1.2 g/L. of anti-HERZ2 monoclonal IgG was conditioned by 3 methods. The first consisted
of centrifugation followed by filtration through a 0.22 um membrane. The second consisted of
centrifugation followed by filtration through an anion éﬁchangé depth filter. The third consisted
of adding 1% allantoin (10 g) to a liter of harvast; followed by the addition of ethacridineto a
ﬁnal concentration of 0.025%. The mixmre was .iricubate& sﬁrring for 15 minutes then solids
were removed by filtration. Equal proportions of positively charged metal affinity pérticles .

~ (BioWorks TREN hi-sub), negatively charged metal affinity particles (Chciéx-l 00), and'
positively charged hydrophobic particles (Dowex AG1x2 400«-rnesh} were combiﬁed. 20 mL of
ﬂw particle mixture was packed into a 1.6 x 10 cm column, equilibrated to roughly physiological
conditions, and the sample passed over the column at a linear flow rate of 300 cm/hr. material

| coﬁditions by each of the 3 method was applied to a column of immobilized protein A (rAF
Protein A Toyopear! 650 M), washed with 1 M NaCl 200 mM histidine; pﬁ 6.7, then eluted with
100 mMAargin'ine, 100 mM acetate, pH 3.7. Host protein contamination in the first sample was
972 ppm of IgG; second, 76 ppm; third, less than 1 ppm |
[0097]  Example 2. Effects of conditioning method on dynamic binding capacity of protein
A. Cell culture supernatant produced by methods 1 and 3 from example 1 were applied to
separate protein A columns until IgG was detected in the column effluent. The amount of IgG
Bound to the column at the poijit of 5% breakthrqugh on mé,zerial conditioned by the first method
was about 27.3 mg/mL. The corresponding amount of material conditioned by the third method
was about 33.7 mg/mL. In a separate experiment using purified IgG to determine the theoretical
maximum dynamic binding capacity, 5% breakthrough was detecied at 34.0 mg/mlL. '
{0‘098] Example 3. Effect of different protein A products. Antibody conditioned by method 3 -
from example 1 was also applied to UNOsphere SuPrA a recombinant protein A, a recombinant
prbiein A, 'andAto-a column of MabSelect ‘Sﬁreg a recombinant derivative ‘form of protein A.
Whereas the rAF protein A Toyopeaﬂ reduced host protein to less than 1 iapm, the MabSelect
column reduced it to 7 ppm, and the UNOsphere to 11 ppm.
[0099] Example 4. Results from a follow-on polishing purification step. The purified
antibody containing less than 1 ppm from example 1 was applied to an anion exchange column
of UNOsphere Q, equilibrated with 50 mM Tris, pH 8.2, op‘erated-in void exclusion mode: No
‘host proteins were detgbtébl;- n the purified antibody. A compilation of data from other .

analytical methods and experiments revealed the following additional resuits. DNA was reduced
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by 5 logs at the conditioning step, 3 logs at the protein A step, and 3 logs a{ the anion eﬁcbange
step Minute virus of mice was reduced by 5 logs at the conditioning stcp, 3.5 logs at the protem
A step, and 3.5 logs at the anton exchange step. Murine leukerma vu'us was reduced by 4 logs at
- the conditioning step, 4.5 logs at the protein A step, and 4 logs at the anion exchange step. IgG
recovery was 99% at the conditioning step, 95% at the protein A stép, and 99% at the anion
exchange step for a total process recox}ery of 93%. This highlights another important benefit of
the integrated method since IgG vields across other conditioning-protein A-anion exchange
processes, are rarely better than 80%. '
[60106] Eiample 5. Comparison of adsorption chromatography methods, Cell-free harvest
containing 1.5 g/L of anti-HER2 monoclonal Igéi was con&itions by adding 1% allantoin then
reducing the pH to 5.2. Nonanoic acid was added to a final concentration of about 0.4% and
incubatéd stirring for 2 h. Bi‘oworks-TREN particles were equilibrated to 50 mM Hepes, 100 mM
NaCl, pH 7.0. Settled TREN particles were added to the preparation in an amount of 5% ‘(Volume
to volume; v:v), and the mixture was incubated stirring for 4 hours. Solids were removed by
depth filtration (Sartorius PC1). Host protein contamination was reducéd to 485 ppm of IgG,
representing greater than 99% reduction from 259,000 ppm. in the original harvest. DNA was |
reduced by 6 logs. A portion of the sample was cthbrated to 50 mM MES pH 6.0 and apphed
to a cation exchange chromatography column (POROS HXS, Life Technolocles) aqulhbrated 10
the same conditions, then eluted with an increasing NaCl gradient. Host protein contamination
was reduced to less than | ppm. Another portion of the sample was applied as-is to a mixed
mode hydrophobic cation exchange column (Merck-Millipore HCX)) equilibrated to 50 mM
phosphate, 100 mM NaCl, pH 7, and eluted with an increasing salt gradient. Host protein
contamination was reduced to less than 1 ppm. Another portion of the sample was applied as-is
to a protein A affinity chromatography column (AF -rProtéin A 650F, Tosoh Bioscience)
equilibrated to 50 mM phosphate, 100 mM NaCl, pH 7, and eluted with 100 mM acetic acid, pH
_3,54. Host protein contamination was reduced to Jess than 1 ppm. Another portion of the sample
was applied as-is to an anion exchange column of UNOsphere Q (Bio»Ra& Laboratoﬁesj
equilibrated 1o 50 mM Tris, pH 8.2, and operéted in void exclusion mode (Nian et al, supra),
Tosoh B1oscwnce) Host protein contamination in the void fraction was reduced to 6 ppm.
{00101} Exampie 6. An IgG-containing cell culture harvest containing 259,218 ppm host

protein contaminants and 21% aggregates was conditioned by addition of 1% allantoin, 0.4%
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caprylic acid, pH 5.2; incubated for 2 hours, following which electroéositive metal affinity
particles (TREN 40 high, Bio-Works) were added in an amount of 4%, and incubated mixing for
an additional 4 hours, then solids were removed through an electropositive depth filter (Sartorius
PC1). Host prdtcins were reduced to 308 ppm and aggregates to less tﬁan 0.05%. The tangential
“flow filtration subunit was set up with a polyethersulfone (PES-) membrane with an average pore
size-corresponding toa hypothetical globutar prdtein with a hydrodynamic diameter of 50 kDa
(Milliﬁore). A single adsorption chromato graphy subunit was set up with a strong anion _
© exchange monolith (CIM QA, BIA Separations). The conditioned harvest was concentrated to
about 20 mg/mL through theé ultrafiltration subunit with the adsorption chromatography unit off-
-line. The adsorption chromatography subunit was put in line with the tangential flow filtration
subunit, and the buffer was exchanged to 50 mM Tris, pH 8.0. When the buffer flowing through
the system reached the same pH and conductivity as the input buffer, the adsorption
chromatography subunit line was rinse:d and the IgG collected. Aggregates were reduced to less
than 0. 01% and host proteins were reduced to 11 ppm. -

[66102] Example 7. The conditioned harvest of Example 6 was applied to a system with the
same .tangennal flow filtration subunit, but the adsorption chromatography subunit was replaced
with a Sartobind Phenyl membrane adsorber (Sartonus) The conditioned harvest was
concentrated to about 20 mg/mI with no adsorption chromatography units in line. The phenyl
adsorption chromatography subunit was put in line and the buffer exchanged 16 50 mM HEPES,
1.7 M NaCl, pH 7.0. When the buffer flowing through the system reached the same pH and
conductivity as the input buffer, the phenyl adsorption chromatography subunit line was rinsed,
and the IgG collected. Aggregates were reduced to less than 0.01%and host proteins were
reduced to 9 ppm.

{00103} l. Example 8. The conditioned harvest of Example 6 was applied to a system with the
same tangential flow filtration subunit, and the same adsorption chromatography subumit, but an
additional adsorption chromatography sub}jixit' in the form of a Sartobind Phényl membrane A
adsorber (Sartorius). The conditioned harvest was concentrated to about 20 mg/mL with no
- adsorption chromatography units in line. The phenyl adsorption chromatography subunit was puft
. inline and the buffer exchanged to 50 mM HEPES, 1.7 M NaCl, pH 7.0. When the buffer
flowing throéugh the system reached the same pH and conductivity as the input buffer, the pheﬁyi

adsorption chromatography subunit line was rinsed, and switched off-line at the same time the
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QA monolith adsorption cﬁromatography subunit was put on line. The buffer waﬁ eichanged 10
50-mM Tris, pH 8.0. When the buffer ﬁowiﬁg through the éystem reached the same pH and
conductivity as the input buffer, the QA monolith‘adsdrption chromatography subunit line was
rinsed, and the IgG coliected. Aggregétes were reduced to less than 0.01% and host proteins
were reduced to 1 ppm.'

[66104] Example9. The experiment of Example 8 was conducted with the same materials
and conditions, except subétituting different anion exchange adsorption chromatography units in
place of the QA monolith. Substitution of a Sartobind Q membrane adsorber (Sartorius) resulted
in reduction of host protein to 1 ppm. Substitution of a salt tolerant interaction chromatography
membrane adsorber (Sartorius) resulted in reduction of host protein to 1 ppm. Substitution of a
DEAE (BIA Separations) resulted in reduction of host protein to 1 ppm. Substitution of an EDA .
~ monolith (BIA Separations) resulted in reductioh of host protein to 1 ppm. Aggregate levcléwere
r«:&ﬁccd to less than 0.01% in all eipeﬁments. . '.
[00105] Example 10. The experimental format of Example 8 was reproduced except setting
p the tangential flow filtration subunit with a ceiluioé& membrane with a membrane with an
average pore size corresponding to a hypothetical globular protein with a hydrodynamic diameter
of 30 kDa (Millipore). The phenyl adsorption chromatography subunit was the same. Host
protein contamination in the purified IgG was reduced to 2 ppm. Aggregates were less than
0.01% | | -

[006106] Example 11. The experimental framework of Example 9 was reproduced except
including a second adsorption chromato oraphy subunit in the form of an EDA monolith. The
system was run as in example 9. Host protein was undetéctabie.‘ Aggregates were less than
0.01%. | A

[00107] Exalﬁple 12. An IgG-containing cell culture harvest containing 243,997 ppm host

~ protein contaminants and 24% aggregates was conditioned by addition o-f 1% allantoin, 0.4%
caprylic acid, pH 5.2; incubated for 2 hours, following which electropositive metal affinity
partiélcs (TREN 40 high, Bio-Works) were added in an amount of 4%, and incubated mixing for
an additional 4 hours, then solids were removed through an electroposi‘give depth filter (Sartorius
APCI). Host proteins were reduced t0 305 ppmo and aggregates to less than 0.05%. The antibody
was Turther purified by cation exchange chromatography, reducing the host protein to 5 ppm,

which was applied to a version of the disclosed apparatus with the tangential flow filtration
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subunit with a cellulose membrane with an average pore size corresponding to a hypothetical
. globular prétein with a hydrodynamic diameter of 30 kDa (Millipore), and a single adsorption
‘chromatography subunit with a strong anion exchange monolith (CIM QA, BIA Sepafations). ‘
Host protein was undetectable. Aggregates were léss than 0.01%. . _
[00108] Example 13. An IgG-containing cell culture harvest containing 243,997 ppm host
protein contaminants and 24% aggregates was conditioned by addition of 1% allantoin, 0.4%
caprylic acid, pH 5.6; incubated for 2 hours, following which electropositive metal affinity
particles (TREN 40 high, Bio-Works) were added m an amount of 4%, and incubated mixing for
an additional 4 hours, then solids were removed through an electropositive depth filter (Sartoﬁus
PC1). Host proteins were reduced to 3,551 ppm and aggregates to less than 0.5%. The antibody
was further purified by precipitation with 1.8 M ammonium sulphate, reducing the host protein
to 1,423 ppm, which was applied to a version of the disclosed apparatus with the tangentia] flow
filtration subunit with a PES membrane with an average pore size corresponding to a
hypothetical globular protein with a hydrodynamic diameter of 50 kDa (Millipore), and a single
adsorption chromatography subunit with a strong anion exchange monolith (CIM QA, BIA
Separations).-Host protein was undetectable was reduced to 12 ppm. Aggregates were less than
0.05%. | |
[00109] Example 14. 1 L of cell culture harvest containing about 1 g/L of an IgG monocional -
| antibody specific for HER2 antigen was treated with 1% allantoin. Conductivity wés about 13.
mS/cm and pH was about 6.8. The additives bad the effect of accelerating sedimentation. Solid
materials were removed by ﬁitratioﬁ, leaving a sparking clear antibody-containing filtrate.
Antibody recovery was 99%. 20 mL of BioWorks TREN hi-sub, an agarose porous pérticlem
based electropositive métal affinity material was packed mm a column (1.6 x 10 cm) and
equilibrated to 50 mM Hepes, 150 mM NaCl, pH 7.0. The clarified filtrate was passed through the -
column at a linear flow rate of 200 cm/hr. The 6rig&nal harvest c_(mtained more than 20%
aggregates, particularly containing at 1éast 10% so-called high molecular weight aggregates. The
treated sample contained less than 0.05% high molecular weight aggregates and less than 4% fotal
aggregates. DNA as measure by fluorescent dye assay was reduced by greater than 98%, but
gPCR indicated that reduction was actually greater than 99.999%. Histone ﬁroteins were reduced
by at least 98% and general host protein levels, as measured by Cygnus ELISA was reduced by
62%. Antibody recover was 99%. '
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[06110] Example 15. The procedure of example 14 was fepeated except substitutiﬁg TREN for
a 1:1 mixture of TREN plus Dowex AG1x2, a hydrophobic electroposiﬁve particulate material. .
All results were néminally the same, except that antibody recovery was reduced to 95% and
analytical size exciusion bhromato graphy showed that two strongly hydrophobic contaminants
evident after Example 15, were eliminated. ' _
[00111] It will be apparent to a person of skill in the art that the metho:ds can be applied with
valuable benefits to any affinity chromatography method and any desired protein that can be
purified by an affinity chromatography method. Techniques suited to the methods particularly
include those with the word affinity in their name, such é,s immunoaffinity, biological affinity, |
bioaffinity, psendobioaffinity, and biomimetic affinity. '
[00112] The-metho&s disclosed herein may be combined with other purification methods to
achieve higher ievels of purification. Examples of such o‘ther pilriﬁcation methods include, but
| are not limited to other methods commonly used for purification of proteins, such as anion
exchange chromatography, cation e){cbange chromatography, hydrophobic interaction
chromatography, immobilized metal affinity chrofnato graphy, and additional mixed mode
chromatography methods. 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 methods
disclosed herein to achieve the necessary purification of a particular antibédy.
00113} Al referénceé cited herein are incorporated by reference in their entirety and for all
purposes to the same extent as if each individual publication or patent or patent'application was
specifically and individually indicated to be inecorporated by reference in its entirety for all
purposes. To the extent publications and patents or patent applications incorporated by reféreﬁce '
contradict the disclosure contained in the specification, the specification is intended fo-supersede
and/or take precedence over any such contradictory material.
{00114]\ Al numbers expreséing quantities 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 nurmerical 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 methods disclosed herein. .
[66115] Many modifications and variafcions of methods disclosed herein can be made without

departing from its spirit and scopé, as will be apparent to those skilled in the art. The specific
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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 true scope and spirit of the methods disclosed herein being indicated by

the following claims.
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WHAT IS CLAIMED IS:

1. A method for the purification of at least one desired protein from a protein preparation
comprising the steps of (i) conditioning an impure protein preparation by contacting it with
allantoin which is present in a supersaturating amount at a concentration range from 0.6 to
50%, a soluble electronegative organic multivalent ion selected from the group consisting of
nonanoic acid, nonenoic acid, heptanoic acid, heptenoic acid, octanoic acid octenoic acid,
decanoic acid and caprylic acid, and at least one surface immobilized multivalent organic ion
selected from the group consisting of tris(2- aminoethyl)amine, diethylenetriamine,
triethylenetetramine, tetrasthylenepentamine, polypropylenimine tetramine, PAMAM
dendrimer (ethylenediamine core), deferoxamine, and a quaternary amino group, and
subsequently removing solids with the result of removing at least 95% of chromatin; then (i1)
applying the conditioned protein preparation, optionally after a buffer equilibration step, to an

adsorptive chromatography medium for purification of the desired protein.

2. The method of claim 1, step (i), wherein the at least one surface immobilized

multivalent organic ion comprises Tris(2-aminoethyl) amine or a derivative thereof.

3. The method of claim 1, step (i) wherein the soluble electronegative organic
multivalent ion is present in a concentration range selected from the group of 0.20% to 0.5%,

0.1% to 1%, and 0.05% to 5% (v/v%).

4, The method of claim 1, step (i), wherein the allantoin is present in an amount in a
range selected from the group consisting of 0.7 to 20%, 0.8 to 10%, 0.9 to 5%, 1 to 2%

(v/v%), and an intermediate value,

ol

S, The method of claim 1, step (i), wherein the conditioning comprises combining the
impure protein preparation with allantoin and the soluble electronegative organic multivalent
ion, followed by an incubation step, then addition of the at least one surface immobilized

multivalent organic ion, followed by an incubation step.

6. The method of claim (1), step (i), wherein the conditioning is performed under
conditions comprising a conductivity greater than 20 mS/cm that substantially prevents the
co-precipitation of the desired protein with the soluble electronegative organic multivalent
ion, or substantially prevent binding of the desired protein to the surface immobilized

multivalent organic ion, or both.



7. The method of claim 1, step (i), wherein the removal of solids is accomplished by
centrifugation, filtration, or both, where the filtration may be accomplished by filtration on an

electropositive filtration medium.

8. The method of claim 1, step (ii), wherein the adsorbent chromatography medium to
which the conditioned preparation is applied is one selected from the group consisting of a
biological affinity chromatography medium, a protein A affinity chromatography medium, a
synthetic affinity chromatography medium, a cation exchange chromatography medium, an
anion exchange chromatography medium, a hydrophobic interaction chromatography

medium, and & multimodal chromatography medium.

9. The method of claim 1, step (ii), wherein the adsorbent chromatography medium to
which the conditioned preparation is applied is one selected from the group consisting of a
monolith, a membrane, a plurality of fluidized particles, and a plurality of particles packed in

a column.

10.  The method of claim 1, step (ii), wherein the conditioned preparation is equilibrated
to a pH and conductivity to render the chemical conditions suitable for practice of a given

chromatography method.

11. The method of claim 1, wherein the desired protein, after steps (i) and (ii) is further

purified by an additional fractionation method.

12. The method of claim 1, wherein the impure preparation containing the desired protein

is a cell culture harvest, that is cell-free or contains cells.

13, The method of claim 1, wherein the soluble electronegative organic multivalent ion
comprises caprylic acid and the at least one surface immobilized multivalent organic ion

comprises Tris(2-aminoethyl) amine or a derivative thereof.

14, The method of claim 1, wherein the soluble electronegative organic multivalent ion
comprises nonanoic acid and the at least one surface immobilized multivalent organic ion

comprises Tris(2-aminoethyl) amine or a derivative thereof.

15, The method of claim 1, wherein the soluble electronegative organic multivalent ion
comprises caprylic acid and the at least one surface immobilized multivalent organic ion

comprises a quaternary amino group.
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16.  The method of claim 1, wherein the soluble electronegative organic multivalent ion

comprises nonanoic acid and the at least one surface immobilized multivalent organic ion

comprises a quaternary amino group.

17.  The method of claim 15 or 16, wherein the quaternary amino group comprises a

trimethyl benzylammonium group.
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