METHODS FORREDUCING CHROMATIN CONTENT IN PROTEIN
PREPARATIONS BY TREATMENT WITH ALKYL CATIONS

BACKGROUND

[0001] Embodiments disclosed herein relate to methods for enhancing purification of proteins,
including antibodies. They particularly relate to methods for teducing the level of aggregates and can
be combined with metheds of cell culture harvest clarification. They further relate to integration of
these capabilities with other purification methods to achieve a desired level of protein purity,

[0002] Aggregate removal is an important aspect of protein purification. It has been shown that
low concentrations of the yellow fluorescent heterocyclic dye ethacridine reduces aggregate content
of antibody preparations, and that this result may be due, in part; to chromatin removal (Gan ezl J.
Chromatography A 1291 (2013) 33-40). Ethacridine has a long history as a protein precipitating
agent. .

[0003]  The surfactant cetrimonium bromide is used as a topical antiseptic. It is also used in the
production of gold nanoparticles, and widely in hair-care products. Tt is used in the field of protein
analysis where it improves resolution of complex glycoproteins in polyacrylamide gel
electrophoresis, and in DNA extraction. It is not known to have applications in the field of protein
Tractionation.

SUMMARY

[0004]  Described herein is a method of reducing aggregate content in a preparation comprising a
target protein, the method comprising contacting the preparation with an alkyl cation to form a
mixture and contacting the mixture with at least one funectionalized solid to remove excess alkyl
cation. In one aspect, the present invention refers to a method of reducing aggregate content in a
preparation comprising a target protein, wherein the target protein comprises an antibody of the class
TIgA, 1gD, IgE, IgG or IgM, the method comprising: contacting the preparation with an alkyl cation to
fortn a mixture, wherein the alkyl cation is sclected from a bromide or chloride salt of a quaternary
anumonium cation selected fiom the group consisting of cetyl trimethyl ammonium; N,N,N-
Trimethyl-1-heptadecanammonium; N,N,N- -Trimethyl-1-octadecanammonium; NN N—Trlmethyl-l—
pentadecanammonium; and N,N,N-Trimethyl-1-tetradecanammonium, and the alkyl cation is present
in the mixture at a concentration of 0.001% to 1% (w/v); and contacting the mixture with at least one
functionalized solid to remove excess alkyl cation.

DETAILED DESCRIPTION OF THE DISCLOSED METHODS

[0005] The methods disclosed herein provide a means of reducing protein aggregates in a sample
confaining a desired protein by treating the sample with alkyl cations. In some embodiments, the
reduction of complexes and/or aggregates may be achieved with ultralow levels of alkyl cations. In
some embodiments, the sample may be treated at elevated conductivity values {using-elevated salt
concentration). In some embodiments, the treated sample may be subsequently exposed to solid
materials bearing chemical moieties that selectively remove alkyl cations and aggrepates from the

protein preparation..



WO 2015/130223 _ ‘ . PCT/SG2014/000087 -

:-[0006] Additionﬂly, kits are proﬁded for the pﬁriﬁcation of proteins by the methods disclosed '-
herein. In some embodiments the disclosed methods provides for the reduction of aggrega{es from
' preparationé-of antibodies or other proteins through the contact of such desired protéin with one or

. morealkyl cation. In some embodiments, the disclosed methods may be practiced at a fange of

o cor‘iductivity levels from so-called physit')logical conditionS' to- cdndﬁctivity values ﬁp to three or more -

'tames greater than such conditions. Such elevated conductmty levels ‘may pcnmt the method to be
apphed to acidic. protems without nskmg their prec1p1tat10n during treatment, a.nd thereby increase
the: diversity of desired protein species to which the disclosed methods may be applied. As a point of
reference, physiological conductivity is géx_lerally understood to include a fange from abquf 12

'mi'lliSir-J_rnens pér ém (mS/em) to about 17 mS/cm. . _ B ' '
[0007]  In some embodiments, the disclosed methods may be practiced with ultralow
concentranons of the alkyl cations; such as about 0.01% to about 0. 05% mcludmg any values and

" ranges in between. In some embodiments, the: disclosed methods prov1de contact:mg the treated
protein preparatlon with solid materials that enhance the overall ability of the treatmerit to reduce
aggregate content, usually m parallel withreducing host protem contarmnatlon and provide the

' addmonal advantage of removing excess. .alkyl cations. In some embodnnents, the alkyl cation is

" cetyl tnmethyl ammonium bromide.

[0008]  Insome embodiments, the disclosed methods prov1de for reducmg 1evels of aggregates -

. which have high molecular weight in comparison w1th the des1red_ protem,‘ such as homo-aggregates,
- and also for reducing levels of a'ggrégatcs of hyd;'odynanﬁc size only modestly greater than the

desikr‘ed‘protcin,'."such as hetero-aggr.egates: In some embodiments, éggrega‘tes comprise hetero-

) aggregatés of the desired protein and a contaminant and in certain such embodiments the
contaminant is é.'nucleic acid, nucleotide, endotoxin, metal ipn,- protein, lipid, or éell culture media

_ cdmponcnt.< In some embodiments, the presence of homo-aggregates of the:desired protein is
subs)tantially eliminated. ‘In some embodiments, the i:aresenc‘e of hetero-aogrégétes of the desired
protcm and a contaminant 1s substantlally climinated. In some embodlments the presence of homo-

- and hetero-aggregates not 1nclud1ng the desired protein are substantlally eliminated.
[0009] In some e;mbodxments, the disclosed methods additionally provide for the reduction of -
contaminants such as DNA, endotoxin, and, virus levels aldng with reduction of aggregates. In some

- embodiments the disclosed methods is practiced with the additional inclusion of antiviral agents

. beyond the alkyI cation itself.

i
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‘ [0_010] - In some embodiments, the protein épeci'es of interest (e.g., the desired.p.r-otein to be
purified) is of recombinant origin, and the protein preparation may include a éell-containing'ceil -
. cultiare harvest ,a cell culture supematant clarified cell cultuie supematani an eluate from a .
chromatography column, or protem—contaxmng solutlon obtained from aprevious stage of
purlﬁcatmn In some embodiments, the protein preparauon contains an aniibody and in certain of
such embodiments the annbody is an IgG an IgM ora ﬁ'agmentary form thereof, or a fusion protcm .
of an antlbody or antlbody fragment such as an Fe-fusion protem In some embodnnents the desired
protein may be a clotting protein, such as Factor VIIL In some embodiments, the desired protein may
bea peptide hormone, such as human growth hormone. |
[001 1]  Insome embodunents the disclosed methods are practmed such that the conductmty of
the sample is-ata. sufﬁcxently high level to substantially avoid precipitation of the desired protein
from the sample. Condugctivity may be adjusted by addition of salts or diluents according to methods
: known in‘the art. In.some embodiments the conductivity is SmS/cm" 10 mS/cm, ISﬁS/cm or
20mS/cm greater T,han the lcvel datermmed to be needed to avoid substantial precipitation of the
des1red protem “In some embodiments, the conductlwty is greater than 20mS/cm, 25 mS/em, 30
mS/cm 35mS/em, 40 mS/cm, 45ms/cm or greater than 45 mS/em. The ability of the method to )
remove 1mp0rtant subsets of contammants at elevated conductivities represents one of the surpnsmg -
. features of the disclosed methods, since charge mteractlons in these Systern are known to be reduced
at elevated conduc_tmues.. At conductwmges of 25 mSfem and higher for example, only a minority of
-negatively charged proteins are known to bind to electropositive surfacés. Apart from the i:résent
method, application of most eleétropdsitiire ageﬁts to preparations of IeG antibodies occurs at
' conductwmes less than 5 mS/cm, and usually with the additional operatmg requirement of alkaline
lpH Such an operaimg pH isnot a reqmrement of the present method It will be apparent to the
person of ordinary skill 1 n the art that elevated conductivity may have the effect of weakening
' internal electri_):_statié associations within aggregates and thereby increasé the abilify-of the methodto -
' achiev.c dissociation of aggregates and/or removal of coritainiinants' associated with the desired
protein, *- | o _ . . . :
[0012] | In some embodiments; the alkyl cation is cetyl triniethy] ammoniuin bromide (JUPAC
name: N,N,N-Tﬁmethyl;l-hexadecanaminium_bromide, an analogue, or a salt thereof. Cetyl'tximethyl
. ammonium bromide is also known as cetrimonium bromide. Analogs include alkyl cations with
differem-_ﬁumbers_of carbon residues, such 12,51_3, 14, 15, 16, 17, 18, 19, 20, 21, 22,23,0r24

.carbons which maybeina branched or linear configuration:. The cationic group may consist ofa
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.quatemary amine, a primary amme, a seconda:ry amine, a temary amine, or a combination of positive

charges such as embodled by Trls(2 ammoethyl) amme

[0013] In some embodlments the alkyl cation is provided at substanually the lowest

~ -concentration sufficient to promote the desired degree of reduction of aggregates. In some

- embodiments, the coneentratlon of the alkyl’ catlon may be less than {on a weight per volume basis)

1%, 0. 5%, 0. 25%, 0.1%, 0.05%, 0.04%, 0.025%, or 0. 001% In some embodn.nents the.
eleetroposmve organic additive is prowded in concentrations of 0.01-0. 04% or 0.02-0. 025%

[0014]  Insome embodiments, the disclosed methods may be practiced at pH levels chosen to

.-avoid or hmlt precipitation of the des1red protem while reducing the amount of aggregates in the
sample. The pH level may be adJusted by convennonal means and may be chosen in conjunction

with the selection of the conductlvﬂy In some embodiments, the pH of the sample is between

‘approximately 4 and-approximately 9, between apprommately 5 and apprommately~8 or between
approxunately 6 and approxunately 7.5. ' '

"+ [0015] .. In-some embodiments, the sample is addltlonaﬂy contacted w1th an antwn"al agent
beyond the alkyl cation jteself. In certain of such embodiments, the antiviral agent is a non-
multivalent organic eatlon such as a benzalkonium chioride, chlorhex1d1ne ethacridine, or tri (n—

- butyl) phosphate. Suc:h antiviral agents may beé present in an amount less than approximately 1%

(wiv), less than approximately 0.1% (w/v) or less than apprommately 0.01% (w/v) or less than

| approxunately 0.001%. _ '

.[0016]  In some embodiments, the method. add:tlonally mcludes the step of contac’ung the sample
" with a ureide in an amount sufficient for the ureide to be undissolved in the sample The supernatant

_contammg the desired protem can then be separated from the balance of the sample including
| precipitated contaminants. In certain of such embodiments the ureide i is supphed prior to the step of ’

- contacting the sample with the electropositive orgamc addmve in others the ureide is supplied
‘substantially simultaneously with the step of contacting the. sample with the electropositive organic -
addiﬁve, and in yet others the ureidé lS supplied after the step of ,eontacting the sample with the - .

.electropositive organic additive. In certain snch embodiments, the ureide can be any of uﬁe' acid,

.. hydantoin (imidazolidine-2,4-dione), alcloxa, aldioxa; hemocane, ureidohydantoin; 5-

~ ureidohydantoin, glyoxylureide glyoxyﬁe acid diureide, 2,5-dioxo-4-imidazolidiny! urea (aﬂnntoin),

mndazolydlnyl urea, dlmudazolydmyl urea, and a purine. In some embodlments the ureide is

allantoin and in some such cases'the allantem is present in concentrat:ons greater than 0. 56% (W/v)

1%, 1.5%, 2%, or greater. Tn some embod1ments the urelde is unc acid and in some such cases the.
3
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 uric acid is present in concentrations greater than 0.0025% (\tr/v), 0.005%, 0.01%, 0.05%, 0.1%, 1%
or greater. ' o -
[0017] " In some embodnnents the mcthcd additionally mcludes the step of contactmg the sample-
with a ureide in an amount where the urcxde is fully dissolved. In certain such embodiments, the . '
soluble ureide can be urea -1m1dazolyd1na1 urea, or another ureide. _In some embodiments the ureide

is urea and in some such cases the urea is present in concentrations greater than 0. 3 M or greater

than 1 M, or greater than 2-M, or greater than 4 M, or than 6M, or greater than 8 M. ThlS emphamzes
again the surprising nature of the method, where avoidance of precipitation is a part1cular object of
the method. Highly soluble ureides such as urea have the general effect of i increasing the solubzhty of :
many compounds, which is to say their presence opposes the formation of prec1p1tatcs

[0018] Tn some embodiments, the utility of the disclosed methods is enhanced by the fact that
they also accelerate sedimentation of cell debris i in cell culture harvests ‘and substantially reduces l'
levels of DNA, endctoxm and v1rus, when present Expenmental data suggest that the ability of

some ure1des 10 preferentlally mteract with aggregates endotoxin, and v1rus contribute to these
results, and that low fevels of dissolved urcides may contribute to the h13her antibody recovery they

| support n comparison 1o treatment with multtvalent cations in the absence of ureides. Following

treatment, solid matenals may be removed by sedunentatlon or filtration, Jeaving the substantially
aggregate-free protem in the supernatant. S _

'[0019] , In some embodiments, the d1sclosed methods may be pract1ced with the additional step of
contacting the satnple with a soluble organic modulator such as a nomomc organic polymer, organjc |
solvent, surfactant or ureide. In certain of such embodiments the step ‘of contacting the sarnple w1th

 the organic modulator occurs prior to the step of contactmg the sample with the electropositive
organic additive. In_others, the step of contacting the sample with the organic modulator occurs
substantially simultaneously with the step of contacting the sample with the electropositive organic
addltive., In yet others, the step of contacting the sample with the organic modulatof_occurs after the
step of'contacting the sample with the elcctropositix}e organic additive. In some embodimeots the
organic modulator is a ncmomc organic polymer such as polyethyl ene glycol polypropyl ene glycol
and polybutylene glycol and in certain of such embodiments the nonjonic organic polymer has an
average molecular weight of approximately 1000D or less, 500 D or less, 250 D or less, or 100 Dor -
less. In some emloodiments the organic modulator is an organic solvent such as ethylene glyccl';-

A propylene glycol, butylene glycol d1methylsu1fcx1de ethanol, or phenoxyethanol In'some

embodlmcnts the organlc modulator is prowded at a concentrattcn of approxnnately 1% (w/v) or
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greater. In some embodlments the organlc modulator is a surfactant such as Tween, triton, CHAPS L
CHAPSO or octyl glucoside and in certain of such embodiments the surfactant is providedata = -
concentrat}on of -approx1mately 1% (w/v) or less, approx1mate1y 0.1% or less or approximately
0. 02% (w/v)-or less. In some embodlments the organic modulator is a ureide provided in a
. subsaturating amount and in certain of such embodiments the ure1de is urea, hydantoin, or allantoin.
.[0020]  In some embodiments, the disclosed methods prov1de for a kit for the convenient practice -
of certain methods of the disclosed methods. Such kit may orovide reagents useful for the practioe of
the disclosed methods such ohe or more-of multivalent organic cations, ureides, organic modulators,
an‘uvual agents and reagents for the adjustment of conducttwty The kit may prowde materlals ut
amounts and concentrations adapted to the practlce of the dlsclosed methods for use in the
purification of proteins. Such kits may be adapted for use W1th certain proteins such as IgG or IgM
antibodies and may be adapted to quantmes sultable for certain scales of protem preparatlon and :
purification. - . _— :
X [0021]  Insome embodlments the dxsclosed -methods may be followed by contact of the sample E
with solid materials with the infent of the solids having the effect of seléctively removing the €XCess
alkyl cations or other sample components from the sample prior to additional processing.
[0022] ' In some embodiments, the disclosed methods may be combined with conventional
protein purification methods to achieve higher levels of purification or to remove other contammants
For example, the d1sclosed methods may be practiced in preparation for conventional purification
methods mvolvmg precxpxtation chromatography, and liquid-liquid extraction methods. It is within -
the ability of 2 person of ordinary skill in the art 1o develop appropriate conditions for these methods
and integrate them with the dlsclosed methods descnbed herein to achieve the desired punﬁcatlon of
a product. ' _ _ ' '
{0023]  In'some embodiments, operaﬁng conditions may be varied with respect to pH, and/or by
the presence of chelating agents, organic -polynoers or solvents, surfactants, chaotropes, and various )
species of salts in order 1o modulate the degree to.which aggregates are reduced and the desxred
protein remains in solution.. ' -
[0024] In some embodlments, there are provided'm'f‘:thods of reducing-aggregate content in a
_ preparation cornprising a target.protein the method comprising contacting the preparation with an
a]kyl ecation to form a nuxture and eontactmg the mixture w1th at ]east one ﬁmctionahzed solid to

remove €XCess alkyl catlon



[0025]  Insome embodiments, methods may further comprise contacting the mixture with an aryl
cation. In some such embodiments, the aryl cation may be ethacridine or methylene blue. In some
embodiments, the combined concentration of the alkyl and aryl cations may be the same as the
concentration as when the alky] cation is used alone. In such embodiments, the alkyl cation is present
in a non-zere amount:

[0026]  In some embodiments, methods disclosed herein may further comprise contacting the
mixture, simultaneously or sequentially, with at least one electropositive solid to further reduce
aggregate content-of the preparation.

[0027]  In some embodiments, the alkyl cation comprises a bromide or chloride salt of a
quaternary ammonium cation selected from the group consisting of cetrimoniun, cetyl trimethy!
ammonium, N,N,N-Trimethyl-1-hexadecanammonium, N,N,N-trimethyl-1-heptadecanammonium,
N,N,N-Trimethyl—]-oct‘adecanammonium_, N;N,N-Trhnethyl—l-pentadecanaimmonium, and N,N,N-
Trimethyl-1-tetradecanammoniurm.

[0028] In some embodiments, the alkyl cation is present in a concentration ran ge selected from
the group consisting of:. (a) from about 0.001% to about 1%,; (b) from about 0.01 to about 1 %,.and (c)
from about 0.02 to about 0.03%.

[0029] In some embodiments, allantoin is present in a concentration range selected from the
group consisting of: (a) from about 0.6 to about 50%; (b) from about 1 to about 10%; and (c) from.
about 1 to about 2%.

[0030}]  Insome embodiments an operating conductivity is within a range selected from the group
consisting of: (a) from about 0.1 to about 50 mS/emi; (b) from about 1 to about 30 mS/cm; and (c)
from about 5to about 15 mS/cm.

[0031)] In some embodiments, an operating pH is in a range selected from the group consisting
of: (a) from about 4 to about 10; (b) froin about 5 to about 9; and from about 6 to about §.

j0032] In some embodiments, the mixture further comprises an antiviral agent that is not the
alkyl eation, the antiviral agent being selected from the group consisting of chlorhexidine,
benzalkonium chloride, methylene blue, ethacridine, and tri (n-butyl) phosghate.

[0033]  Insome embodiments, a surface of the at least one functionalized solid promotes a
chemical interaction selected from the group consisting of: electrostatic interactions, hydrophobic
interactions, hydrogen bonding, and metal affinity,

[0034] In some embodiments, the at least one functionalized solid is patticulate.
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[0035]  In st;me' embodiments, the target ptotéin éomprises one selected from the group
R con51st1ng ofa recombmant proteln an antlbody, a growth hormone and a clotting factor, '
[0036]  In some embodiments, the protein preparatmn is one selected from the group con51st1ng
| of a cell- contmmng cell culture harvest, a substantxally cell free cell culture harvest, and a partially
- purified protem A '
[0037] In some embodunents there are prov1ded klts for the convenient practlce of the method o
disclosed herein. Such kits may include all the necessary reagent for. canymg out the methods along
with instroctions. L 7 '
- [0038]  The following terms are defined so thé,t the discloSed methods may be umterStood more
- readily, Additional .deﬁnittoztv; are set forth throughout the detailed deséﬁptién‘.
(00391 ' “Aggregate(s)” refers to-an assoc1at10n of two or more. molecules that is stable at
. physmlogtcal condttxons and may remam stable over a wide range of pH and conductlv:ty conditions.
Aggregates frequently comprise at:-least one biomolecule such as a protein, mucleic acid, or hpld and
another molecule or metal fon. The association may occur through any type or any combination of
- chemical interactions. Aggregates of antibodies can be classified into two éategories:
E=Hom0aggregates" refers to a stable association of two or.more protei.ns‘ of identical composition;
“Hetero-aggregates” refers to a stable association of one or more ptotein‘s of identical or different
. composition, optionally.asspciated with one or more non-protein molecules. The non-proté_in
compoﬁent may consist of one more entities from thé group consisting of a nucleotide, an endotoxin,
ametal i 1011 a lipid, or a cell culture media component. ' N
(0040 "Antibody" refers to an unmunoglobulm comp031te or fragmentary form thereof. The
term may incTude but is not limited to polyclonal or monoclonal antibodies of the classes IgA, 1gD,
' IgE, 1eG, and IgM, derived from hurﬁan or other I_pémmaIian cell lines, including natural or |
‘ genetically niodiﬁed forms such as humanized, human; strigle cheiiﬁ chimeric, synthetic, B
recombinant, hybrid, mutated, graﬂed and in vitro generated antxbod:es “Antibody” may also
'mclude composite forms mcludmg but not limited to fusion proteins contammg an immunoglobulin
moiety. "Antibody" may also 1nclude antxbody fragments such as Fab, F(ab )2, Fv, scFv, Fd, dAb, Fc
. and other compositions, whether or not they retatin antigen-binding function. _ |

[0041]. - “Endotoxin” refers to a toxic heat-stable lip opolysacchéride substance present in the

- outer membrane of gram—negatwc bacteria that is released from the cell upon lysis.

: [0042] “Non-ionic organic polymer” refers to a naturally occurfing or synthetic hydrocarbon

" . composed of linked repeating organic subunits that lack charged groups. It may be linear, dominanily
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 linear with some branching, or dominantly branched. Examples suitable to practlce the dzsclosed

methods include but are not limited to polyethylene glycol (PEG), polypropylene glycol, and

. polyvmylpyrrohdone (PVP). PEG has a structural formula HO-(CH,-CH,-0),-H. Examples include,

but are not limited to. composmons wrth an average polymer molecular weight ranging from less than
100 to mote than 1000 daltons. ’

: [0043] . “Alkyl cation” refers to an organic cation cons:stmg of 12 or more carbon atoms in a

continuous strmght or branched conﬁguratlon, bearmg at least one positive charge where the positive

eharge which may include additional carbon atons. One example 18 cetyl trimethyl ammonium-

brom1de Alkeyl catlons may be used as salts, including brormdes chlondcs and stearates among

others _ '

[0044] - “Aryl cation” refers to an organic cation consisting of 3ringsina coplanar arrangement =

bearing at least one positive charge that may be expressed through a nitrogen atom or a sulfur atorm.

Examples include ethacridine (7-ethoxyacnd1ne»3 9-diamine; 2-hydroxypropanoic acid) and

methylene blue (7- (chmethylammo)phenotluazm— -yhdene]-dmethylazamum), as well as analogs

denvatives and salts thereof. ' "

{6045} “Organic so!vent” refers to naﬁlrally occurring or synthetic organic compound ex1st1og '

in a liquid state, Examples suitable to practice the disclosed methods include but are not limited to

ethylene glycol, propylene glycol dunethyl sulfoxxde ethanol, and phenoxyethanol

'[0046] “Organic poiymer” refersto a natural]y occuring synthetic polymer of an orgamc

monomer, Examples include but are not hmlted to polyethylene glycol, ponprOpylene glycol

7 dextran, or cellulose, among others. - A :

[0047] - “Polynuoleotlde” refers to a biopolymer composed of multipte nuclestide monomers

‘covalently bonded in a chain. DNA (deoxyrlbonuclelc acid) and RNA (nbonucle1o ac1d) are

examples of polynucleotides.

[0048} “Protein” refers to any ofa group of complex organlc macromolecules that contain

_ carbon hydrogen, oxygen ‘nitrogen, and usually sulfur and are composed principally of one or more’ _
: chams of amino acids hnked by peptide bounds. The protem may be of natural or recombinant origin. ‘.
, Protems may be modified with non-amino acid moieties such as through glycosylauon pegylatxon or -
_oonjugatlon with other chermcal moieties. Examples of protems mclude but are not limited to"

’ antibodies, cloﬁmg factors enzymes, and peptlde hormones.

[0049] , “Undlssolved ureide” refers to a. solutlon contammg an amount of urelde in excess of its

'maxmmm solublhty under the conchtmns prevailing in a particular protein preparatlon In some



WO 2015/130223 _ PCT/SG2014{000087

- embodiments, the disclosed methods provides a sample with a ureide present in ‘an amount greater
than such ureide’s solubility in'such sample un'der‘the conditions for such sample such that some
fraction of such ureides is present in an undissolved form in the sample.

10050} “Surfactant” includes “surface active agents” such as a class of organic molecules that

generally embody a hydrophobic portion and a hiydrophilic portion, causing them to be referred toas - -

-mnphlphlhc At sufficient concentrations 111 aqueous sohmons surfactants can self- associate into -
clusters with the hydrophoblc portions concentrated at the center to minimize. contact Wlth water, end
‘the hydrophilic porhons radiating outwards to maximize contract with water. In the presence of -
biological preparatlons especially those oontalmng materials that have a hydrophobic character or
possess areas of hydrophoblc character the hydrophobic portlon of surfactants tend to associate
spontaneously with some portions of the hydrophobic material and increase thelr _solubiiity through
the influence of the’ hydrophlhc portlon of the surfactant. They may also be used to modulate
hydrophoblc mteractlons that occur between dlffenng hydrophobic matenals both dissolved in an
aqueous solvent. Examples of surfactants suitable for practicing some embodtments of the disclosed
.metheds include but are not limited to nonionic surfactants such as polysorbate surfactants (e.g.,
Tween 20, Polyoxyethylene (20) sorbitan monolaurate and Tween 80, Polyoxyethylene (20) sorbitan
’ monooleate) and Triton (e.g., polyethylene glycol p-(1,1,3 3—tetramethylbutyl)-phcnyl ether), and
Zwitterionic surfactants such as CHAPS (3-[(3- Cholam1dopr0py1)d1methylammomo] -
propanesulfonate) CHAPSO (3- [(3 cholarmdopropy]) dlmethylammomo]-Z—hydroxy-l—
propanesulfonate), and octyl glucoside (e.g., (2R,35,48,5R,6R)-2-(hydroxymethyl)-6-ocioxyoxane-
3,4,5-triol). R -

: [0051] “Virus” or “vit‘ion” tefers to an ultramicroscopic (roughly 20 to 300 nm in diameter),
metabotically inert, infectious agent that replicatcé only within the cetls of living hosfs, mainly
bacteria, plants, and ammals composed of an RN A or DNA core, a protem coat, and in maore
complex types, a surrounding enve]ope

[0052] I prcparatwn for using the dtsclosed methods accordmg to some embodiments, it will be
necessary to select a alkyl cat1on.. Expenmental data reveal cetyl trimethyl ammonium bromide to-be
desirable for its effectivity in.reducing' aggregates, in additioo its a't)ility to inactivate virus. Its use as
an anti-malarial drug and therapeutlc agent for treatment of methemoglobmema i ghh ghts its:
compatxblhty with in vivo humas use, and it is listed in the U. S Pharmacope1a :
,[0053] . Inthe comse of evaluation of alkyl ca’mons_ for use in some emboctlmer}ts, the conditi.;.ns :

. for application may be investigated as follows. The use of alkyl cations potentially imposes some
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_ esmetlons on the condltlons that may be used to practlee the method in some embodlments For
exampie it can be desirable to employ condltions that substantxal]y prevent strong Interactions
between the alkyl catlons and the protein of i mterest A simple method 1o obtain an approximation of
such conditions is o apply the protem of interest to an anion exchanger and elute it in a salt gradient.

* A salt concentration Just above the threshold at which the protein elutes roughly identifies the **

mlmmum conductmty at which the method may be most effectively practiced. This concentratlon

will be mﬂueneed by pH, which can be modeled ‘oy the same means. Given that the method is
applied to a cell culture supernatant an TgG antibody may not require the addition of salt or
modification of pH to avoid mgmﬁcant losses. IgM ant1bod1es may require the addition of salt, even.

S to conducnvuy values approachmg 30 mS/cm (about 2 t1mes hlgher than physmlogmal) Insome’
embodiments involving the use of undissolved ureides and eleciropositive organic additives, IgG

'app'licetions may .be'conduCted at lower ‘thazi_phyeiologieal eonducttvity, potentially includiné values

-of 1 mS/em or less, in which caee subStantia’l amounts of host proteins may be removed in '

'conjunctlon thh dtssocmtmg aggregates. Such applications may require that the coneentratlon of the
alkyl cations be increased to compensate for the amount that is lost through binding to host proteins.
Lower operatmg conductivities in such circumstances may also enhance removal of DNA, endotoxm,
and virus. In some embodiments, the disclosed methods will generally support antibody recovery
greater than 95%, and usually 98-99%. Conduetlvaty and pH eondltlons of the sample should -

- typically be established before adding either the uieide or the alkyl cations.

[0054] In some embodlments one effective means of evaluating conditions for clarified cell
culture supematants eontammg 1gG monoclonal antibodies is to cover a range of 0.01 to 0.1% alkyl
cations, and conductivities ranging from half- physmlo gical to 2 times physmlogleal The ranges can |
be extended further 1f results 1nd1eate it may be helpful to do 80, or narrowed and evaluated at finer

‘increments. ' , - ‘
[0055] In some embodiments,‘ a convenient starting point-for developing- a purification procedure

-according to the dtsolosed methods for elarlﬁed cell culture supernatants is to use (L025% eetyl
trimethy! ammonitm bromide. B ' .

[0056] In some embodnnents, it may be advantageous to begm by dispersing an organic
modulator in the protem preparanon before addmg the eiectroposmve organic additive, since that

_ 'praetme may improve antibody recovery ‘Long ncubation before addition of the electrOposmve

organic addmve appears to be unneeessary, 15 munutes or fess is adequate although there appears to
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be no d1sadvantage to longer mcubatmn Experimental data generally mdlcate that add1t10n of
 alfantoin in a supersaturating amount of about 1% i mcreases the recovery of IgG.
[0057] In some embodunents, itis recommended that the alkyl cations cation be chssolved for
examplein water or buffer, prior to its addttxon to the sample, to facilitate their rapid d1str1but1on
throughcut the protein preparation. Care should be taken to ‘avoid pers1stent local excesses; for '
example by gradually infusing the dlssolved alkyl catlons into a Well—mnung suspension. ]ncubatton
{ime should be at least 15 minutes, preferably 30, but appears not to benefit- significantly from
durations greater than 60 mimites. N o _
[0058]  The method may general]y be practlced at ambient temperature but may be conducted at
"higher or Iowcr temperatures, for example ranging from 4° to 37°C. Expenmental data mdlcate that
“the temperature does not substantially alter the obtained results, which will leave the stab1hty
requlrements of the protein the decisive factor in selection of operattng temperature
[0059).  Insome embodiments, the alkyl cation is dissolved or d1spersed for example in water or
'— ‘buffer, and the pH adjusted prior to its addition to the sample ‘This is because certain preparatlons of |
~ alkyl cations, such as free-base forms, are. aikalme and have the potentlal to substantially alter the
experimental conditions in an unintended manner. |
[0060] In some embodiments involving the use of both superstaturated m'eldes and alkyl catlons
it may generally be advantageous to begin by dispersing the ureide in the protem preparation before
addmg the alkyl cations, since expetience with the ureide aflantoin indicates that this practice can
improve antibody récovery. Long incubation before addition of the electropositive organic additive
‘appears to be unnecessary; 15 minutes or less is adequate, although there appears to be no
disadvantage to longer incubation. - - _
[0061] Mutltiple options exist for momtormg the aggregate d1ssoc1atron ore removal achieved by
the method, whether during method development or- manufacturmg The sunpiest Is to conduct
analytlcal size exclusmn chromatography on a column with suitable selectivity and momtcr ata UV
wavelength of 280 tim. This may reveal HMW (high molecular weight) aggregates since they
usaally embody hydrodynamxc dimension that reasonably confon:n to multiples of the size of the
non-aggregated product Hetero-aggregates are oommonly overlooked by this method since their

. hydrodynamtc dimensions may be only- modestly greater than those of the non—aggregated product

. _‘ In such cases, the heteromorphlc composition of the aggregate may be revcaled by calculating the

ratio of UV absorb‘ance at 254 nm to absorbance at 280 nim, then comparing that value against the
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absopbance ratio. for purified protein that is belieyed to be totally free of associated contaminants. |
Hetero-agg'regates containing DNA, for exampIe will be revealed by an elevated ratio of '254/280'
[0062] In some embodiments, the disclosed methods can be 1ntegrated with treatment to remove -
- the alkyl cations and potentially other components of the sample prior to subsequent purification.
Such treatments may include exposure of the sample to sohds beanng chemlcal moieties that are
‘ complementary in their nature to the cha.racterlstlcs of the alkyl cations with the goal that they
i sequester the alkyl cations from the remamder of the sample. Smce alkyl cations are understood to be
posmvely charged and hydrophoblc it follows that negatwely charged surfaces, including
hydrophohlc negatlvely charged surfaces, should be especially nseful for sequestering excess aIkyl
. cations. Solids of other surface composition may be included to sequester other eomponents of the
sample. '
[0063] In some embodiments, the disclosed methods‘ can be integrated with one or more
pliriﬁcation methods;.including but not limited to protein A and other forms of biological affinity
ehromatography, anion exchange chromatography, cation exchange chromatography, hydmphobie
interaction chromatography, immobilized metal affinity chromatogtaphy, hydroxyapatite or other
“mixed mode chromatography, and/or non-chromatographic methods-such as precipitation and liquid-
liquid extraction. It is within the purview of a perison of ordinary skill in the art to develop
appropriate conditions for the various methods and integrate them with the disclosed methods herein _

to achieve:the necessary purification of a particular antibody.
EXAMPLES

[0064]  Example 1. Independent effects of cety! trimethyl ammionium bromide (CTAB) versus
ethaeridine Cell culture harvest containiﬁg and IgGl monaoclonal anﬁbody at a concentration of

about 2 g/L was clarified by centrifugation and m.lcroﬁltranon Aggregate content was 21.2% and
host protein content was 225,906 pans per million of IgG Ina control series of experiments,

- different aliquots of clanﬁed harvest were mixed with 0.01 %, 0. 02%, and 0.05% ethacridine: and
mcubated stirring for 2 hours, In another series, CTAB was added to separate aliquots at the same
concentrations. Solids were removed by centnﬁlgatlon CTAB reduced aggregates to 2.5- 2 6%

_ Ethacndme reduced aggregates to 1.8 -2.0%. However, where ethacridine was eonmstently observed 7

1o convert a subpopulatlon of light chain to apparent light chain dimer, CTAB did not.

o [0065] - Example 2. CTAB mixed with allantoin, followed by contact with functionalized solids.: - .

Cell culture harvest containing and IgGI monoclonal ant;body at a concentration of about 2 g/L was
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- clarified by centnfugatlon and mlcroﬁltratlon Aggregate content was 10 5% and host protein content

was 277,980 ppm of IgG. Allantoin was added in an amount of 1% wiv. CTAB bronnde was added

in an amount of 0.05% and the ‘mixture incubated for 2 hours. Aggregates were reduced.to 2.5% and

host proteins. were reduced to 156,002 ppm. Positively charged paﬁicles (Bio-Works TREN high)

were added in an amount. of 5% v/v were added and incubatied mixing for 4 hours. Solids were
’-'.rcmovcd by ccntrlﬁlgatmn and microﬁltratlon Aggregatcs were reduced to 1 2% and host protem

" was reduced to 127,959 pp1n, with an 1gG recovery of 92%. '

[0066] ’ Example 3. In an example paraliel to Example 2, and ﬁsing the same source material, but

, wh_cre 0.05% CTAB was. substituted by 0.05% _I‘nethylenc blue, -aggregates ﬁerc.reduced 10 5.4%

versus the 2.5% by'CTAB and host proteins were reduced to 223,612 ppm versus the 156,002 ppm

by CTAB. After contact with thc TREN partlcles aggregates were reduced to 1 2% and host proteins

" {6 94,780 by methylene blue. S

[0067] E_xample 4. In an example paiallel to -E)iamples 2 and 3, and using the same source -

. material, but where 0.05% C:TA_BVwas substituted by 0.025% eﬁacﬁdine, aggregate was reduced to

3.5% and host .proteiﬁ to 174,210 ppm versus 2.5% and 156,002 by CTAB. After contact with TREN

particles, ag'gregdt_es were reduced to 1.2% and ﬁoéf.prcteins to 93,424 ppm by ethacridine, versus -

1.2% and 127,959 by CTAB. | |

[0068]  Example 5. In an example using the same source material as examples 2-4, but where

0.01% CTAB was combined with 0.04% methylene blue, aggregates were reduced to 3.4% and host -

- - protein to 157,483 versus CTAB alone with 2.5% aggregates and. 156,002 ppm. After contact with

TREN particles the combination reducad aggregates 10°1.3% and host proteins to 88,923 ppm,
Versus O 05% CTAB alone with aggregates at 1.2% and HCP of 93,424 ppm _
00697 Example 6. In an example using the- same source matcnal as examples 2-5, but where
0. 01% CTAB was combmed with 0.025% ethacrdine, aggregates were reduced to 3.2% and host
protein to 155,788 versus CTAB alone w1th 2.5% aggregates and 156,002 Ppm. After contact with
-TREN particles, the combination reduced aggregates to 1.2% and host proteins to 81 669 ppm,
versus 0.05% CTAB alone with aggregates at 1.2% and HCP of 93,424 ppm..
[0070] Example 7. In anr cxample beginning with the post-TREN treated material as produced
“by 0.05% CTAB as described in example 2, the sample was then passed through a pair of depth
filters (PB1 and PCl, Sartonus) Aggregates were reduced to 0.2%, and host protems were reduced -
: t031987ppm
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[0071] . It will be undereteod by the person of ordinary skill in the art:how to scale up ot scale -
down the results from experlments such as those descnbed in the above examples o whatever
volume reqmred to meet their parncular tequ1rements
[0072] All references cited herein are incorporated by reference in their eritirety-and-"for &Ii
~ purposes to the same extent as if each individual pub11cat10n or patent or patent apphcatlon was _
- lspemﬁeaﬂy and 1nd;v1dually mdxcated to be mcorporated by reference in its entirety for all purposes L
E To the extent pubheations and patents or patent applications meorporated by reference contradict the
 disclosure contained in the specification, the specification is intended to supersede and/or take |
.precedence over any such contradictory material. o
" .[0073] All pumbers expressing quantities of mgredlents chromato graphy eondmons and 56
' forth used in the specification and claims are to be understood as bemg modified in all instances by
ﬁe term "about." Accordingly, unless indicated to ;(he contrary, the numerical parameters set forthin - -
the specification and attached claims are apprommauons that may vary dependmg upon the desned )
. performance sought to be obtained by the: present dlsclosed methods |
| _ [0074] Many mod:ﬁcanons and variations of this disclosed methods can be made without
" departmg from its spirit and scope, as will be apparent to those skilled in the art. The spec1ﬁc _
embodiments described herein are offered by way of example only and are not meant to be limiting
in any way. It is intended that the specification and examples be considered as exemplary on]y, w1th

the true scope and spmt of the d1sclosed methods being indicated by the followmg elalms
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CLAIMS

1. A method of reducing aggregate content in a preparation comprising a target protein,
wherein the target protein comprises an-antibody of the class IgA, IgD, IgE, 1gG or g, the
method comprising:

contacting the preparation with an alkyl cation to form a mixture, wherein the alkyl
cation is selected from a bromide or chloride salt of a quaternary ammonium cation selected
from the group consisting of cetyl trimethyl ammonium; N,N,N-Trimethyl-1-
heptadecanammeonium; N,N,N~Trim‘ethyl—1-o’ctadecanammonium; N,N,N-Trimethyl-1-
pentadecanammonium; and N,N,N-Trimethyl-1-tetradecanammonium, and the alkyl cation is
present in the mixture at.a concentration of 0.001% to 1% (w/v) ; and

contacting the mixture with at least one functionalized solid to remove excess alkyl
cation.

2. The method of claim 1, further comprising contacting the mixture with an aryl cation
selected from ethacridine and methylene blue.

3. The -methiod of claim 2, wherein the aryl cation is ethacridine.

4, The method of an one of claims 1 {0 3, further comprising contacting the mixture,
simuitaneously or sequentially, with at least one electropositive solid to further reduce
aggregate content of the preparation.

5. The method of any one of claims 1 fo 4, wherein the alkyl cation comprises a
bromide. or chloride salt of cety! trimethyl ammonium.

B. The method of any one of claims 1 to 5, wherein the alkyl cation is present in the
mixture at a concentration range of from 0.01 to 1%, or from 0.02 to 0.03% (wiv).

7. The method of any one of claims 1 to 6, wherein allantoin is present in the mixture at
a concentration range selected from the group consisting of: (a) from:0.6 to 50%; (b) from 1
to 10%; and (c) from 1 to 2% {(w/v).

3. The method of any one of claims 1 to 7, wherein a conductivity of the mixture is
within a range selected from the group consisting of: (a) from 0.1 to 50 mS/em; (b) from 1 to
‘30 mS/cm; and (¢) from 5 fo 15 mS/om.
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9. The method of any one of claims 1 to 8, wherein a pH of the mixture is in a range
selected from the group consisting of: (2) from 4 to 10; (b) from 5 to 9; and (c) from6Gto 8.

10.  The method of any one of claims 1 to 9, wherein the mixture further comprises an
antiviral agent that is not the alkyl cation, the antiviral agent being selected from the group
consisting of chlorhexidine, benzalkonium chloride, and tri(n-butyl)phosphate.

11. The method of any one of claims 1 to 10, wherein a surface of the at least one
functionalized solid promotes a chemical interaction selected from the group consisting of:
electrostatic interactions, hydrophobic interactions, hydrogen bording, and metal affinity.

12.  The method of any one of claims 1 to 11, wherein the at least one functionalized solid
is particulate.

13, The method of any one of claims 1 to 12, wherein the antibody is a recombinant
antibody.

14. The method of any one of claims 1 to 13, wherein the: protein preparation is one
selected from the group consisting of a cell-containing celt culture harvest, a substantiaily

cell-free cell culture harvest, and a partially purified protein.

15, The methed of any one of claims 1 to 14, wherein the at least one functionalized solid
comprises tris(2-ethylaminoethyl)amine (TREN).
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