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- PROTEIN PURIFICATION METHODS

' STATEMENT OF RELATED APPLICATION

[6001] This application claims priority to U.S. Prévisional Appiicatidn Nos. 61/761,646,
- filed February 6, 2013, 61/764,966, filed 'February 14, 2013, 61/831,0_99, filed June 4, 2013,
61/859,772, filed July 29, 2013, and 61/907,877, filed November 22, 2013, each of which is

incorporated herein by :efefenc_:g in its entirety.
. BACKGROUND

0002] Purification .of recombinant proteins commonly begins with a clarification step in
which cells and debris are removed so that the femairﬁng supernatant can be prbcessed by

.- methods that would be hampéfed or rendered iheffe‘ctive by the preéence,of celis and debris.
Their removal commonly iﬁvolves Iﬁhysical methods ‘suéh as cc;ntﬂﬁlgation and microfiltration. It
*sometimes involves the use of membrane or depth filters with anion exchange capabilities, or the
addition of anion exchange polymers or. partlcles directly to the antlbody—contammg harvest ‘

‘ (Gagnon, P., Purzf cation Tools for Monoclonal Antzbodzes Valzdated Bzosyslems Tucson, 1996;
Kuczewski, M,. ef al Biopharm an 23 (3) (2010} 20-25; Kuczewsh M., et al, Biotechnol. J., 6
(2011)'56-65). Gan et al (J. Chromatography A-191 (2013) 33- 40) have recenﬂy indicated that
targeted removal of chromatin catabolites with soluble and insoluble forms of multivalent orgamc
ions supports eSpemally effective conditioning of cell culture harvests. Physical clarification
methods typlcally achieve no significant chromatin red\;ctlpn. Addmg amon exchange particles to
the harvest typically removes about half of the DNA. Some 6f the methods described by Gan et al
(supra) remove 99% of chromatin, and may accurately be referred to as chromatin-djrected

- clarification methods.

[0003] ’Puriﬁcatioh of proteins by precipitation with 'polyethylene glycol (PEG) has been
: described_.’lt 1s @piéaﬂy performed asan ‘aquééus phasei‘ technique, where PEG is dissolved in an L
- aqueous pr;)téin p'repa,rationl and causes the prbtein to precipitatei from that solution. The size and .

cdncentratioﬁ of PEG are known pﬁo’ceSs variables, as is pH (Gagnon1996 supra; D. Atha, K., et

al, J. Biol. Chem., 256 (1981) 12108-12117; U.S. Patent Application Publication No. |
» 2008/0214795, cach of which are incofporated herein by reference, The closer the operating pH to



the isoelectric point of the antibody, the lower the concentration of PEG required to achieve
precipitation. It has been indicated that the concentration of non- protein-precipitating salts such
as sodium chloride (NaCl) has little significant effect on selectivity (Atha ef al supra), but the
technique has been carried out in the presence of NaCl at concentrations up to about 1.7 M (10%,
Gervais et al., U.S. Patent Application Publication No. 2010/0204455). It has also been
demonstrated that PEG-mediated steric exclusion chromatography achieves higher IgG recovery
and lower contaminant levels when PEG is combined with elevated concentrations of NaCl, and
further noted that it largely suspends the influence of pH (P. Gagnon et al, J. Chromatogr. A
1324 (2014) 171-180). Combining PEG with the protein-precipitating salt sodium phosphate has been
described (Gervais, supra; US Patent Nos. 4,379,086 and 4,515,776).

[0004] Removal of residual PEG after the precipitate is re-solubilized is a major challenge
for the technique. Kuczewski et al supra removed it by performing cation exchange
chromatography under conditions where IgG bound to the cation exchange column while the PEG
flowed through. PEG removal is otherwise complicated by the fact that it occupies the same range
of sizes, measured as hydrodynamic radius or diameter, as the proteins it is used to precipitate.
This disqualifies the standard methods of size exclusion chromatography, dialysis, and
diafiltration for PEG removal. Anion exchange chromatography in flow-through mode, as widely
practiced with IgG monoclonal antibodies, is also unsuitable because the PEG flows through with
the antibody.

SUMMARY
In one aspect, the present invention provides for methods for the purification of a desired protein
from a protein preparation comprising conditioning the protein preparation by treatment with
soluble organic multivalent ions, immobilized organic multivalent ions, or both, optionally in the
presence of supersaturated allantoin, thereby removing at least 90% of chromatin, then (1)
precipitating the desired protein with polyethylene glycol (PEG) in the presence of non-protein-
precipitating salts at greater than physiological concentration to provide a precipitate of the
desired protein, or (2) precipitating the desired protein with the polyethylene glycol in the
absence of non-precipitating salts at greater than physiological concentration to provide a

precipitate and subsequently washing the precipitate with the polyethylene glycol in the
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presence of non—protein-preéipitating salts at greater than physiological concentration, wherein
the precipitating or washing step is optionally carried out in the éubstantia_l absence of a protein- '
precipitating salt, and optionally without adjustiﬁé’ ‘the pH of'the dééﬁed protein to a value within
0.5.§H units of the isoelectric point of the desired protein; and optionallsr washing the precipitate
'with a prdtein—prepipitating salt in the absence of a non-ionic organic polymer, wherc in the
precipitéting salt is present at a sufficient concentration to keep the desired pfotein ma

- precipitated state.
'DETAILED DESCRIPTION

. [0005]  Ithas been discovered that condi‘fioning of an antibody-containing pro'tein préparation
by exposure fo soluble orgamc multivalent ions and/or orgamc multlvalent ions immobilized on
a sohd surface under condmons where 90% or more of chromatin and chromatin catabolites are-
| removed but the antxbody remains soluble enhances the ability of fractionation by PEG
precipitation to an uncxpectedly ljugh degree. By way of 111ustratlop, where the conditioning step -
reduces contamination from host proteins by a factor 6f 30-70%, it surprisingly increases the
- ability of a subsequent PEG prempltatlon step to further reduce host protem contamination by
'400 500% or more, pamcularly if the prempxtatmg formula also contains an excess of non-'
precipitating salltsT This highlights the important point that chromatin-directed clarification
methods do not aid subsequent puriﬁcatidn merely by reducing the gross contaminant load, but by
removing contéminants that interfere with a subsequent purification sfep. It has also been
_ observéd that the presence during precipitatiqn of salts at concentrations greater than normal
,pﬁysiologiéai levels dramatically réduces', and in some cases virtually nullifies, the need to adjust
opereiting pH to, or close fo, the isoelectric point of the desired proteih. Washing the precibitated
" desired protein with a final wash comprising a protein-precipitating salt at a concentration adequate 0
| keep the protein precipitatéd, but lacking PEG, provides the further benefit of removing PEG prior to re-
solubilizing the desired protein. Various combinations of these features remarkably enable
combination'sof a conditioning éfcep and a precipitating step to.reduce host cell contaminaﬁon
- below. lévels acﬁieved by ]:ugh functioning methods such as bioaffinity chromatégraphy In turn,
- this permits the disclosed methods to achieve a level of purification sufficient to support in vivo
| use of the purified desired protem with only a single additional fractionation step after

. resolubilizing the antibody. Experimental data demonstrate that the integrated method is broadly
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”applicable to IgG and IgM antibodies. Its ability o effectively purify IgM antibodies indicates its
applicability to purification of non-antibody protems Aspects of the methods disclosed herein are .

' used in connec‘uon with methods disclosed in International Patent Apphcatlon Nos. WO

_ 2013 1 80650, WO 2013180649, and WO 2_013180655, each of WhJCh is incorporated herein by

‘reference in its entirety.

~ [0006] Inoneor more embodiments, conditioning fhe protein preparation with organic
multivalent ions comprises contacting the sample with an elnec'tro;.)ositive organic additive. Tn
some such embodiments, the.electropositive orgamc additive comprises at least one selected
from the group consisting of ethacndme methylene blue, cetyltnmethylammomum bromide. In
some such. embodiments, the concentration of such a species, or aggregate concentration of a
* combination of bspecies is in the range of 0.001 to 1%, or 0.01 t0 0.1%, or 0.02 to 0.05%. In sorﬁe
.such embodiments the’ pH of the preparation may be adJusted up to an alkaline value that does
" not cause s1gn1ﬁcant reductlon of recovery of the de51red protein. In one such embodiment where _
the desired protein is an IgG monoclonal antibody, the pH may be adjusted up to a pH value a
half pH uriit below the antibody isoelectric point, or\higher if experimental results indicate that
an_tibody fecovery i$ acceptable, but-such adju.stmente' are not hecessary. To the extent that any
pH adjustmeﬁt is made in the presenee of elevated salt concentrations, a pH value within about
0.5 to about 1.0 pH units of the protein isoelectric point will suffice, or within about 1.5 pH

units, or within about 2.0 pH units.

[0007] | In ene or more of the preeeding embodiments, conditioning the protein preparation
with organic multivalent ions comprises contacting the sampie with an electronegative organic
additive. In some such embodiments, the electronegative organic additive comi‘:irises at least ene
selected from the group‘consi‘sting of heptanoic acid, octanoic acid, octenoic acid, nonanoic-acid,
nonenoic acid, decanoic acid, me‘chyl blue. In some such embodunents the concentration of such
a specxes or total concentration of a combination of species is in the. range of 0.001 to 10%, or
0.01 to 1%, or 0.1 to 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
desired protein. In some such embodiments, the pH of the preparation may be adjusted to the
fange of 3.5 10 6.5,‘ 4.0106.0,4.510 5.5, 5.0 t0 5.3, 5.15 t0 5.25, or 5.2, or another intermediate

value.
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[0008] In one or more of the preceding embodiments, electropositive multivalent organic
ions and electronegative multxvalent organic ions may be employed to condition a preparation. In
some such embodiments, an eIectrop031t1ve multzvalent organic ion is contactcd with the-
~.preparation in advance of the electronegative multivalent orgamc ion. In some such
embodiments the electropositive multivalent organic ion is cetyltrimethylammonium at a
concentration of about 0.01% and the electronegative multivalent organic multivalent ion is
nonar;oic acid at a céncentration of abouf 0.4%. In sbme such embodiments, about 1% to about
2% allantoin -may be present.at any stage of the condifioning In some such ‘embddiments the
aggregate content of the conditioned preparatxon is lower by a factor of about 3 to 4 than in

.preparatlons where the electronegatxve multwalent vrganic jon is added first.

[0009] In one or more of the preceding embodiménts, conditioning the prbtein preparation
with drga’nic multivalent jons cémpn'ses contacting the sample with undissolved allantoin. In
- some such~c¥nb6di1hents, the adcied allantoin resident m a protein préparation may amount to
 about 0.6% to 50%, or 0.7 to 20%, or 0,8 t0 10%; or 0.9 to 5%, or 1 o 2%, or an intermediate

value,

[0010]  In one or more of the preceding embodiments, conditioning the protein preparation
with organic multivalent i xons comprises contacting the sample with a nonionic or zwitterionic

surfactant at a concentration lower than 1ts om’ucal micelle concentratlon

[001 1] " In one or more of the preceding embodimeﬁts, conditioninc of the protein preparation
* with organic multivalent ions comprises (i) providing a first component whlch is a first solid
substrate having an electronegative surface; (it) contactmg the protein preparatxon with the first
_component, wherein the operating conditions substantially prevent the binding of the desued
protein 1o the first component; and (111) separannc the desired protein with a reduced chromatin
content from the first component. In some such embodunents the ﬁrst electmnegatwe surface

may be accompamed by a second electronegatlve surface.

[0012]  Inone or more of the preceding embodiments, conditioning of the protein preparation
with organic multivalent ions comprises (i) providing a first 'éo'mponent which is a first solid
substrate having an electropositive surface; (ii) 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 component; and (iii) separating the desired protein with a reduced chromatin
content from the first component, In some such. embod1ments the first electropositive surface
'bears residues of 2(aminoethyl)amine. In some. such embodiments, the first electroposmve

surface may be accompamed by a second electroposmve surface.

[0013] Inoneor r_nore of the preceding embodiments, conditioning of the protein preparation
with organic multivalent ions comprises (i) providing a ﬁrst.component which is a first solid
substrate havmg an electropos1t1ve surface; (i) provxdmg a second component whichis a second :
L solid substrate havmg an electroneoauve surface; (1ii) contacting the protein preparation with the
first and second components wherein the ﬁrst and second components are configured such that |
the protein preparation may contact both components s1multaneously, wherein the operatmg
-conditions substanually prevent the bmdmg of the desired protein to the first or secorid
components; and (iv) separating the desired ; protein with a reduced chromatin content from the

first and second components. In some such embodiments, the first electropositive surface bears -

- residues of 2(arninoethy1)amifne. ‘

[0014] In.one or more of the preeeding embodiments, conditioning of the protein preparation
with organic multivalent ions comprises (i) contaeting the protein preparation with at least one
solid surface comprising at least one suxface~bound ligand capable of 'binding a meétal, wherein the
surface-bound higand capable of binding a metal is initially substantially devoid of a metal,
wherein operating condmons are selected to substantially prevent the binding of the de31red

.' protein _to the at least one solid surface and (ii) separating the protein preéparation from the at least

one surface-bound ligand.

[0015]  In one or more of the preceding embodiments, a protein preparation already treated
with a soluble electroposmve or electronegatlve organic additive and/or a solid surface bearmg an
electronegative, electropos1t1ve or metal affinity ligand, may be subsequenﬂy flowed through a

device, the fluid-contact surface of which compnses posmve charges.

)

[0016] In one embodlment illustrating apphcauon of a chromatin-directed clarification
method, allantoin is added 1o a cell culture harvest in an amount of 1% (v/v). The cell culture may
contam cells or the cells may.preyiously have been removed, Methylene blue is added to a

concentratlon of 0.025% (wiv). Alternatwely, ethacmdme may be added to a concentration of
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0.025%. Alternatively, 0.025% ce{yltﬁmeihylammonium bror_nide may be added to a
conceﬁtration 0f 0.025%. Altematixfély, a combination of these or other electropositive organic
additives may be used at an combined concentratxon of 0. 025% The mixture is then mcubated
stirring for 2 hours. Particles bearing the electroposztlve metal afﬁmty hgand 2(aminoethyl)amine
(TREN) are added in an amount of 2-5% v:v. The mixture is incubated stirring for 4 hous then

| the sohds are removed by any expedient means. The remaining solution containing the desired
protem may be optlonally flowed through a depth filter bearing positive charges on its ﬂu1d

‘contact surface

[0017]  Inanother embodiment illustrating application of a chromatin-directed clarification
'm'éthod, aliantpin is added to a cell culture harvest in an amount of 1% (v/v) . The c’_eli culture may
“contain cells, or the cells may previously have been removed. 0.6% heptanoic acid is added.

' Altemativély 0.4% octanoic acid is added. Alternatively 0.3% pelargonic acid is added.
Alterﬁatively 0.2% capric acid is added. Altemaﬁvely,'O.S% methyl blue is added. Alfématively,' a
combination of these or other electronegative organic additives may be used. The mixture is then
‘incub ated stirring for 2 ho%;rsi Particles bearing t_hé electroposilﬁve metal affinity Yigand
2(aminoethyl)amine (TREN) are added in an amount of 2-5% v:v. The mixture islincubated

~mixing for 4 hours then the soﬁds removed by any 'éxpedient method. The remaining solution
containing the desired protein may be optior_xé;ﬂy’ flowed thfqugh a depth filter bearing positive

charges on its fluid contact surface.

{0018} | In one or mote of the previoué gmbodirriénts, salt mﬁy be added to a clarification

. mixture to prevent loss of the desired protein through excessive interactions with a scﬂuble or
insoluble multivalent organic ion. In some such émbodiments, NaCl may be added to increase
conductivity to a level corresponding to about 200 mM, with a rbugh conductivity equivalent of
about 20 mS/cm, for the purpose of preventing an IgM antibody or non-antibody protein from |
binding to components of a chromatin-directed clariﬁcatién system. In other such embodiments, |
‘the NaCl concentration -may be elcvated to a greater or lesser degree to accommodate a particular

‘ recomﬁinant protein. Appropﬁate salt concentrations for Aaccommodating any pérticular protein

_ ‘can be quickly and easily estirhét_ed by applying a sampie of the desired protein to a‘cation

.exchaixger or an anion exchanger, eluting them with an increasing salt gradient, détermim'ng the
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conductivity at the center of the desired protein peak, then using that conductivity value for the

clarification process.

[0019]  Inone or more of the preceding embodiments, the nonionic organic polymer used to

precipitate the desired protein compriées polyethylene glycol.

[0020]) . Inoneor more of the previous embodiments, the PEG may be of an average size of 8
kDa, or 6 kDa, or 4kDa, or 3 kDa, or2 kDa or an mtermedzate size. It. wﬂl be understood by the -
person of skill in the art that the smaller the PEG, the hlgher the concentration required to achieve

the same effect as alarger polymer. ,

[0021] = In one or more of the previous embodiments, the nonionic organic polymer used to
mediate precipitation may be a species other than PEG, for example polypropylenc glycol,

polyvmylpyrrohdone, dextran, cellulose, or other polymers

' [OOZZ]V In one or more of the prcceding embodiments, the non;;‘)rdtein—precipitating salt
combined with the nonionic organic polymer is sodium chloride with a conductivity in a range
selected from the group consisting of (i) about 50 mS/cm to about 100 mS/cm; (i) about 16
mS/cm to about 200 mS/cm, (iii) a cdnductivity greater than 160 mS/cm. For aqueous solutions
of NaCi, 16 mS/cm corresponds.to a NaCl.-cohcentration of about 160 mM, 50 mS/cm
corresponds roughly to 600 mM, 160 mS/cm corresponds roughly to a.concentration of about 2
_ MNaCl, and 200 mS/cm corresponds roughly to about 2 5 M NaCl. The disclosed methods may
be practzced at NaCl concentration up to saturation, which occurs at slightly hlgher than SM,
while a beneﬂcml working range may generally be from about 0.5 to 1.5 M. Accurate
conduct1y1ty measurements will be confounded by the presence of nonionic organic polymers,
~which depress apparent conductivity values with increasing polymer conccntfation and polymier
size. Accurate coﬁduétiviiy measurements méy be further confounded by poor linearity of some
-conductivity—monftoﬂng devices. Accordingly, to the extent that conductivity is used as an index
of salt concentration, thé suggested conductivity values are understood to represent aqueous
solutions lacking non-ionic ofganic polymers, and ’méaéurgd by devices that support linear

accuracy.
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[0023] = Inone or more of the preceding embodiments, mathods employ a non-protein-
p;ecipitatin_g salt characterizéd by having'a conductivi{y of the saltin a fange of from about 16
mS/cm to about ZOO'mS/cfn. For reference, the cdndﬁctivi_ty Q_f a ‘physiological solution is about
' 1”2~1 5 mS/cm, so the specification of 16-160 is intended to if_xdicate,conductivities and

corresponding salt concentrations greater than normal physiological levels.

. [0024] In one or mofe of the preceding' embodiments, nonidnic oi-ganic polymcr precipitation
methods employ a non-precipitating salt charactenzed by having a conduotlvny of thesaltina

' range from about 20 to 140 mS/cm.

[0025] In one or more of the precedihg embodiments, ‘nonionic orgariic polymer precipitation

. methods employ a non-prec1p1tat1ng salt charactenzed by having a conducthlty of the saltin a

B  range from about 5010 120 mS/cm

: .‘[0026] - Inone or‘m‘ore of the preceding embodime’ﬁts nonionic organic polyiner precipitation
methods employ a non-precipitating salt characterized by havmg a conductivity of the salt ina

range from about 60 to 100 mS/cm

[0027) * In one or more of the preceding embodiments, nonionic organic polymer precipitation
methods employ a non-precipitating salt characterized by havihg a conductivity of the saltina

range from about 80.to 120 mS/cm.

[0028]  Inoneor more 'of' the preceding embodiments, a non-protein-precipitating salt is
selected from the group consisting of sodium chloride, potassium chloride, sodium acetate,
potassium acetate; sodium thiocyanafe, potassium thiocyanate, and guanidine chloride, and

" combinations.thereof.

[0029] In one or more of the preceding embodiments, more than one non-protein-
‘precipitating salt may be present and the aggregate cbnductivity of the combined non-protein-

precipitating salts may be in a range of from about 16 mS/em to about 200 mS/cm.

[0030] In one or more of the preceding embodiments, the concentration of non-protein-

precipitating salts is nominally constant during the precipitating and washing steps.
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- [0031]  In one or more of the preoe_ding embodimenis, after precipitation, the precipitate is
washed with a solution comprising nominally the same concentration of nonionic organic
. polymer and non-precipitating salt, and pH, as the solution in.which the desired protein was-

initially precipitated.

[0032]  Inone or more of the preceding embodiments, after precipitation, the precipitate is
Washed with a solution comprising a precipitating salt at a concentration sufficient to maintain
the desired product in a precipitated state, and the solution nominally lacks nonionic organic
polymer. In a related embodiment, the precipitate may be washed again with a solution -
_comprising a precipitating salt at a concentration sufficient to maintain the precipitate in a
- precipitated state, and the solution nominally lacks noniooic organic polymer. In a related
‘embodiment, “after preczpztanon and after the precipitate has been washed with a solution
containing a nonionic organic polymer and a non—precxpxtatmo salt, the precipitate is. further
washed with a solution compnsmg a precnpltatmg salt at a concentration. sufﬁcwnt to maintain
the desired product in a precipitated state, and the solu’mon nominally lacks nonionic organic -

" polymer. In a related embodiment, the precipitate may be washed additional times.

{0033}  In one or more of the preceding embodiments, precipitation with a nonionic organic
- polymer.combined with a non~protein—preoipit'ating salt is followéd by a wash with a protein-

pr‘ecipitating salt at sufficient concentration to maintain the desired proteih ina preoip{tated state.

[0034]  In one or more of the preceding embodiments, precipitation with a nonionic organic
‘ “polymcr combined with a non-protein-precipitating salt, followed by a wash with a nonionic
organic polymer and a non-protein-precipitating salt, is followed by a wash with a protein-.

precipitating salt at sufﬁcientvconcentration to maintain the desired protein in a precipitated state.

[0035] In one or more of the precedmg embodlments, methods further comprise processing in

a subsequent chromatography step.

- [0036] In one or more of the preceding embodiments, the desired protein, after washing with
precipitating salt in the nominal absence of a nonionic organic oolymer, and after

resolubilization, may, without sam;}le equilibration, be further purified by the method of anion

10
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eichange chromatography in void exclusion mode (Nian et al, J. Chromatdgr. A1282 (2013)
127-132).

[0037]  In one or more of the preceding embodiments, the desired protein, afier
resolubilization, may be further purified by the method of apatite chromatography on a
chromatography medium consisting of a hydr'oxyépatite ora ﬂuorapatati;te or a hybrid apatite,
ora secondamly calcmm~derwed apatlte or other metal- derived apatxte such as zmc apatlte or

copper apatite, or iron apante or another metalﬂdenved apatlte

| [0038]  In one or more of the p'receding embodiments, the desired protein, after
resolubilization, may be’ further purified by the ‘z-nethod of multimodal chromatography with a
bhydrophoblc electropositive medium. In one such embodlment the electroposmve hydrophoblc
| chromatography médium also contains residues that may mediate hydrogen bonding. In one such

‘embod:tment, the chromatography medium may be Capto adhere

[0039] In one exemplary embodiment integrating numerous aspects of the disclosed methods,
an IgG-coniaining cell culture harvest dariﬁed by a chromatin-directed method-is precipitated
with 19% PEG-6000 in the presence'.of 600 mM NaCl and 20-50 mM Hepes or phosphate buffer
at a pH of 7.0. The precipitate is sedimented and the supematant removed, then the precipitate is

' washed with 19% PEG-6000 in the presence of 600 mM NaCl and 20-50 mM Hepes or phosphate
buffer at a pH of 7.0. The supernatam is discarded and the precipitate is re-solubilized in 50 mM
Tris, 1 M NaCi pH 8.0 and applied to a coiumn packed with Capto adhere. Résidual PEG ﬂowé
through the column and is thereby eliminated. The antxbody is retained, and subsequently eluted
by reducmg the concentratlon of NaCl to 300 mM with the effect of removing most of the

" aggregates.

[0040] Inone exémplary embodiment integrating numerous aspects of the disclosed memods,

'an IgG;contaiIiing cell culture harvest clan'ﬁéd by a chromatin-directed method is precipitated

" with 19% PEG-6000in the presence of 600 mM NaCl and 20-50 mM Hepes or i)hosphate buffer
at a pH of 7.0. The precipitate is sedimented and the supernatant removed, ‘thcn the precipitate is
washed with 1.5 M ammonium sulfate, 20;50 mM in Hepes or phosphaté buffer, at a pH of 7.0.

- The precipitate is sedimented, the supernatant removed, then the precipifat‘c 1s Washed:ag_ain with

1.5 M ammonium sulfate, 20-50 mM in Hepes or phosphate buffer at a pH of 7 0. The précipitate

11
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is re-solubilized in Hepes or phosphate buffer at a pH of 7.0 and applied fo a column packed with
UNOsphere Q equilibrated to 20 mM Tris, pH 8.0 operated in void exclusion mode.

{0041} In one or more of the precéding embodiments, protein-precipitating salts comprise one
~ selected from The- group cbnsisﬁng phosphates, sulfatés' citrates, and combinations thereof,
including spec>1ﬁc examples such as sodium sulfate, potassxum sulfate, ammomum sulfate

potassium phosphate, sodium citrate, potassium citrate, ammonium citrate.

[0042] ~ In one or more of the p:eced@ng embodiments, protein-precipitating salts are combined

with non-protein precipitating salts, in the substantial absence of a nonionic organic polymer.

{0043} In one or more.of the preceding embodiments, the substantial absence of a protein-
precipitating salt compfises the presence of only a sufficient amount to mediate pH control,
wherein the‘sufﬁc'ﬁent amount isin a range of from about 5 mM to about 100 mM. In one or more
of the precedmg embodnnents the substantial absence of a protein- precipitating salt comprises - -
‘ the complete absence of a precipitating salt. In one or more of the precedmg embodiments, the
substantlal absence of a precipitating salt compnses an intermediate concentration of
precipitating salt or salts. Thls highlights the pomt that reference to a pamcular saltas a protem~
precipitating salt does not mean that it is nccessanly prcsent at a concentration sufficient to
" precipitate the desired protein. Precipitating salts are understood to refer to so-called lyotropic or
kosmotropic salts according to their position in the Hofmeiistér series of chaotropic and lyotropic
_ions. The term non~protein—precipitating salts is understood to refer to salts that génerally do not
pf'eci;ﬁitate proteins at any concentration. Such salts comprise ions that are chaotropic in the
Hofmeister series, or within the mid-range of the series, but not among the. salts generally

classified as being lyotropic or kosmotropic.

10044) In one or more of the preceding erribodiménts, the pH during the precipitating step. is
about 7 or in a range selected from the group consisting of (i) about 6.5 to about 7.5, (ii) about 5.5

to about 8.5, and (iii) about 4.0 to about 9.0.

[0045] In one or more of the preceding embodiments, the pH during the precipitéting.step 18
not adjusted. In a related embodiment, the pH of the precipitating step is not adjusted to within 1
- pH unit of the isoelectric point of the desired protein. In a related embodiment, the pH during the

12
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precipitation step is not adjusted to within 0.5 pH units of the isoelectric peint of the desired

protein.

- - [0046] In one ‘or more of the previous embodiments, the pH during the preeipitatioﬁ step may 'A
be adjusted to within 0.6 units of the isoclectric point of the desired protein, or within 0.7 units, or
0.8 units, or 0.9 units, or 1 unit, or 1. lumts or 1.2 units, or 1.3 units, or 1.4 units, or 1.5 pH units,

or 2 0 pH units, or within a greater mterval from the isoelectric pom‘c of the desn‘ed protem

‘ [0047] " Inoné or more of »the previous embodiments, different stages of the pr’oeess may’
utilize different pH values. In one embodiment, the pH value during high salt conditions may be
~very broad since the salt will suppress electrostatic interactions. This highlights the point that

there is no need to adjust the pH to the isoelectric point of a desii“ed protein.

[0048]  Inone or more of the previous embodiments, the pH-af which a particular stage of the

method is conducted may be selected according to its ability to enhance contaminant removal.

[0049]  Inone or more of the previous embodiments, the pH at which a particular stage of the
method is conducted may be selected according to its ability to enhance the ability of

electropositive materials in the system to bind contaminants.

[0050]  In one or more of the preceding»em?bodiments, the desired protein is an IgG, IgM, IgA,
“1gD, IgE, Fe-fusion proteiri, a non-antibody protein, a clotting protein, a complex of a clotting

protein with a co-factor.
| [0051] In one or more of the preceding embodimeﬁts, the desired protein is partially. purified.

[0052] In one or'more of the previous embodiments, the ahtibody is an IgG. In one such
embodiment, the ant1body 1s a monoclonal IgG In a closely related embodiment, the desired
' protein comprises an IgG fragment such as an Fe- fragment that is an integral component of a so-

~ called Fe-fusion protem.

[0053] In one or more of the prevmus embodiments, the method is used to punfy anon-IgG

antlbody In one such embodiment the antlbody is an IOM
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[0054] . Insome embod:ments the desn‘ed protein may be-an antibody. In some such
embodlments methods of punfymg the antibody may further compnse contacting a cell culture |
,harvest or a protein preparation compnsmg at least one antxbody with at least one fatty acid
having 7 to 10 carbon atoms to form a mixture, optlonally contacting the mixture with allantoina'
contacting the mixture with one or more functionalized solid and/or soluble substrétes to form a |
mixture, wherein the one or mpfe functionalized Substrét_es comprise a cationic functibnal group,- :
a méfal binding functional group, or.both, wherein the metal binding functional gfoup | |
comprising a nitrogen—contéining moiéty selected from ‘the group cbnsisting of ( 1) a polyamine,
2) an imine, (3) an N- heterocycle, (4) an armino acid, () an N- hydroxyarmde (6), an arylarmne
and combinations thereof, and separating solid materials after contactmg the rmxture with the

_one or more solids to provide a solution compnsmg the IeG ant1body. N

f0055] ©  Insome such embodiments, methods may fufther comprise contacting the cell culture

harvest with allantoin.

[0056] In one or more of the preceding embodiments, allantoin may be present at a
concentration in a range selected from the group\ ¢onsisting of: (a) from about 0.6 to about 30%,

(b) from about 1 1o about 10%, and (c) from‘about 1 to about 2%. -

[0057] In one.or more of the precedmg embochments allantom is in a range from & non-zero

amount up to about 0.6%.

[0058] In one or more of the preceding embodiments, a total amount of the one df more
functiohz_ﬂized substrates is a volumetric proportion of the total volume. of about 0.01%, 0.05%, '
0.1%, 0.25%, 0.5%, 1%, 2%, 5%, 10%, 20%, or intermediate values in between.

: [60591 In one or more of the preceding embodimsnts, the at least one fatty acid and the one

or more functionalized substrates are disposed in a single vessel.

[0060] In one or more of the prccedmg embodiments, the one or more functlonahzcd
-substrates are chsposed in a device that pemnts the passage of fluid whlle preventmg the passage

* "of solid materials therethrough.
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[0061]  In one or more of the preceding embodiments, the methods further comprise

contacting the solution with functionalized solids disposed in a device. -

[0062) Inoneor more of the preceding cmbodimehfé, the device that permits the passage of
fluid while preventing the passage of solids therethrough comprises a porous material selected
from the group consisting of a membrane, a monohth a woven material, a crystalline material, a

gelatmous matenal a column of packed pamcles and combmatlons thereof

B [0063] In one or more of the precedmo embodunents sohd matenals pfesent after contacting
" a cell culture harvest with the at least one fatty acid or at the separatmg step, are-removed by

sedimentation or sedxmentatlon followmg centrifugation.

[0064] In one 6r more of the preceding embodiments, solid materials present after contacting
a cell culture harvest with the at least one fatty acid or at the separating step, are removed by

* filtration.

[0065] In one or more of the preceding embodiments, filtration comprises membrane

~ filtration or depth filtration.

{0066] ~ In one or more of the preceding embodiments, the membrane filtration or depth

filtration comprises a contact surface that is functionalized. -

{0067} In one or more of the preceding embodiments, the first contacting step is preceded by
partial puriﬁéation of the IgG antibody.

- [0068] In one or more of the preceding embodimenté, the cell culture harvest or pll"oteinv
preparation contains cells, and optionally remdes in the bioreactor within which cell culture

productmn was performed

[0069]  In one or more of the preceding embodzments the cell cu}mre harvest or protem ‘

preparation does not contam cells.

[0070] In one or more of the precedlng embodiments, the protein preparatlon is a naturally

occumng biological fluid.
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[0071]  In one or more of the preceding embodiments, the at least one fatty acid comprises a-
general structural formula of CHg(CHg)uCOOH.

[0072] In one or more of the preceding embodiments, the at least one fatty acid comprisesl
- enanthic (heptanoic) acid, caprylic (octanoic) acid, octenoic acid, pelargonic (nonanoic) acid,

nonenoic acid, or capric (decanoic) acid.

[0073]  In one or more of the preceding embodii;aehts, the at least one fatty acid is nonanoic _

" acid.

{0074] In one or more of the preceding embodiments, the at least one fatty acid is present at a
concentration in a range selected from the group consisting of: (a) from about 0.05 to about 5%,
(b) from about 0. 1 to about 1.0%, (c} from about 0.2 to about 0. 4%, and (&) from about 0.1 to
0.2%.

{0075] In one or more of 'thé.precedihg embodiments, the mixture may contain a surfactant:.

[0676] In one or more of the precedmg embodiments, a surfactant contained in the mixture

-may be nomomc or Zwitterionic, or cationic.

[0077] In one or more of the precedmg embodiments, a cationic Surfactant contamed n the

' mixture may be cetylmmeﬂxylammomum bromide.

[00'78] In one or more of the prece_ding embodiments, .cetyltrimethylammonium bromide
may be present at a concentration ranging from about-0.001% to 0.05%, or from about 0.005% to
0.025%, or from about 0.0075% to about 0.01%.

[0079]  In one or more of the preceding embodiments, the one or more functionalized
substrates comprises at least one charge configuration selected from the group consisting of

anionic, cationic, or zwitteriomic.

[0080]  Inone or more of the preceding embodiments, the one or more functionalized
substrates comprises one substrate with the metal binding functional group and a separate

substrate that is cationic.
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{0081] In one or more of the preceding embodimenfs, the metal binding functional group is

cationic,

[0082] In one or more.of the preceding embodiments, the metal binding functional group is
selected from the group consisting of tris(2-aminoethyl)amine, diethylenetriam_ine,
tn'ethylenétﬁarrﬁne, tetracthylenepentamine, polypfopylenimine tetramine, poly(amidoamine)
(PAMAM) dendrimér, deferoxamine (desférioxamine), arginine, histidine, h@sta‘inine, imidazole,

and combinations thereof..

[0083] .° In one or more of the preceding embodiments, the metal binding functional group is a
compound of formula I

RzN

‘\x :

N NR
T/ ~, / 2
NR‘Z * . I

" wherein each incidence of R is independently- hydrogen or C)-Cy alkyl, with the proviso that at
least one R is the si;e of attachment to a solid support, optionally via a linker; and each of X, Y,
and Z are independently (CH,),, where n is an integer from 2 to 6, wherein a CH; group is - -

' opfionally replaced by O, or NH.

[0084] In one or more of the preceding embodiments, the cationic chelating agent is tris(2- -

aminoethyl)amine.

{06085] In one or more-of the preceding embodiments, the one or more functionalized solid or
‘ ‘soluble substrates comprises one substrate with the metal binding functional group and a separate

substrate that is anlonic.

[0086] In one or more of the preceding embodiments, the metal binding functional group is

anionic.
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[0087] In one or more of the preceding embodiménts, the metal binding functional group is
selected from the group consisting of iminodiacetic acid, nitriloacetic acid, glutamic acid,

-aspartic acid, aminophenyl phosphate, and cémﬁ_inations thereof.

{6088]  In one or more of the preceding émbodiments, the anjonic chelating agent is

iminodiacetic acid.

[0089]  In one or more of the preceding emﬁodiments, the one or more functjonalized solid or

soluble substrates comprises one substrate thatis cationic and a separate substrate that is anionic.

[0090] © In one or more of the preceding embodiments, the antibody is an IgG or IgM
* antibody. ' o i

10091} In some embodiments, there are provided mefhods for purifying an antibody
comprising contacting a cell culture h‘arve‘st or protein preparation with at least one fatty acid
having 8 to 10 ca'rb'on atoms to form a mixture, contacting'fhe mixture with allantoin, and
separating solid materials after contacting the mixture with allantoin to provide a solution
comprising the antibody. In some such embodiments, the method further compnses contactmg

the solution with at least one chemically functxonahzed solid or soluble substrate

. [0092} - Insome 'such embodiinents, the at least one chemically functionélized solid comprises

tris(2-aminoethyl)amine.

[0093] In one or more of the preceding embodiments, allantoin is present at a concentration
' in a range selected from the group consisting of: (a) from about 0.6 to about 30%, (b) from about

1 to about 10%, (c) from about 1 to about 5%, and (d)'frbm about 1 to about 2%.

[0094] In one or more of the preceding embodiments, allantoin is in a range from a non-zero

amount up to about 0.6%.

[0095]  In some embodiments, there are provided methed sfor thé purification of a desired
protein from a protein preparation comprising conditioning the protein preparation by treatment
" with soluble organic multivalent ions, immobilized organic multivalent ions, or both, optionally in

the presence of supersaturated allantoin, thereby removing at least 90% of chromatin, then (1)
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precipitating the desired proteih with a non-ionic organic polymer in the presence of non-protein-
' precipitating salts at greater than phy'siolegieal coneenfration to'provide a precipitate of the
desired pretein; or (2) precipitating the desired p’rotein with & nonionic -organic polymer in-the
absence of non-precipitating salts at greater :than physiological concentration to provide a
precipitate and subsequently washing the precipitate with a nonionic organic pelymer in the
presence of non-protem—preelpxtatmg salts at greater than physiological coneentratxon, wherein
the precipitating or washmg step is optlona]ly carried out in the substantial absence of a protein-
~ precipitating salt, and optionally without adjusting the pH of the desired protein to a value th}gn
0.5 pH units of the isoelectric poiﬁt of the desired protein, and optionally washing the precipitate
with 2 protein-precipitating salt in the absence of a non-ionic organic polymef, where in the
precipitating salt is present at a sufficient concentration to keep the desired prbtéin ina

“precipitated state.

[0096]' ' “Physioiogica I salts” comprise a mixture, prineipally of so.dium and potassium
chloride, but. also lower levels of many other salts. It will'bé generally understood that the

amount of ¢ physmloglcaI salts” is estimated to correspond to an equivalent total salt

concentration of about 0.15 M NaCl. Thus, as used herein, an amount of'nen»protein-
’preeipitatingAs’aits “greeter than physiological concentration” includes salt concentrations greater
than about 0.15M, or greater than about 0.2 M;‘or grea;cer than-about 0.3 M, or greater than about
0.5M and so on, inciud'mg any amount in between and fractions thereof. That is, the amount can

- be any amount greater than what is typical under physiological conditions. In some

embodiments, the concentrationv may be iﬁ a range from about 0.2 M to about 2.0M, including

any amount in between and fractions thereof.

[0097] - Thus, for example methods disclosed herein may compnse the steps of (1)
A prec1p1tatmg the: desn‘ed protem with a non-ionic orgamc polymer in the presence of non—protem~
‘ prec1p1tat1ng salts at concentration greater than about 0.2M to prov1de a preclpltate of the desired
protein; or (2) precipitating the desired protein with a nonionic orgamc polymer in the absence of
non-precipitating salts at a concentratlon greater than about 0. 2M to provide a precipitate and
subsequently washing the precipitate with a nonionic organic polymer in the presence of non-
' protein~precipitating salts at a concentration greater than about 0.2M, wherein the precipitating or

washing step is optionally carried outirrthe substantial absence of a protein-precipitating salt, and
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optionaﬁy without adjusting the pH of the desired protein to a value within about 0.5 pH units of
the isoelectric point of the desired protein and optionally washing the precipitate With a protein-
precipitating salt in the absence of a hon-ionic orgamc polymer where the preczpitatmg saltata

sufficient concentration to keep the desired protem ina precxpitated state.

[0098] In some embodiments, conditioning the protein preparation with organic ﬁlﬁltivalent
- ions comprisés }contacting the sample with an elecfrdpositive__grganjc additive. In some such
embodiments, the electropos‘itive orgaﬁie additive is one or more from the’ groﬁp‘ of soluble
cations‘ consisting of inethylerie blue, ethacridine, chlorhexidine, benzalkonium chloride, cetyl -

trimethyl anﬁnonium bromide.

't0099] - In some embodiments, the electroposnwe organic additive is one or more from the _
group consxshng of a cation that is 1nsolub1e due to its 1mmob1hzat1on on a solid surface,
mcludmg a pnmary amino group, a secondary amino group, a ternary amino group, a quaternary
amino group, a complex cation containing more than one positive charges conferred by.one or

more types of amino groups.

[00100] In some embodiments,‘the electropositive organic additive is Z(aminoethyl) amine
(TREN) immobilized on a solid. o

| [00101] . Insome embbdimenfs, conditioning the protein preparation with organic multivalent

cations .eomprises contacting the sample with an electronegative organic additive.

[00102]  In some embodiments, the electronegative organic additive is one or more from the
-group of soluble anions consisting heptanoic acid, octanoic acid, octenoic acid, nonanoic acid,

nonenoic acid, decanoic acid, methyl blue.

[00103] In some embodiments, the electronegative organic additive is one or more from the
group consisting of an anion that is insoluble due to its lmmoblhzauon on a solid surface,
mcludmg a phospho group, a carboxyl group, a sulfo group, a complex anion containing more

than one negative charoe conferred by one or more types of negatwely charged groups.

{00104] " Insome embodnnents the electronegative organic additive is munodlacetm amd

“nitriloacetic acid, or a combmauon of the two. -
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[00105] Insome embodiments, an electronegatlve orgamc add1t1ve or electrop031t1ve organic

additive has a 1: 1 affinity for metal jons.

[00106] In some embodiments, allantoin, if included, is present in a supersaturating -
concentration in a range from the group coﬁ_sisting' of 0.6 to 50%, 0.7 to 20%, 0.8 to 10%, 0.9 to

| 5% 1 10 2%, or anlimei'm,édiate value.
[00107] - Insome _embodiincnts; the nonionic organic polymer is ﬁolye%hyiené'glyco} (PEG).

[OOIOSIA In some embodimenté the pdl)nner size is in a range from the group consisting of
1000 to-12,000 Daltons (D), from 2000 to 8, 000 D, 3000 to 6000 D, or an intermediate size such
as one from the group consisting of 1500 D, 3500 D, 4000 D, 6000 D

[00109] Insome embodiments the n0n~protein~precipitaﬁng' salt mayinclude-one selected
from the group conmstmg of sodium acetate potassmm acetate, sodium chlonde, potassmm

. chloride, and combmatmns thereof.

[00110] In some embodiments, one or more non-p;otein—precipitating salts may be added to a
~-gonditioned cell culture harvest in an amount sufficient that the salt concentration after addition .
_of the nonjonic organic polymer is greater than physiological concentration by an increment

~ ranging from about at least 0.05M fo about 2.0M. Thus, the increment can be greater than at least
about 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 07 0.8,1.0, 1.5, and 2.0 M, orevenmore,mcludmgany

value in between and fractions thereof. In some embodiments, the concentration may be in.a

‘range from about 0.5 to about 1.5 M.

‘. [001 11] In some embodlments an individual salt or a combmauon of non~protem-
precxpltatmg salts is added t0.a cell culture harvest to elevate the overall salt concentration above
the normal physiological salt content, and the excess of non-protein-precipitating salt is
maintained in conjunction with the addition of the nonionic organic polymer. In some
embodiments, the concentration may be greater than an increment in a range from about 1.2M to

“about 1.8M. In some gmbodiments, the ihcrement isabout 1.2 M, 1.3 M, 1.4 M, 15M, 1.6 M,l, v
1.7 M, or about 1.8M. In some embodiments, the concentration may be in a'range from about 0.5

to about 1.5 M. :
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{00112] Insome embodiments, one or more non-protéin;precipitati_ng salts may be added to a
i:rote’in preparation in éonjunqtion with gdditioﬁ of the nonionic organic polymer so that the final
salt conc¢nt17atidﬁ is greater than normal physiological concentratisn by an increment of at least
0.05M. In some embodiments, the concentration may be greater than an ihcfe'ment in a range
from ab’dut 1.2M to about 1.8M. In some emﬁodiments, the increment is aboutll 2M, 1.3 M, 1.4
M, 15M, 1.6 M, 17M, or anut 1.8M; In some émbodimen_ts, the concentration may be in a
raﬁge from ébout 0.5t0 aboﬁf 15 M

[00113] Insome en’ibodiménts, one or more noﬁ—prbtein precipitating salts may be added éo
that the net salt concentration of the protein preparation is higher vthén the normal physiological
value in a range from the group consisting of 200 mM to 2 M, 300 mM t01.5M, 400 mM to 1

- M, 500 mM to 800 mM or an mtermedmte value.

[006114] - In some embodiments, non—prec’ipitating salts at a concentration of at least 0.2M are

included in a wash solution to maintain an excess already existing in the precipitate.

[00115] In some embodiments, when non-precipitating salts are absent in an initial

precipitation step, fhey_ are included in at least one washing step.

[00116] In some embodiments, a precipitate may be washed with one or more precipitating ,

salts at a concentration sufficient to maintain the desired protein in a precipitated state. In some

sﬁch embodimenfs, the precipitating salts are emﬁ}oyed in the abseﬁce or-substantial absencé of

. nonionic organic polymer, such as PEG. Those skilled in the art will appreciate that at '

“sufficiently high concentrations the two agents may be incompatible because PEG may separate
as a distinct organic layer. Nonetheless, there are Qiable conditions where low conceﬁﬁations of -

one agent may be added to a higheér concentration of the other.

[00117] “In some embodiments, one or more precipitating salts may be selected from the group
consisting of sedium sulfate, potassium sulfate, ammonjum sulfate, sodium phosphate, potassium
phosphate, ammonium phosphate, sodium c;'itrate, potassium citrate, ammonium citrate and

combinationis thereof, -
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[00118] In some embodiments, the desired protein is a naturally occurring protein, a

recombinant protein, an antibody, a monoclonal antibody, an 1gG antibody, or an IgM antibody.

[00119] In some cmbodiments; the preparation is a bodily fluid, milk, piasmé, serum,. or a cell

culture harvest.

, {00120} Terms are defined so that the embodiménts may be uﬁderstood more readily.

Additional definitions are sét forth throughout the detailed description.

[00121] “PEG precipitation” refers to a purification method in which a desired protein

. becomes insoluble at a critical concentration of PEG,'a‘n‘d forms solid precipitates that can be

; rcmovc'd' from solution by filtration or centrifugation, leaving the roajority of contaminants in the
'remaiﬁing quuid (supernatant). The supernatant is tradiﬁ'onally removed by filtration or
centnfugat:on followed by decantatlon In most cases the prempltate is washed byre—suspendmg
the prec1p1tate one or more times with PEG-contaxmng buffer to-dilute out contaminants that
reside in the interstices of the precipitate, especzally after centrifugation. Wash steps are
tradmonally repeated one or more times, frequently with buffers of different composition, though
always with sufficient PEG to keep the desix;ecl protein precipitated. The precipitatediprotein' is
finally re- solub1hzcd in a low-or-no PEG buffer. Tradmonally, the desire protcm may be re-
prempltated and re- solub1hzcd one or more times to further increase the purity of the des1red

proﬁem.

- [00122] “Protem” refers to any of a group of complex organic macromolecules that contain
~ carbon, hydrogen, oxygen, nitrogen, and usually sulfur and are composed prmcxpally of one or
more chains of amino acids linked by peptide bounds. The protein may be of natural or
recombinant origin. Proteins may be modlﬁed with non- armno acid moieties such as- tbrough
glycosylation, pegylation, or conjuga'aon with other chemzcal moieties. Examples of protcms

include but are not limited to antibodies, clotting factors, enzymes, and peptide hormones.

. [00123] “Host contariinant” or “Host cell contaminant” refers to biomolecules that are
produced bs} the cells in which the product of interest is grown. The term may include various

classes of host contaminants, such as host proteins and host DNA.
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[00124] - “Host'protein".’b or “Host cell protein” or “HCP” refers to proteins that are produced
by the cells in which the product of interest is grown. Such proteins repfesent one class of

contaminants that must be removed from the product of interest. -

[00'125]‘ “Antibody” refers to an immunoglobulin of the class IgG IgM, IgA, IgD, or IgE
derived from human or other mammalian cell lines, mcludmg natural or genetlcally modified
forms’ such as humanized, human, smgle-cham, chlmeno synthenc recombmant hybmd _

: mutated, grafted and in vitro generated ant1bodles “Antibody” may also include composn;e forms
including but not limited to fusion proteins contalmng an immunoglobulin moiety, or
immunoconjugates created by synthetic linkage of an IgG to another functional moiety, -including

3 another antibody, an enzyme, a fluorophore or othér signal generating mqi’ety, biotin, a drug, or

 other functional moiety.

'160126]. | “Non-ionic organic polymer” refers to a naturally occurring or syhthetic hydrécarbon
~ composed of linked fepéating organic subunits that lack chéfged groups. It may be linear,
- dominantly Iinvear"with some branching, or dominantly branched. Examples suitable to Iﬁractice
the methods include but are not 1imited to polyethylene glyﬁ:ol(PEG), pélypropylene glycol,
: polyvinﬂpyrrothne‘(PVP), and others. PEG has a structural formula HO-(CH2-CH2- O)n-H.
Examples include, but are not limited to compositions with an average polymer molecular weight

ranging from less than 100 to more than 10,000 daltons.

{00127] “Anion exchange particle” or “electropositive particle” refers to a porous or

nonporous particle, the surface of which is dominated by positive cﬁarge. Particle size may range -

from less than 50 nm to more than 200 microns. The particles méy comprise a polymeric, |

_ crystalliﬁe? _of ceramic structure that may also incorporate features thét allow them to be
‘sequestered by means that do not involve or interfere with their abiiity to perform the methods

- disclosed herein, but may provide some overall enbancement. Examples include but are not

limited to features that confer low density that enables ﬂbtation, high density that enhances rapidv

sedimentation, and/or magnetism that enables their collc‘ctibn in a magnetic field.

Electropositivity may be_confe_rr_e;‘d by chemical groups iﬁcluding but not 1irrﬁted to weak anion

exchange groups like amino, ethylene diamino, diethylaminoethyl, polyallylamine,

~ polyethyleneimine; strong anion exchange groups, such as.qu'atemary amino groups; combined
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Weak—strong exchangers, such as polylysine, polyarginine, or Tris(2- armnoethyl)armnc
dlcthy}cncmamme methylenctctrannne tetracthylenepcntamme polypropylenimine tetraamme
‘PAMAM dendtimer (ethylenediamine core), or any combmatzons of the foregomg Secondary
functionalities that create a mixed chemical character on a posmvely charged membrane may
consist of ncgatwely or positively charged groups, hydrophobic groups, pi-pi bonding groups,

“hydro gen-bonding grcups or rhctal-chclation grcups The secondary functionalities may existon .
the membrane surfaces as an madvcﬁent byproduct of the manufactunng matenals or process by 4
which the particles are synthcsmed or they may be present by dchberatc design. Thc

- concentration of secondary functionalities may range from less than 1milliequivalent pcr fnL of

particles, to more thanfll OO niilliequivélents per mL.

[00128] s Orgamc multivalent ion’ refers o an orgamc molecule, ion or salt of natural or
' synthctlc origin that cmbodles at least one charge and at least one additional chemlcal
: functlonahty, thus rendering it multivalent. In certain embodiments, an organic multivalent ion
the at least one additio’nal chemical functionaﬁt}r is an additional charge such that the organic ‘
multivalent cation bears two or morc like or differing charges. The organic multivalent ion may .
bear anet positivc, net negative, or net neutral charge. Where the organic multivalent ion is net
poéitiv‘e it may be provided together with anions such as chlorides, bromides, sulfates, organic.
 acids, lactates, gluconates, and any other anion not incompatible with the method In certain
embodiments certain of the positive charges of the organic multivalent ion are supplied by amine,
_ imine or other nitrogen mmetles The organic multivalent ion may addltlonally be of mixed
chemical character and mcludc hydrophobic residues, other functional moieties and/or it may
'possess the ability to participate in other types of chemical interactions including, for example, the
ability to participate in hydrogen bonds, hydrophobic interactions, pi-pi bonding', metal
coordinaﬁon, and intercalation. Exampics of positively charged organic multivalent ions in’
 certain embodiments include but are not limited to the diamino acids, di-, tri, or larger homo- or
hetcro-peptldcs, such as polylysmc polyarginine, polylus’adme polyormthme
polyethylenelmme polyallylammc polydimethrine,
polymethylacrylamidopropyltrimethylammonia; polyd1allyld1mcthylammoma, ,
polyvmylbenzyltnmethylammoma polyvinylguanidine; poly(N-ethyl-4-vinylpyridine; DEAE— A
'dc_xtran, DEAE-cellulose; ethacridine (CAS number 442~ 16-0; 7-ethoxyacndmc—3,9—dxammc), o
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tms(2 armnoethyl)amme guamdme chlorhexidine; alexidine; citricidal, protamine; spermme
sperrmdme salmine; c}utosan, and variants and denvatwes of the foregoing. For example
variants and denvatxves of ethacndme are understood to include 9- ammoacndme (aminacrine),
3,6 acridinediamine (proflavin), acrisorcin, acrizane (phenacndane), acridine orange, quinacrine,
acricide, acridone, acridine-9-carboxylic acid, acranil (1 -[(é-chloro*}methoxy-g-

aeridinyl)arrﬁno]~3-(diethylamino)—Z—propanol dihydrochloride), phenosafranin, phenoxazine,

. _phenothiazine, acriflavine (3,6-diamino- 10~methy1acr1d1n1um chloride and 3,6-

_ A ‘acridineidiamine), and salts thereof (e.g chlondes bromides, sulfates, lactates, giuconates) also
| thiazins suoh as methylene blue (also known as basic blue 9), analogs and variants thereof,
including methylene green (also known as basic green 5), Lauth’s violet (also known as thionin),
methylene azure A, methyiene azure B, and methylene azure C. V»’here the orgamc muitwalent |
ion is net negative 1t may be provided together with cations such as sodium or potassium, or any -
other cation not mcompatxbl_e_w1th the method. In certem embodiments certain of the negative

* charges of the orgaﬁic multivalent ion are supplied by carboxyl, phospho, or sulfo moieﬁes. The
| organic multivalent ion may additionally be of mixed chemical character and inciude hydrophobic
residues, other functional moieties and/ or it may possess the ability to participate in other types of
chemical interactions including, for example, the:ability to participate in hydrogen bonds,
hydrophobic interactions, p1—p1 bonding, metal coordma‘uon, and intercalation. Examples of
negatively charged organic multivalent jons m certam embodiments include but are not hnnted to

the fatty acids such as octanoic amd octenoic amd, nonanoic acid, nonenoic acid, electronegatxve

| polymers, and salts thereof (e.g. chlorides, bromides, sulfates, lactates, gluconates), and aryl

compounds such as methyl blue.

[00129] “Protein-precipitating salt” or “antibody—precipifating salt” or “IgG- precipitating
salt”™ refers to a salt that embodies the ability to mediate precipitation of a desired protein.
Common examples include sodium or ammonium sulfate, sodium or potassium citrate, sodium or -

potassium phosphate. Such salts are commonly referred to as kesmotropic salts.

[00130] “Non-protein-precipitating salt” or “non-antibody-precipitating salt” or “non-
IgG-precipitating salt” refers to a salt that lacks the ability to mediate precipitation of a desired
protein, and may_embody the ability to increase solubility of a desired protein. Common examples

. include but are not limited to sodium or potassium chloride, sodium orpotassium acetate, sodium
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or potassium thiocyantate, or guanidinium chioride. Some such salts are commonly referred to as

chaotropic salts, while others are neither referred to as chaotropic nor kosmotropic.

[00131] “Polynu;&léotide” refers to a biopolymer composed of multiple nucleotide monomers
' coifalently bonded in a chain. DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are
examples of polynucleotides. Polynucleotides_ can have a high propensitjf for formation of

hydrogen bonds.

[00132] “Protein preparation” refers to any aqueous or mostly aqueous solution ‘odntaining a
protein of interest, such as a cell-containing cell culture harvest, a (substantially) céll»free cell

culture supernatant, or a solution containing the protein, of interest from a stage of purification.

[00133] - Deveiopﬁlent of an IgG .pﬁfiﬁcation process.-serveé as a useful exaxﬁple to illustrate
the steps of customizing the disclosed methods to a particular desired protein. Development
begins with selecting a clarification method to remove 90% or more of the chromatin froth a cell -
culture harvest. One useful starting point is to add allantoin in an ameunt of 1% w/v to the - |
harvest, followed by thé addition of caprylic acid in an amount of 0.4% w/v. The pH of the
mixture is adjusted to 5.2 and mixed 'fo‘r 2 hours at room tempefature. Positively charged metal
: afﬁnity particles, such as BioWorks TREN high are equilibrated to pH 5.2 then added to the
inixturé in an amount of 5% v/vl, énd incubated s;tirring forw‘4 hours. Solids are then rernove'd‘by ‘
any expedient method. The method may be followed by paséing the supernatant through a depth
filter, the fluid contact surfaces of which bear electropositive ligands. Conductivity, pH, and
concentrations of reactants may be subsequently refined if desired. The clarified IgG preparation -
’ nov? substantially devoid of chromatin and chromatin catabolites, is precipitated by addition of
PEG-6000 to a final concentrati}én of 19%. NaCl is also added in an amount of 600 mM,
‘bringing‘ the net salt concenfration (sample + added NaCl) to'a presumptive concentration of
about 750 mM. pH is abdut 7 (68 10 7.2) conferred and controlled by 20-50 mM Hepes, or by
sodium or potassium phosphate, pt 7. These condi_tibns can be further refined-if desired,
including by subétitution with other buffering substances. The precipitate 1s colleéfed by
centrifugation or filtration, and the supernatant discarded. The precipitate is re-suspended in 19%
- PEG-6000, 750 mM NaCl, 20~50 mM Hépes or phosphate, pH 7, then the precipitate is re-

collected and the supernatant discarded. One option at this point is to wash the precipitate again
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with a precipitating salt at a concentration that keeps the IgG in a precipitated state. This has the
effect of removing residual PEG. The precipitate can then be re solubilized and‘pt_iriﬁed further
by one or miore additional f:actibﬁation methods, if desired. One option is to apply the sample to
a column of [INOSpheré Q' operated in void exclusion mode, where the column is equilibrated to
'50 mM Tris, pH 8.2. Alternative chromatography methods are known ahd it is within the
pui‘view of a person of ordi"n'ary,skill in'the ‘aﬁ to choose a suifable method or methods, and

develop the conditions to operate them.

[00134] A different approach to developmept of an IgG purification illustrates some o'f the
alternatives that may be éonsidéred. As in the previous general examplé, development begins
with selecting é-clariﬁca‘tion method to remove 90% or more of the chromatin from a cell culture
harvest. One useful starting point is to add allanto\iri in an amoimf of 1% w/v to the harvest,
followed by the addition of ethacrdine acid in an amount of 0.025% w/v. The pH of the mixture
is adjusted to'7.5 and mixed for 2 hours at room temperature. Positively charged metal affinity
particles, sﬁch as BioWorks TREN high, are equilibrated to pH 7.5 then added to the mixture in
an améun’t of 4% v/v, while negatively charged hydrophobic particles such as Bio-Rad
MacroPrep tbutyl are added in an amount of 1% /v, and incubated stirring for 4 hours. Solids
are then removed by any-expedient method. The method may be followed by passing the

R sﬁpematant through a depth filter, the fluid contact surfaces of which bear electfopositive
ligands. Conductivity; pH; and concentrations of reactants may be subsequently refined if
desired. The clarified IgG preparation now substantially devoid of chromatin and chromatin
 catabolites, is precipitated by addition of PEG-6000 to a final concentration of 19%. NaCl is also
added‘ in an amount of about 850 mM, bringing the net salt éonéent:atiOn (sample + added
NaCl) to a presumptive concentration of about 1M. pH 1s ébout-7 (6.8 to 7.2) conferred and
co'ntrolled by 20~SQ mM Hepes, sodium or potassium phbsphate, pH7. These conditions can be
further refined if desired. The precipitate is collected by centrifugation or filtration and the
supernatant discarded. The precipitate is suspended in 19% PEG-6000; 1 M Nad, 20-50 mM
Hepes or phosphate, pH 7, then the precipitate is re-sedimented and the supernatant discarded.

" The precipitate can then be re-solubilized, for example with 50 mM phosphat'e, 1 M NaCl, pH
7.2, and puriﬁed further by application to a column of Caiato adhere equilibrated to the same

~ conditions, if desired. The purified IgG may then be eluted by reducing the NaCl concentration
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to 300 mM. Alternative chromatography methods are-known-and it is within the purview of a
person of ordinary skill in the art to choose a suitable methodor methods, and develop the

conditions to operate them.

[00135] | Many variations of the above processes may be considered, including - mmphﬁcatwns
were certam components are omitted, such as allanotoin, or certain components are vaned ‘such
-as replacmg TRBN pamcles with Dowex AG1X2 or others, such as replacing MacroPrep t-butyl \
with Chelex. 100 or others, contacting the mixture with these pamcles in a column foxmat mstead
of a batch format as described above, or where the electropositive and/or electropositive organic
jons are resident on the surfaces of other solids such as membranes, fibers, hydrogels, or other

physical supports. Examples of such variations and more are discussed in Aépendices A-D.

| [00136]  Adaptation of the disclosed method will frequently involve the addition of salts or
- other additives during clarification to prevent the loss of desired product through its strong

.interactions with soluble or insoluble electropositive or electronegative organic ions.

[00137]  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 ach;'eving
similar results, but may do so with different levels of efficiency, different fluid volumes, and
different time intervals. It is within the purview of the person of ordinary skill to détemﬁne how to

effectively configure the methods to a particular application.
EXAMPLES '

[00138] Example 1. Selection of NaCl concentration for conducting precipitation, 1 L of cell
culture supernatant containing 1.2 g/L of monoclonal anti-HER2: IgG was clarified by
cenmfuganon and membrane filtration. The isoelectric point of this antibody is about 8.6. 1% :
allantoin was added, followed by the addition of ethacridine at a final concentration of 0.025%.
~Solids were removed by filtration. Equal proportiéns of ;ﬁositively charged metal affinity particles
(BioWorks TREN hi—sub); negatively charged metal affinity particles (Chelex- 100), and
positively charged hydrophobic particles (Dowex AG1x2 400-mesh) were combined. 2_0 mL of
the particle mixture w_vas 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. The treated -
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HER2 contained 165,663 ppm host cell protein contamination., It was precipitated at pH 7 ina
solution of 18% PEG-6000. The supernatant was removed by filtration through an uncharged
merﬂnb'rane with average 0.22 micron pores; The precipifate was resuspended in 50 mM Hepes,
18% PEG, pH 7.0, and the supernatant was again removed by filtration on the same membrane.
The antxbody was then solubilized in 50 mM Hepes, pH 7.0. In a parallel experiment, NaCl was
added to the ongma} sampie to create a salt concentratmn eqmvalent to 200 mM. 200 mM NaCl
was also added to the resuspension buffer. In-ac}dltlonalparallel experiments, the NaCl'

concentrations were raised to 400, 800, and 1000 mM NaCL The conce‘ntration"of contaminating

host cell proteins was measured in the resolub1hzed antibody from each experiment. Those levels -

" were as follows: no added NaCl 16,544 ppm; 200 mM NaCl, 1,984 ppm; 400 mM NaCl 605 mM ’
NaCl; 800 mM NaCl 50 ppm 1000 mM NaCl, 32 ppm.

- [00139] Example 2. The experiment from example 1 at 800 mM NaCl was repeated except
that no salt was added to the original sample The resolublhzed a.ntlbody contained 155 ppm host
cell protein. In subsequent expemments where exposure to the resuspension buffer was extended
or repeated, the concentration of contaminating host protein was reduced to about 70 ppm. This |
highlights the point that perfofrhance is"“impr‘oeed when the initial precipitation step is eonducted :

at elevated salt concentration.

[00i40] | ,: Example 3. The basic form of example 2 with nov salt edded to.the original sample,
but includiﬁg extended exposure to 800 mM NaCl during the wash of the resuspended precipitate.
The precipitated 1gG was subsequently washed with'50 mM Tris, 18% PEG, pH 8.0 before the
" antibody was solubilized in 50 mM Tris, pH 8.0. Host protein contamination was reduced to 88 |

ppm; still inferior to the results obtained vvh'en the initial precipitation was conducted at high salt.

[00141] Example 4 The experiment of example 3 was repeated except beginning with cell-
contammg cell culture harvest Results were essentially unchanged demonstrating thatthe - «
benefits of the condmomng method apply to both cell-eonteumng and cell-free protein

preparations.

[00142] Example 5. The basic form of example 3 was repeated except that IgG was
resolubilized with 1 M NaCl, 50 mM Hepes, pH 7.0; then applied to a 10 mL column of Capto .

adhere, éhydrophobic anion exchanger equiiibrated to the same conditions, then eluted with a
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descending gradient of 50 mM Hepes, pH 7. 0. Residual PEG flowed through the column upon
éaimﬂe application and was thereby climinated. The IeG was eluted in the gradient. Host protein
contaminatibn in the elutéd IeG was legs than 1 ppm. This example highlights the ability of the
methods disclosed herein to achie%zc extraordinary anfibody purification of cohditidﬁea IgG in
only two fractionation steps. It will be understood that the abiﬁty of the methods disclosed herein

to achieve such low levels of host protein contamination enables many such 2-step procedures.

| [00143] Example 6. The basic form of examplé 3 was repeated except that hydrophobic
~ electropositive porous particles in the form of DOWCXA AG1x2 were introduced z‘it'a volumetric
© ratio of 2% immediately before the IgG was resolubilized. Host protein contérriinationwas
reduced to 21 ppm; Antibody recoverywas 90%.'Ih a p'a_rallel expéﬁment, the Dowex p!articlés v
were substimfed with particles of UNOsphere Q. Host protein reduction was the same b.uf

antibody recovery was 95%.

[00144] ‘Example 7. The basfc form of example 6 was repeated except the éalt concentration 6f
clarified ce]l‘ supernatant was raised to I M NaClL Anidn exchange particles in the foﬁn of
UNOsphere Q were added in a proportion of 4% v/v. PEG—6000 in 50 mMTris; 1 MNaCltoa
final concentration of 19% PEG to pre;cipitate' vtvhev antibody. The supernatant was removed by
 filtration through a 0.22 micron nonionic membrarie; The precipitate and particles were
resuspended in 19% PEG-6000, 1 M NaCl, 50 mM Tfis, pH 8.0, and the sﬁpémataﬁt removed
| again by filtration. The br’ecipitate and particles were then resuspended in 19% PEG, 50 mM Tris,
pH S.O, incubatéd stirring for 15 miﬁutes, then the supernatant removed by filtration through the
same filter. Thls wash was repeated then thé antibody was solubilized with 50 mM Tris, pH 8.0.
The resolubilized antibody and electropositive particlés were mixed gently for 30 minutes f0
| provide an opportunity for acidic host protein to bind to the particles, tﬁen the antibody solution
was filtered through the membrane, 1eavii1g the partjcies behind. Host protein concentration of the

antibody Was 18 ppm. Aritibody* recovery was 93%.

[00145] Example 8. A series of e.xperiménts was conducted in which IgG purification and
recovery were evaluated in a 2-dimenstional matrix evaluating PEG-6000 concentrations of 16,
18, 20, and 22% versus NaCl qoﬁcentrations 0f 0.0, 0.5, 1.0, 1.5, and 2.0 M. The source material

was IgG-containing supernatant that was clarified exclusively by microfiltration. IgG recovery,
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purity, and r'epfoducibility, and variation across PEG concentration \.Neré‘best at about ] M NaCl.
Purity was about the same at 1.5 M, but recovery was comprémised. Recovery was slightly better
2t 0.5 M NaCl, but purity was lower than 1.0 M. Both iaunlty and reoove}y‘were severely

| : compromiséd in the absenco of NaCl and at 2.0 M NaCl. - |

[00146] . | Eiample'9. The integpated_method forvpuriﬁcati.on of IgM. 1 L of cell oulmre '
supomatant coniaining 120 mg/L of monoclonal IgM clone 529 was olériﬁed by centrifugation
and mefnbrane filtration. The isoelectric point of this antibody is about 6.0. Solid sodium chloride
was added to achieve a final condUctivity of 25 mS/cm. 1% allantoin Was added, followed by the
addition of ethacridine at a final concentration of 0.025 %. Solids were removed by filtration.
‘E'qual proportions of otrong anion exchange particles (Macroprep High-Q), negatively chargod
. metal affinity pérticles (Chelex-100), and strong cation exchange chafged particlés (Macroprep
High-S)n‘were' combined. 20 mL of the particle ﬁlixture Was packed into a 1.6 x 10 cm column, -
eq’uilibrat&i to roughly physiological conditions, and the safnpl‘e passed over the column at a
- linear ﬂow‘rate of 200 co/hr. The treated HER2 contained 165,663-pp1ﬁ host cell protein

contamination.In a control experiment, the antibody was puriﬁed by precipitation with 13%

' PEG- 6000 and a wash at a conducnvxty of 25 mS/ cm. Remaining host protein oontammatlon was

138 3 ppm. Ina parallel experiment, the antlbody was purified by the same means but at a
- conductivity of 47 mS/em. Remammg host protein contamination was 69 ppm. Subsequent
purification by anion exchange and cation exchange chromatography reduced host protein

conceritration to less than 3 ppm.

[00147] Example 10. An-lgG-containjng cell cﬁlture harvest containing 275,357 ppm host
cell proteins, 5283 ppm DNA, and 13.96% aggregates was conditioned by addition of 1% '
allantoin, then 0.025% ethacﬁdine, then mixed for 15 minutes. An equal mixture of MacroPrep
High Q, MacroPrep High S, Macroprep tButyl, and Chelex-100 (Bio-Rad Laboratories),
equilibrated in advance by washing with 50 mM HEPES, 106 mM:-NaCl, pH 7.0. Equilibrated
- mixed particles were added to the impure IgG preparation in an afnount of 2% (v:v), then mixed
- overnight at 4-8 degrees C. Solids were removed by microfiltration. 1.25 mg of starch coated 200
nm magnetic particles were added to 20 mL of the conditioned impure IgG preparation. 20 mL
of 36% PEG- 6000 inl.6 M NaCl 50 mM HEPES, pH 7. 0 was added gradually while mmmg on
a vortex mixer at 500 rpm to produce a final concentration of 18% PEG-6000 and 0.8 M NaCl
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Vortex mixing was continued for 30 minutes, then the IgG-loaded particles were collected
magnetically. The IgG-loaded particles Wereiwashed_ with fresh 50 mM HEPES, 0.8 M NaCl, pH
7.0, and the wash solution was removed. The wash buffer was femovéd and the particles were
- washed again in the same manner. The wash buffer was removed, and the antibody was |

- resolubilized i in 50 mM HEPES 1 M NaCl, pH7. A 1 mL column packed Wlth an |
,-V.'electroposmve-hydi OphOblC chromatography med1mn (Capto adhere, GE Healthcare) and

-equlhbrated to the same conditions. The solublhzed IeG was applied to the column, where the
' IgG bound and some contammants were understood to have bound, while residual PEG bind. A
5 column volume wash with ethbratlon buffer was then applied to more thoroughly eliminate
“unbound components from the system. The IgG was eluted with a 10 column volume linear
gradxent ending at 50 mM HEPES, 300 mM NaCl, pH 7.0. Purification performance is indicated
by the foIlowmg Table where post con indicates post-conditions, post-NP: indicates post
nanoparticles, and post-CA indicates post Capto adhere The left-hand value under recovery
indicates recovery for that step, while the right-hand value indicates cumulative recovery for
previous steps plus that step. bld indicates below limit of detection. For more details refer to

Gagnon et al 2014 supra:

Step | ‘ HCP @pm) DNA(ppm) Agé-;fegates (%) Recovery f’A)
Haes 2535 sas3 | 135 1001100
Post-con. 91275 9} 488  osis
Post:NP 441 bld 550 87/84
Post-C". 2 bld - <0.05 | 81/69

[00148] Example 11. An IgG-containing cell culture harvest containing 176,244 ppm host

~ protein contaminants and 19% aggregétes was conditioned by addition of 1% allantoin, 4%
electropositive ineta} affinity particles (TREN 40 high;_Bio-Works), ‘mixed for 4 hours at room
temperature. A sample removed for analysis showed reduction o;f host proteihs, to 90,259 ppm,
and aggregates to 1.2%. The pH was reduced to 5..2, 0.5 % caprylic acid was added, and the

' mixture incubated for 2 hours. A sample removed for analysis showed host proteins at 1,758 A
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ppm and aggregates at about 0.4%. Solids were removed through an electropositive depth filter
(Sartorius PC1). Host proteins were reduccd to 135 ppm and aggregates to Iess than 0. 05% The
' antlbody was pur1ﬁed by precipitation in 18% PEG-6000 at pH 7.0. The prec:1p1tate was then

. washed with 1.8 M ammomum sulphate to remove PEG, then the antibody was resolubilized in

50 mM. Hepes, pH 7 0, Host protem was reduced to-32 ppm. After apphcatmn to an anion
| eXchange chromatography column (UNOsphcre Q, on—Rad) operated n VOld exclusion mode at
| 50 mM Tris, pH 8.0, host protem was reduced to less than 1 ppm. A parallel expcnment dxffenng ’
h only in the PEG' prempltatlon bemg conducted in the presence of 800 mM NaCl reduced host
p’rotem to less than ! ppm. The anion exchange step reduced host protein and aggregates to an
undetectable level. The method of amon exchange chromatography in v01d excluswn mode 18

_.described by R. Nlan etal (J. Chromatogr A 1282 (2013) 127—132)

[00149] ' '_Example 12. An IgG-containing cell culture harvest containing 286,010 ppxn‘host
| protein contcminants and 23% aggfegates was conditioned by addition of 1% »éllontoin and
0.025% cthacridine, and incubated stirring at room tempera‘t’ﬁre for 1'hour. A 1:1:1 mixture of
paﬁi’cl_es’ (Chelex-l()(), MacfoPrep tB'utyl, Macroprep High Q, Bio-Rad) were mixed, equilibrated
to physiological conditions, and settled mixed particles were added to the harvest in a combined
amount of ‘S%, then mixed for 2 hours at room temperature Host protein was reduced to 43,058
ppm and aggregates to 3.4%. In one series of experiments conducted at pH 8. O the sample was
fractionated by precxpxtanon with PEG-6000, in separate experiments where the concentration
was 600 mM, 800 mM, 900 InM, and 1000 mM (1 M). The precipitates were then washed in
: PEG 50 mM Tris, pH 8.0, after which the antibody was resolubilized in 50 mM Tris, pH 8.0.
Host protein in that series was reduced to 51, 55,45, and 41 ppm respectively. Anion exchange
pamcles in the form of Dowex AG1X2 (Blo-Rad) were added to each sample in an amount of
5% v/v and mlxcd for 60 minutes. Host protein across the series was reduced to 16 17,15, and »
13 ppm. Another series of expenmcnts was run, identical in all details except the initial PEG
‘preci;')itation was performed at pH 7.0. Host protein after the PEG step was 44 ppm for the 600
mM NaClirack, 43 pprn forﬂ-tne 800 mM track, 29 ppm for the 900 mM track, and 31 ppm for
the 1000 mM track. After Dowex treatment, host protein was reduced to 20, 1‘.7,‘12, and 16 ppm -

respectively.
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{00156] Example 13. An IgG-containing cell culture harvest containing 286,010 ppm host
protein contaminanté and 23% aggregates was conditioned by addition of 1% allantoin and
0.025% ethacridine, and incubatedl stirring at room temperature for 1 hour. A 1:1“: 1:1 mixture of
particles (Chelex-100, MacroPrep tButyl, MacroPrep High Q from'Bio-Rad), and eleétroposi_tive
metal afﬁnity ‘paﬁicles (TREN 40 high from Bio-Works) were mixed, equﬂibrated to _
physmlogmal condltxons and settled mixed pamcles were added to the harvest in a combmed ‘
amount of 5%, then mlxed for 2 hours at room temperature Host protem was reduced to 38,061
ppm and aggregatesto 1.4%. In a series of experiments conducted at pH 8.0, the sample was.
fractionated by prempxtatlon with PEG-6000, in separate expenments where the concentration of
‘NaCl was 600 mM, 800 mM, 900 mM, and 1000 mM (1 M). The pre01p1tates were then washed
in PEG, 50 mM Tns, pH 8.0, after Whlch the. antibody was resolubilized in 50 mM Tris, pH 8.0.
Host protem was reduced to 79, 69, 56, and 57 ppm respectlvely Anion exchange particles in the
form of Dowex AG1X2 (Bio-Rad) were added to each sample in an amount of 5% v/v and
mixed for 60 mmutes. Host protein across the series was reduced to 18, 17, 16, and 13 ppm.
‘Another series of exiacriments was run, identical in all details except the initial PEG precipitation
was performed at pH 7.0. Host protein after the PEG step was 94 ppm for the 600 mM NaCl
track, 62 ppm for the 800 mM track, 67 ppm- for the 900 mM track, and 46 ppm for the 1000 mM

track After Dowex treatment, host protein was reduced to 28,9, 23, and 17 ppm respectively.

[00151] Example 14. An IgM containing cell culture harvest éontaining 321,483 ppm host
protein and 26% aggregates was conditioned by additi,oﬁ of 1% allantoin, 0.025% ethacridine,
and NaCl to produce a conductivity of 25 mS/cm. The mixture was incubated for 1 hour, solids
were removed by centrifugation, and the liquid was flowed through a coluxﬁn packed with equal
proportions of MacroPrep Tbutyl, Macroprep High Q, Macroprep High S, and Chelex 100,
where the volumetric ratio of column to havaest Waé 5%._Host protein was reduced to 73,663
ppﬁ and aggregates were reduced fo 0.8%. ”fhe sample was fractionated in parailei but separate
experiments, both with 13% PEG-6000 at pH 7, one with 100 mM NaCl, the other with 800 mM
‘NaCl. The precipitates were then washed with 13% PEG, 50 mM Hepes, pH 7.0 to remove the
excess salt, then the IgM was resolubilized with 50 mM Hepes, pH 7.0. Host protein at 100 mM. -
NaCl was reduced to 7,411 ppm Host protem at 800 mM NaCl was reduced 10417 ppm. |

Aggregate content mcreased to L. 1% The samples were apphed to an anion exchange monolith
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» (CIM QA, BIA Separations) at pH 7.0 and eluted with a sodium chlotde gradient. Host proteins
inthe sample cbrresponding to PEG precipitation at 100 mM NaCl were reduced to 1,-424 ppm.
Host proteins in the sample corres;i‘on'din‘g {0 PEG precipitation at 800 mM NaCl were reduced
to 63 ppm. Aggregatés were less than 0.01% for both preparations.

[00152] Exémpie 15. (_}_pntamjhan’; removal by caprylic acid precipitétion in conjunction with
treatment by functionalized particles,vfollovwed bj/ PEG precipitation at 860 mM NaClL : Different
amounts of .cap'rylivc'acid were added to cell culture harvest clarified by cenhiﬁlgatibn, to final
'. cohcentrations_of 0.1,0.2,0.3, 0.4, and 0.5% resp‘ectively. Allantoin was added to each sample
to a final concentration of 1%. Neither pH nor salt concéntration was adjusted. Final pH at
0.4% capfylic"acid was 5.4. The mixtures were stirred for 2 hours. Splids were remo{fed by
| . passing the sanﬁple thrqu‘ghva 0.22 @m microfilter. The filtrate was théﬁ passed through a column |
: containingi-anequal parts mikture of porous paﬁicies bearing TREN, iminodiacetic acid, and
 butyl ligands (WORKBEADS™ TREN 40 High from BioWorks, Chelex-100 from Bio-Rad, and
Macro-Prep T-butyl from Bio-Rad, ges’pecﬁvely), where the combined volume of particles was
5% of the applied sample volume. Host cell protein was reduced from an original 242,888 ppm
of IgG in the hgﬁést t0 233,318in0.1% capryﬁc acid; 193,400 ppm in OL2%;_57,519 ppm at
0.3%; 38,602 ppm at 0.4%; and 42,666 ppm at 0.5%. IgG fragments, including free light chain
and light cﬁain dimers were reduced from 12.2% in the harvest to 5.3% at 0.3% caprylic acid; |
3.4% in 0.4%; and 3.6% in 0.5% cabrylic acid. There was no fragment reduction at 0.1 and
0.2% caprylic acid. Aggregates were reduced from 1.28% in the harvest, to 1.22% in 0.1%
 caprylic acid, 0.87% in 0.2% caprylic acid, 0.31% in 0.3% caprylic acid, ahd were undetectable
(leés than 0.05%) at 0.4 and 0.5% caprylic acid. IgG recovery across the caprylic acid
concentrations was 99% in 0.1‘% caprylic acid, 99'% at 0;2%, 95% ai 0.3%, 99% at 0.4%, and
95% at 0.5%. After treatment with the mixture of porous particles, host brotein was reduced té
" 4205 ppm in the éample trea_ted”\lwitﬁ 0.4% caprylic acid, representing a reduction of 98% and
'. 1e‘av'ing thé antibody at greater than 99% pure, with 1% fragmehts and no measurable aggregate,
E w'ith an overall IgG recovery of 99%. The antibody Was further purified by precipitation with
polyethylene glycol (PEG-GOOO), conducted at 20.5% PEG, 800 mM NaCl, 50 mM Hepes, pH
7.0. After PEGprecipifati‘on of harvest treated with 0.4% caprylic acid, host proteins were
reduced to 11 §pm, aggregates to 0.09%, and light chain ﬁjagmeﬁts were undetectable. After
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PEG precipitation of hafvest treated at 0.5% caprylic acid, h'QSt protein was reduced to 13 ppm,, .
aggregates to 0.1 %, and light chain fragments were pndetecfable.- These results both corréspond
to-a 99.9995% reduction of host ;Sr'o'gein. In a parallel control experiment where the harvest was
not treated by the present method, PEG precipitation reduced host protein to 67,687 ppim. The
more than 6,000-fold improvement provided by the discloscd method illustrates»‘two distinct

benefits. The obvious benefit is that reduction of host proteln contamination by the present
‘method permits a foHow—on method: fo achieve a yet greater reducnon of host protein
contamination. It also h1c,hhc,hts the benefit that the disclosed methods particularly remove
contaminants that interfere with the ability of the purification method itself to achieve its best

results,

{00153] | The present embodiments may.be combined with other pmiﬁcaﬁon methodé to
achieve higher levels of pﬁriﬁ.éatién; Examples of such other puriﬁcation‘ rﬁethods include, but are - ;
: nof limited to, other methods commonly used for pu'riﬁéatioﬁ of IgG, such as protein A and other -
forms of affinity chromatography, anion eichange chromatography, cation exchange
chromatography, hydrophobic interaction chromatography,. immobilized metal afﬁm'ty
chromatography, and additional mixed mode chromatography methods; also methods of

~ precipitation, crystallization, and liquid-liquid extraction. It is within the purview of a person of

| ordinary skill in the art to develop appropriate conditions for the various methods and integrate
them w1th the methods dlsclosed herein to achieve the necessary punﬁcatlon of a particular

antlbody

[00154] * Al references cited herein are incorporated by reference in their entirety and for all
purposes to the same extent as if each individual bublication or patent or patent application was
speciﬁcally' and individuaily indicated to be incorporated by reference in its entirety for all
purposes. To the extent publicatidns and patents or patent applications incorporated by reference
contradict the disclosure contained in the specification, the specification is intended to supersede

~ and/or take precedence over any-such contradictory material. '

[00155]  All numbers expressing 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 numerical parameters set
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forth in the specification and attached claims are approximations that may vary depending upon

-the desired performance éought to be obtained by the methods disclosed herein.

'[0ﬁ156] Many modxﬁcauons ahd vanatxons of the methods disclosed herein can be made -

' W1thout departmg from its spmt and scope, as will be apparent to those skilled in- the art. The -
ispemﬁc embodiments described herein are offered by way of example only and are not meant to‘
be limiting in any way. It is mtended that the specification and. examples be considered as -
exemplary only, ‘with the true scope and spmt of the d1sclosed embodlments bemo indicated by

the following claims.



WHAT IS CLAIMED IS:

1. A method for the purification of a desired protein from a protein preparation comprising:

conditioning the protein preparation by treatment with soluble organic multivalent ions,
immobilized organic multivalent ions, or both, optionally in the presence of supersaturated allantoin,
thereby removing at least 90% of chromatin, then

(1) precipitating the desired protein with polyethylene glycol (PEG)in the presence of
non-protein-precipitating salts at greater than physiological concentration to provide a precipitate
of the desired protein; or

(2) precipitating the desired protein with the polyethylene glycol in the absence of non-
precipitating salts at greater than physiological concentration to provide a precipitate and
subsequently washing the precipitate with the polyethylene glycol in the presence of non-protein-
precipitating salts at greater than physiological concentration;

wherein the precipitating or washing step is optionally carried out in the substantial

absence of a protein-precipitating salt, and optionally without adjusting the pH of the desired
protein to a value within 0.5 pH units of the isoelectric point of the desired protein; and

optionally washing the precipitate with a protein-precipitating salt in the absence of a
non-ionic organic polymer, where in the precipitating salt is present at a sufficient concentration

to keep the desired protein in a precipitated state.

2. The method of claim 1, wherein conditioning the protein preparation with organic

multivalent ions comprises contacting the sample with an electropositive organic additive.

3. The method of claim 2 wherein the electropositive organic additive is one or more from
the group of soluble cations consisting of methylene blue, ethacridine, chlorhexidine,

benzalkonium chloride, cetyltrimethylammonium bromide.

4, The method of claim 2 wherein the electropositive organic additive is one or more from
the group consisting of a cation that is insoluble due to its immobilization on a solid surface,
including a primary amino group, a secondary amino group, a tertiary amino group, a quaternary
amino group, a complex cation containing more than one positive charges conferred by one or

more types of amino groups.
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5. The method of claim 2 wherein the electropositive organic additive is 2(aminoethyl)

amine (TREN) immobilized on a solid.

6. The method of claim 1, wherein conditioning the protein preparation with organic

multivalent cations comprises contacting the sample with an electronegative organic additive.

7. The method of claim 6, wherein the electronegative organic additive is one or more from
the group of soluble anions consisting heptanoic acid, octanoic acid, octenoic acid, nonanoic

acid, nonenoic acid, decanoic acid, methyl blue.

8. The method of claim 6 wherein the electronegative organic additive is one or more from
the group consisting of an anion that is insoluble due to its immobilization on a solid surface,
including a phospho group, a carboxyl group, a sulfo group, a complex anion containing more

than one negative charge conferred by one or more types of negatively charged groups.

9. The method of claim 6 wherein the electronegative organic additive is iminodiacetic acid,

nitriloacetic acid, or a combination of the two.

10, The method of claim 2 or 6 wherein an electronegative organic additive or electropositive

organic additive has a 1:1 affinity for metal ions.

11. The method of claim 1 wherein allantoin, if included, is present in a supersaturating
concentration in a range from the group consisting of 0.6 to 50%, 0.7 to 20%, 0.8 to 10%, 0.9 to

5%, 1 to 2%, or an intermediate value.

12. The method of claim 1 wherein the polymer size is in a range from the group consisting
of 1000 to 12,000 Daltons (D), from 2000 to 8,000 D, 3000 to 6000 D, or an intermediate size
such as one from the group consisting of 1500 D, 3500 D, 4000 D, 6000 D.

13, The method of claim 1 wherein the non-protein-precipitating salt comprises one selected
from the group consisting of sodium acetate, potassium acetate, sodium chloride, potassium

chloride, and combinations thereof.

14.  The method of claim 1 wherein the non-protein-precipitating salt is added to a

conditioned cell culture harvest in an amount sufficient that the salt concentration after addition
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of the polyethylene glycol is greater than physiological concentration by an increment ranging

from about at least 0.05M to about 2.0M.

15.  The method of claim 1, wherein an individual salt or a combination of non-protein-
precipitating salts is added to a cell culture harvest to elevate the overall salt concentration above
the normal physiological salt content, and the excess of non-protein-precipitating salt is

maintained in conjunction with the addition of the polyethylene glycol.

16.  The method of claim 1 wherein the non-protein-precipitating salt is added to a protein
preparation in conjunction with addition of the polyethylene glycol (PEG)so that the final salt
concentration is greater than normal physiological concentration by an increment of at least

0.05M.

17.  The method of claim 1 wherein the non-protein precipitating salt is added so that the net
salt concentration of the protein preparation is higher than the normal physiological value in a
range from the group consisting of 200 mM to 2 M, 300 mM to 1.5 M, 400 mM to 1 M, 500 mM

to 800 mM, or an intermediate value.

18.  The method of claim 1, wherein the non-precipitating salt at a concentration of at least

0.2M are included in a wash solution to maintain an excess already existing in the precipitate.

19.  The method of claim 1, wherein when the non-precipitating salt is absent in an initial

precipitation step, they are included in at least one washing step.

20.  The method of claim 1 wherein a precipitate may be washed with one or more
precipitating salts at a concentration sufficient to maintain the desired protein in a precipitated

state.

21.  The method of claim 1, wherein the precipitating salt is selected from the group
congisting of sodium sulfate, potassium sulfate, ammonium sulfate, sodium phosphate, potassium
phosphate, ammonium phosphate, sodium citrate, potassium citrate, ammonium citrate, and

combinations thereof.
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22.  The method of claim 1, wherein the desired protein is a naturally occurring protein, a

recombinant protein, an antibody, a monoclonal antibody, an IgG antibody, or an IgM antibody.

23. The method of claim 1, where the preparation is a bodily fluid, milk, plasma, serum, or a

cell culture harvest,
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