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PROTEIN PURIFICATION PROCESS
[6001] Fmbodiments disclosed herein relate to methods for purifying protei.n.s, including
antibodies, such as IgG and IgM antibodies. | '

, - BACKGROUND

{0002} Punﬁcatlon of protelns typlcally begins with a clarification step in which cells and
debris are removed so that the remaining supematant can be processed by methods that would
otherwise be hampered by their presence Their. removal commonly involves physical methods
such as centrifugation and filtration. This sfep sometimes involves the use of filtration materials
with anion exchange capabilities, or the addition of anion exchange particles or soluble polymers
directly to the antibody-containing harvest (Gagnon, P., Purification Tools for Monoclonal
Antibodies, Validated Biosystems, Tucson, 1996; Kuczewski, M,. et al Biopharm Int. 23(3)
(2010) 20-25; Kuczewski, M., et al, Bzotechnol J., 6 (2011) 56- 65.
[0003] Secondary treatment of physically clarified ceil culture harvests with allantom
solﬁble organic cations, and mixed particles has been described (Gan, H. et al J. Chromatogr A,
1291 (2013) 33-40). This approach partlcularly reduced the content of chromatin expelled by
dead cells and the levels of aggregates associated ‘with chromatin, but three chromato graphy
steps were subsequcntly needed to achieve the desired purity. Allantoin is an FDA-approved
anti-inflammatory agent used widely in over-the-counter healthcare products. itis known to
remove endotoxin from protein solutions, including from solutions of I gG, apparently through
' hydrogen bonding (Vagenende et al, ACS. Appl. Mater. Interfaces, 22 (2013) 4472-4478;.
Vagenende et al, J, Chromatogr. A 1310 (2013) 15-20).
[0004] Partial purification 'of IgG antibodies by -contaminant co—preciﬁitation with caprylic
' amd (octanoic acid) has been disclosed (Chanmm, A., et al Arch. Biochem. Biophys. 89 (1960)
218-220; McKinney, M. et al, 1. Immuno}. Met., 96 (1987) 271 278) “The fatty acid binds to all .
proteins t but tends pamaularly to precipitate acidic. non-IgG conta.mmants (Gagnon supra;
Morais, V., et al, Biotechnol. Appl. Biochem., 59 (2012) 50-54). The mechanism and process’
development gu1dehnes for apphcatl on to cell culture harvests have been indicated (Gagnon_: '
supra) mcludmg basic variables sich capryhc ac1d concentratlon pH salt concentration, )
K temperature and the need for a subsequent chromatography step to remove resuiual caprylic amd

from the soluble 1gG preparation. The techmque 1s most often described o prepare crude
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samples for subsequent purification by other means (Gagnon supra; Y. Yigsaw et al, 2008,
Improving upstream feed stock to.downstream operations, Recovery of Biologics Conference
XU, Quebec; Arunakumari, A. ef al, US Patent Application 20120101262 A1), but has also
been applied as a polishing step following antibody capture by protein A affinity
chromatography (Y. Brodsky et al Biotechnol. Bioeng. 109 (2012) 2589-2598).

SUMMARY
[0005] In one aspect, the present invention refers to a method of purifying an antibody
comprising: (a) contacting a cell culture harvest or a protein preparation comprising at least one
antibody of the class IgG or IgM with at Jeast one fatty acid to form a mixture comprising 2
precipitate, wherein the at least one fatty acid is selected from enanthic (heptanoic) acid, caprylic
(octanoic) acid, octenoic acid, pelargonic (nonanoic) acid, nonenoic acid, and capric (decanoic)
acid and the at least on¢ fatty acid is present at a concentration in a range of 0.05 to 5 %; (b)
contacting the mixture with one or more functionalized solid substrates comprising a cationic
metal binding functional group; wherein the metal binding functional group comprises a
polyamine; and (c) separating solid materials after contacting the mixtare with the one or more
functionalized substrates, and removing solid materials from the mixture to provide a solution
comprising the antibody. In another aspect, the present invention refers to a method for
purifying an antibody comprising: (a) contacting a cell culture hatvest or protein preparation
comprising at least one antibody of the class IgG or IgM with at least one fatty acid to form a
mixture comprising a precipitate, wherein the at least one faity acid is selected from enanthic
(heptanoic) acid, caprylic-(octanoic) acid, octenoic acid, pelargonic (nonanoic) acid, nonenoic
acid, and capric (decanoic) acid and the at least one fatty acid is present at a concentration in a
range of 0.1% to.2%; (b) contacting the mixiure with allantoin; and (c) separating solid materials
after contacting the mixture with the at least one fatty acid and allantoin to provide a solution
comprising the antibody. In still another aspect, the present invention refers to a method of
purifying an antibody comprising: (a) contacting a cell culture harvest or a protein preparation
comprising at least one antibody of the class IgG 6r'IgM with at least one fatty acid having 7 to
10 carbon atoms to form a mixture comprising a precipitate, wherein the at least one fatty acid is
selected from enanthic (heptanoic) acid, octenoic acid, pelargonic (nonanoic) acid, nonenoic
acid, and capric (decanoic) acid and the at least one fatty acid is present at a concentration in a
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range of 0.05 to 5%; (b) contacting the mixture with allantoin at a conceritration in a- range from
0.6% to 30%; and (c) removing solid materials from the mixture to. provide a solution comprising’
the antibody. Also disclosed herein are methods of purifying a target protein comprising
contacting a cell culture harvest with at least one fatty acid having 7 to 10 carbon atoms to form
a mixture, contacting the mixture with one or more solid or soluble materials to form a mixture,
wherein the one or more solid or soluble materials'comprise a cationic functional group and a
metal binding funectional group, the metal binding functional group comprising a nitrogen-
containing moiety selected from the group consisting of (1) a polyamine, (2) an imine, (3) an N-
heterocycle, (4) an amirio acid, (5) an N-hydroxyamide, (6), an arylamine, and combinations
thereof, and separating solid materials after contacting the mixture with the one or more
electrostatically charged solids to provide a solution comprising the target protein. The processed
liquid may optionally, be further passed through a device with an internal contact surface contact
that comprises positive charges before being processed by other purification methods, if desired.
[0606]  In some examples disclosed herein, methods are described for purifying a target
protein comprising contacting a cell culture harvest with at least one fatty acid having 7 to 10
carbon atoms te form a mixture, contacting the mixture with allantoin, and separating solid
materials after contacting the mixiure with allantoin to provide a solution comprising the target
protein.

[0007]  In some examples disclosed herein, methods are described of purifying an antibody
comprising contacting a cell culture harvest with at least one fatty acid having 7 to 10 carbon
aloms to form a mixture, contacting the mixture with one or more solid or soluble materials to
form a mixture, wherein the one or more solid or soluble materials comprise a cationic functional
group and a metal binding functional group, the metal binding functional group comprising a
nitrogen-containing moiety selected from the group consisting of (1} a polyamine, (2} an imine,

{3) an N-beterocycle, (4) an amino acid, (5) an N-hydroxyamide, (6), an
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arylaniine, and combinations thereof, and separating solid materials after contacting the mixture
with the one or more electrostatically charged solids to provide a solution comprising the
antibody. The processed liquid may optionally, in addition, be passed through a device with an
internal contact surface contact that embodies positive charges before being processed by other
purification methods, if desired.

[0008] In some examples disclosed herein, methods are described for purifying an antibody
comprising contacting a cell culture harvest with at least one fatty acid having 7 to 10 carbon
atoms to form a mixture, contacting the mixture with allantoin, and separating solid materials

after contacting the mixture with allantoin to provide a solution comprising the antibody.

DETAILED DESCRIPTION
[0009] It has been discovered that a combination of materials that are chemically
antagonistic to one another has the unexpected effect of providing target proteins, including
antibodies, at a higher level of purity and a lower level of turbidity than purification methods
relying on any one of the materials individually. Combinations of antagonistic materials would
normally be expected to cancel each others’ individual effects and result in inferior protein
purification, inferior protein recovery, or both. Instead, the present embodiments provide defined
windows within which the materials work synergistically to achieve levels of protein purity and
recovery that are substantially beyond the ability of any of the individual components to provide.
These observations are particularly applicable to antibodies, such as 1gG and 1gM antibodies. In
addition, experimental results indicate that reactivity curves for each of the components in the
combination is distinct from their reactivity curves when used individually. This highlights that
the utility of the embodiments disclosed herein could not have been predicted by the known
properties or applications of the individual components. The components to be combined may
include saturated fatty acids containing 7 or 8 or 9 or 10 carbon atoms, or unsaturated fatty acids
containing 6 or 7 or 8 or 9 carbon atoms with one double bond, and soluble and/or solid
materials bearing a positive charge. They may further include one or more solid or soluble
materials that comprise a metal binding functional group. They may further include allantoin. In
the methods disclosed herein, the materials are combined in a liquid preparation containing a

target protein, such as a species of antibody, then after a suitable period of incubation, solids are
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femoved to providc a solution comprising the antibody, absent up to -9'9% or more of host cell
contammants w1th an average recovery, in the case of IgG antibodies, of about 90 to about 95%,
anda turbldlty of less thari’ about 5 NTU (nephe:lomctnc hirbidity umts)

[0010] Expcnmcntal data’ document the mu‘mally antagomst1c mteractmns among the
components employed in methods chscloscd herein. For example a cationic (clectroposmve)
component and an anionic (electronegative) component such as a fatty acid, are understood to -
havc an attraction to one another, and their interaction should tend to reduce the ability of either
one to interact with other components of an antibody preparation such as in a cell culture harvest.
This 1s indicated by data showmg that certain contaminants, such as antibody 11ght chains, are
removed by a combination of components at one ratio, but re-appear in the antlbody-contammg
liqﬁid if the proporf_ion of the cationic component is increased. In one particular example, this is
believed to oceur bccau'sc a fatty acid bound toa contaminant within a precipitate is mare
stfongly attracted to a cationic solid than itis to the contamiﬁant, so that when the amount of the
cationic solid is increased, the fatty acid transfers to that solid, WHich liberates the contaminant
- 'from thc precipitate, causing it to re-contaminate the antibody preparation. In anothci: example
of mutual antagonism, crystaﬂme allantoin has been shown cxpemﬁentally to bind morc than
 99% of the fatty ac1ds in cell culture harvest, indicating a high likelihood that it acts on added
fatty acidsina snmlar manner. This should be expected to reduce the effectiveness of fatty acids
: added to an antlbody~conta1mng cell culturc harvest for the purpose of prec1p1tat1ng non- '
antibody contammants To the contrary, this aspect of thc invention contributes to effective use
of fatty acids at concentrations less than half'the levels reported as optimum-in the sci enhﬁc
literature. Without being bound by theory, it may be that fatty acids complexed o0 undlssolvcd
allantoin through hydrogen bondmg conserve their native charge, hydrophoblmty, and ability to
bind contammants while the physical density of the undissolved allantom enhances their
removal by sedimentation. In another example of mutual antagonlsm addltlon ‘of anionic
chclatmg solids—which should be inert to faity aclds——to 'a mixfure of fatty acids and cationic
chelatmg solids, releases. contammants back to the antlbody solution that were successﬁﬂly '
removed by the already-antagomstxc combmatlon of cafionic solids and fatty acids.
[0011] In another example of mutual antagomsrn, the addition of very low concentrations of
nonioni¢ surfactants thiat wcaken hydrophobw 1ntcract1ons and would thereby be expccted to

interfere with the ability of fatty acids to achlcvc the1r effects, surpnsmgly 1mpr0ves the
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-effectwcness of removing free light chain conta.mmants while larger amounts oompromise
removal of amdlc non-antlbody proteins. In another surprising éxample, Eoor levels of c'ationic

, surfactants which should interfere with both the charge and hydrophobic effects of fatty acids,
oughly double the ablhty of the combination to remove a01d1c non-anubody protems and

" double or triple aggregate removal while hlgher ooncentratlons have the opposvte effect These -

B examples highlight that when normally antagonistic components are combined in properly

balanced proportions, they can create windows within which it is possible to remove ‘

contaminants that are not removed in the absence of antagonists. The ephancement provided by

. antagonists is b B8 substantial in many cases that ovesall purification performance of the disclosed
mefhods exceeds the capab111t1es of protem A affinity chromatography, which is generally
regarded as the highest performmg ant1body purification method available.

[0012} . Jt has also been dxscovered that the 1nc1u51on of functionalized sohd materials with
the ability to bind metal ions contributes to hlgher punty, and lower aggregate content of
processed antibody. Soluble chelating agents surpnsmgiy failed to produce thls benefit. Wlthout
being bound by any theory, this effect may be mediated by preferential transfcr of metal ions
from the surface of an antibody to the solid-bound metal affinity li gand, with the effect of
_ reducing hydrophoblc and elcctrostanc heterogeneity of the antibody induced by interaction with

metal ions; or by having the same offect on contammatmg proteins and thereby altering their

chemical behavior to make them more responswe to.the disclosed methods It may altematwely
| reflect the in_ﬂuencc of a secondary feature of metal binding hgands not mediated through

metals. 'l ‘ . _ o 7 -

- [0013) ~ Ithasbeen furthér discovered that the inclusion of aﬁéntoin particularly enhahceo the
| ability of fatty amd precxpltatlon to remove. particulates. Without bemg bound by theory, the
effects of allantoin are believed to be mechated through hydrogen bonding, by which largc
' molecular assemblagos mcludmg ultra- small partlclcs, including viruses, are bound to the larger
allantoin crysta}s Due to its relahvely high density of 1.45 g per cubic cm, allantom crystals
promote rapid gravimetric sedlmentatlon of assoclated materials, and enhance their
sedimentation by cenmfugatlon Allantom crystals also alter the physmal constitution of fatty -
ac1d—contam1nant precipitates from a typically gluey sludge to a more cake-like consmtency that -
'-facllltates the passage of hqmd and’ improves ﬁltratlon efﬁcmncy A portion of the allantoin

added to an aqueous sblution dlssolvcs uptoa maximum of about 36 mM, and is ‘believed to
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weaken hydrophoblc interactions of protems ‘with fatty acids. Dlssolved allantoin is understood
to remain in the ant1body~contam1ng solutton afier removal of solids. While these features are’
welcome they represent a paradox smce expenmental data indicate that allantoin binds 99.7% of
fatty acids from cell culture harvests As this implies, the pr0p0rt10n of allantom mustbe -
oarefully controlled The approprlate proportion for a give application is determmed by s1mp1e

| 'experlmentatlon, generally starting with 1-2%- (w/v).‘

[0014} It has also been discovered that methods disclosed herein unexpectedly allow
saturated fatty acids with 7 or 9 or 10 carbon atoms to be substituted for eapryhc acid. Enanth1e
(heptanoic) acid contains 7 carbons. Pelargomc (nonanolc) acid contams 9 carbons. Capnc
(deoanow) acid contains 10 carbons. Even more surprlsmgly, unsaturated fatty acids with-6 or 7
or 8 or 9 carbon atoms and 1 double bond are effective. Despite spe01es other than octanmc acid
being neglected in the art for antlbody purification, expenmental data indicate that more

' .hydrophoblc fatty acids more effectively remove antlbody aggregates and fragments than

| caprylic acid, though at hlgher risk of reducing antibody Tecovery.

" [0015] Expenmental data indicate that methods disclosed herem may A) achieve 10- fold
more effeotwe removal of particulates than caprylic acid treatment alone, achieving a turbidity of

- about2 nephelometnc tutbldlty units (NTU), versus 20 NTU or higher achieved with just -

caprylic acid alone (Brodsky et al supra); B) mcrease 18G purity to greater than. 99%, usually
greater than 99.9%; C) reduce. aggregate content to 1% or less, typically to less than 0.5%, and
ﬁ‘equently to less than 0. 05%, D) reduce content of antibody-related fragments to 1% or less; E)
enhance removal of DNA, endotoxin, and virus; F) support 90-95% reeovery of IgG and F)
‘permit such punﬁcatlon 1o be achieved even within the bioreactor within which the cells are
- grown, thereby increasing process efficiency. It will be noted individual results for some of
‘these measures may be achleved in certain instances by traditional contaminant co—prempltatlon
. with fatty acids, but not all.of them in a single _o_perauon, as achieved by the methods dtselosed
[0016] Expenmental data further demonstrate the surprising discovery that methods -
disclosed herein partlcularly remove contammants that mterfere with traditional fractlona’uon
methods that might be used to otherw1se or addltlonally punfy antlbodtes The methods may
aHow low- functmmng fractionation methods, such as ultrafiltration, or precipitation by salts, or (

preelp1tat10n by nonionic organic polymers, to achieve levels of punﬁcatlon otherwise



wO '2014{196926 ~ PCT/SG2014/000090
achievable only with high-functioning fractionation methods such as protein A affinity
chromatography. For example initial purlﬁcatmn with the d1selosed methods, followed by
_ ultrafiltration or ammomum sulfate precipitation, followed by anion exchange chromatography, |
reduces host proteins to less than 1 ppm and aggregates to less than 0.05%. Equally surprising, ‘
' .the methods d1sclosed herem may 1mpart hlgh functmnmg fractmnatlon methods-with the ability
to achieve purity hundreds of times greater than they are typically able to achieve. For example,
~where protein A afﬁmty chromatography typlcall_y reduces host protein contamination to the
range of about 500 to 2000 parts per million (ppm), protein A chromatography practiced
followm g the disclosed methods reduces host protem contamination to less than 1 ppm.
{0017 In on¢ exemplary embod1ment that illustrates the mtegratmn of numerous aspects of
the methods disclosed hereln, allantoin is added to an antibody-containing cell culture harvest in
an amount to produce a final concentration of 1% (w/v), followed by addition of capric acid in an
amount to produce a final concentratlon of0.2% (v v). The mixture is incubated for.2 ‘Thours, |
during which a precipitate is formed by the interaction of capric acid with contaminants, a.nd
which 1 1s interspersed with undlssolved allantom crystals Th1s step is followed by addltlon of
- polymeric particles functionalized with TREN in an amount to produce a final concentratlon of
5% (v:v), and incubated for a period-of 4 hours. TREN (tns(Z-ammoethyl)amme) is an
electropositive metal binding compound that may be immobilized on polymer particles or other
functionalized solids. Such materials are marketed for the purpose of conducting 1mmob1hzed
metal affinity chromatography. M1x1ng is terminated and the solids, consisting of capne acid-
contaminant precipitates, residual capric acid, undissolved allantoin, and the TREN particles, are
removed by any expedient method. Ina related embodiment, the TREN particles are replaced by
particles functionalized with an alternative positively ¢harged metal-binding spemes Ina related
embodiment, the positively charged metal-binding particles are replaced by & eombmatlon of
partlcles some functiopalized with 2 posmvely charged. amme-based jon exchanger, and some
‘ functlonahzed -with a negatlvely charged metal bmdmg spemes In a related embodiment, only
posmvely charged part1cles lacking metal affinity may be present. In reiated embodlments
particles functionalized with other chemical species may be present. In a related embodlment the
substantlally solids-free antibody-containing liquid is further processed by passage through an
electroposmve depth filter, or other device in Wthh the sample eontacts an electropomtwe or e -

other functlonahzed surface, and Wthh may provide the additional benefit of scavenging
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residual fatty acid or.other soluble non-antibody species from the sample.
[0018]  In another exemplary embbdiment__that illustrates in_teération 6f various aspects of the
methods disclosed herein, allantoin is added to-cell culture harvest in 'an amount to produce a

- final concentration of 2% (whv) followed by addltlon of capnc ac1d in an amount to produce a
final concentration of 0.2% (v: v) The mixture is incubated for2 hours, during which a
‘precipitate is formed by the interaction of capric acid with contaminants, and which is

' mtcrspcrsed with undissotved allantoin crystals. The mixture is then contacted with a device

comprising at least one functionalized solid that retains capric acld—contammant precipitates

* inferspersed with undissolved allantoin but permlts the passage of liquid.

{0019]  In another exemplary embodiment that. illustrates integration of varlous aspects of the

methods disclosed herein, allantoin is added to cell culture harvest in an ‘amount to produce a

final concentranon of 1% (w/v) followed by addition of capric acid in an amount to produce a

final concentration of 0.2% (v:v). The mixfure is incubated for 2 hours, during which tlme a

~ precipitate is formed by the interaction of capric acid with contaminants, and which is

interspersed with undissolved allantoin crystals. Capric ac:d-cor_lta:mmant precipitates

interspersed with undissolved allantoin are removed by any expe&ient method and the liquid is

contacted witha device comprising at least one functionalized surface. o

. {0620]  In another exemplary embodiment. that illustrates integration of various aspects of the

methods disclosed herein, allantoin is added to cell culture harvest iﬁ an amount to produce a |

final concentration of 1% (w/v) followed by addition of capric acid in an amount to produce a

final concentration of 0.2% (v:v).. The mixture is incubated for 2 hours, during which tlme a

. precipitate is formed by the mtcractmn of capric acid with contaminants, and which is
.mterspersed with undissolved allantoin crystals. This step is followed by addition of
functmnahzed polymenc particles and incubated for 4 hours. The sohds are removed usmg a

" device compnsmg at least one fanctionalized surface In some embodlments, the processed .

' 11qu1d is passed through a depth filter mcludmg a posmvely charged contact surface before -

further processing. '

[0021]  Insome embodiments about 0. 2% capric acid may be replaced W1th pelargomc acid

at a concentration of about 0:3%, or capryllc acid at a concentration of about 0.4% or enanthic

acid at-a concentratmn of about 0.6%. This reveals the dependency of, contammant removal and

annb'ody recovery on the concentration and hydrophob1c1ty of the-fatty acid. Expenm ental data .
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- reveai that the mdre hydrophobic the fatty acid, the Jower. the concentration needed to achieve a .
good resuit and also the Tower the concentration to COH\pl‘OmISG I¢G antibody tecovery. It will
be understood that the absolute and relative concentratlon may vary from one anubody to another
and that the above concentrations of the Aspec1fic fatty acids may therefore vary, but such values
are provided to provide guidance to the skilled artisan‘fof-a convenient starting point wﬁen- .
assessing purification a previously uncharacterized antibody. ' o
. [0022]  Insome embodiments, -ahout 0.2% caprylic acid may support more effective
aggregate rémoval than at higher eoncentrations However, at about 0.4%, more effeetwe
removal of free antibody light chain, hght cham dimers, and other fragmentary forms, as well as
other contaminants may be achieved. Thus_, one skilled in the art will recognize the value of
optimizing the concentration of a given fatty acid by consideration of its effects in-the context of
potential follow-on fractionation methods. Iffnethods disclosed herein are to be followed by a
method that 1s partlcular]y suitable for removal of aggregates it may be beneficial to optimize
the fatty acid concentration fo remove antibody fragments. If methods dlsclosed herein are to be"
followed by a method particularly suitable for removing fragrnents it may be beneficial to
optimize the fatty acid concentration to Temove aggregates. _
{0023}  In some embodiments, allantom may be added after the fatty acid. In another related-
embediment,_ allantoin is not added untﬂ after the pre01p1tate has formed. In another embodiment
allantoin is fiot added until after the precipitate has been removed. Inone speciﬁc example.of
such an embodlment allantoin and functionalized solids may be added after the precipitate has
“been removed and are subsequenﬂy removed together in a second sohds—removal step. In some
" embodiments, allantom is omitted. ,
[0024]  Insome embodlments a non-ionic surfactant or a zwitterionic surfactant may be
added to the mixture at a concenttation below its critical micelle concentratmn Expenmental
data 1nd1cate that this 1mproves removal of antibody fragments while surfactant concentrations :
above the cntlcal micelle concentration suppress the removal of antibody fragments, though with
the offsetting beneﬂt of i mcreasmg anubody recmrery In some embodiments, a substan’ually
higher concentration of a non-ionic or zw1tter10mc surfactant may substanhaliy compremise
reduction of acldlc host cell proteins. 7 '
[0025] -In some embodiments, a-low concentratmn ofa catlome surfactant may substantlally .

enhance the removal of host proteins and DNA. In some such embodiments, the cationic
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.‘ surfactant is hexadccyimmethylammomum bromide, also known as cetyltnmethylammomum
bromide (CTAB); or dodecylmmethylammomum bromlde or decyltnmethylammomum '
bromide; or mynstylmmethylammomum brom:de or tnmethyloctadecylammomum bromide, or |
vanatlons with a different posmvely charged moiety, such as a primary, secondary, or tertiary
amino group, or variations with more or fewer carbon atoms. In some such embodiments, §.01%
CTAB may double the amount of host protein removed, whereas 0. 05% CTAB may reduce

' removal efficiency by a factor of 5.

[0026]  In some embodiments, adding a low concentration of a cationic surfactant to a cell

culture harvest in advance of a fatty acid may substantially enhance aggregate removal, in some . o

cases: by a factor of 2 or 3 over the amount of aggregate removcd when the sequence is reversed.
In some such embod1ments the cationic surfactant is Cetylmmethylammomum bromide, af a
concentratlon of about 0.01%. In some embodiments, the catlomc surfactant may be substltuted
with other catlomc orgamc compounds, such as ethacridine, methylene blue chiorhemdmc and |
benzalkonium chioride. In some such embodim ents, it is understood that the optimal amount of
the électroposmve organic compound will need to be determined individually for each ant1body,
* also taking into atcount the identity and concentration of the fatty acid.
{00277  Insome em‘ood1ments the chemlcally functlonahzed solids may mclude at least one _
nitrogen-containing compound In some sich embodiments, at least one nitrogen- contammg '
compound may embody the ablhty to bind metal jons. In some such embodlmcnts at least one :
nitrogen-confaining compound may be negatwely charged and may include one or more
compounds from the gfoup comprising iminodiacetic acid, nitriloacetic , glutamic acid aspartic
acid, and ammophenyl phosphate among others. In other such embodiments, at least one
nitrogen-containing: compound may be positively charged and may include one or more
oompounds from the group comprising TREN, dxethylene’mamme triethylenetetramine,
tetraethylenepcntamme polypmpylemmme tctramme PAMAM dendrimer (ethylenedwmme .
- core); deferoxamine (dcsfenoxamme) argmme hls’adme histamine, and imidazole, among
others. In other such e;mbod1ments, at least.one mtrogon-oontammg compound may include an
aliphatic hydrocarbon, and aromatic hydrocarbon, a carbonyl group, a carboxyl group, a sulfo
group, a phospho group, or & hydroxyl group. )
: [0028] . In some embodiments, one or moTe chemically functlonahzed solids rnay be replaced

by or combmed with soluble entities chemmally ﬁmcuonahzod with the same or snmlar mioieties.

10
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[0029} In some embodiments, the chemically functionalized soiids or soluble entities may
include more than one- type of substrate solid or soluble entity where each embodies a diffefent
'mtrogemcontalmng compound. . ‘ |
[0030] Insome embodiments, at least one chemically functlonallzed solid or solubie entity
with a nitrogen- contammg compound may be combmed with another chemlcally funct1onahzed
solid or soluble enttty lackmg a nitrogen atom, where the nitro gen-lackmg compound may
include one or more functionalities from the group comprising an aliphatic hydrocarbon an
aromatic hydrocarbon, a carbonyl group, a carboxy! group, a sulfo group, a phospho group, or a
" hydroxyl group o |

[0031] In some emhodlments sohds may be separated from the antlbody- ntammg solution
by any expedxent means, including filtration or sedtmentatlon, mcludmg one or more treatments
from the groups comprising microfiltration, depth filtration, and centrifugation, where depth
filtration may be performed with filtration meédia that are substantially inert or, with filtration
media that have been chemically functionalized, or combined with materials that are chemloally
' functionalized. ' - o : ,
[0032]  Insome embodiments, the one or more species of insoluble materials may be
configured m at ieast one device that supports the passage of liquid but does not allow the
- passage of solids. _ |
[0033} . Insome embodiments, allantom may be added at a wei ight to volume concenfration of .
~ about 0.6 to about 30%, or about 1 to about 30%, or about 1 to about 10%, or about 1 to about
2%. In some embodiments, allantoin may be omitted ‘In some embodlments altantoin rnay be
present in a non-zero amount up to about 0.6%. Whﬂe the presence of allantoin may be de51red
at a concentration sufficient that a portion of the added allantoin does not dlSSOlVC such as- 1%,
methods may produce adequate results in the absence of allantoin, ot in the presence of allantoin
. at a concentration where substantlally all of the allantoin is soluble Expenmental data 1nd1cate
_ that larger proportions ¢ of allantom such as 2%, 3%, 4%, 5%, 10% or htgher support more
effective reduction of aggregates, but also reduce antibody recovery, modestly but measurably
Experimental data also reveal that allantoin can mdependently reduce levels of virus and

endotoxin, by 3 lo gs or more, ,and generally produce supernatants that are remarkably clear (2.0

) NTU), all of whlch document that- allantom makes a favorable conmbutlon 1o methods dasclosed

‘ herem when employed Without being bou.nd to any partwular theory, 1t appears that allantom s
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mechanism of acnon with la:rge biological species and assemblages primarily involves hydro gen
bonding, which may. explain in part why its effectiveness is little affected by substantial
" variations in pH or conductivity. This could also-explain why fatty acids bound to aIlantom retain
| their 1nteract1v1ty with contammants
[6034] In some embodiments, the fatty amd may include one or more species with a general
- structural formula of CH;(CH;),,COOH where n is an integer from 4 to 12, inclusive. In some
embodiments, n is an integer from 5 to 8. In some such embodiments, the fatty acid may be
enanthic acid (heptanoic acid). In some such embodiments, the fatty acid may be caprylic acid
(octanoic acid). In some such embodiments, the fatty acid may be pelargomc (nonanoic acid). In
“some such embodiments, the fatty acid may be capric amd (decanom acid). In some
embodiments, more thap one species of fatty acid may be employed. In some embodiments, the -
fatty acid may be added in the form of a salt, such as a sodium salt, for exa:g‘nple sodium
caprylate. ; _
[0035] In some embodiments, the fatty portion of the fatty acid may consist of a linear
“straight” chain of carbon atoms. In some embodiments, the fatty portion of the fatty acid may
.consist of a branched cham such as 2-ethylhexanoic acid, wh1ch contains a 2-carbon chain at the
- number 2 posmon of the primary 6-carbon chain, produemg a fotal of 8 carbon atoms. In some
embodiments the fatty acid may be present at a concentration 0.05 to 5%, or 0.1 to 2%, or 0.2 to
0.5%, or an intermediate value. - ‘
{0036} In soﬁ)e embodiments, the fatty acid may include a double bond. In some such
embodiments the double bond may be at any position in the carbon ehain. In some such
embodiments, the fatty acid chain mey_contéin 6 or. 7 or 8 or 9-catbon afoms; In one such
embodiment, the fatty acid is nonenoic acid with a terminal double bond. In some embodiments,
the fatty acid may be added in the form of a salt. In some embodiments the fatty acid may be
. present ata eoncentratlon 0.05 to 5%, or 0. I to 2%, or 0.2 t0 0.5%, or an 1ntermed1ate value In
“some such embodlments 0. 4% to 0.6% 8 -nonenow amd prov1des better results than 0.4%
caprylic acid. _ -
[0037] Insome embod1ments employlng more than one species of fatty amd the species
- ﬁay be éeleeted to encompass a range of hydroph0b101t1es for example the combination of
heptanoic and decanoic acid, or the oombmatlon of caprylic and nonanoxc acid, or other.

. combinations, potentlally mcludmg fatty aclds of greater or lesser hydrophob01ty In some such
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embodiments, the proportions of the respective fatty acids may be 10:1, 5:1, 2:1, 1:1, 1:2, 1.5,
1:10, or any intermediate range in between, or other ratios outside of these. In some such
combinations the total amount of fatty acid species added to a working solution may be in the
range of a non- ~zero- amoutt up t0'0.01%, 0.01 t0.0.1%, 0. 1to 1%, 1 to 5%, 0.2 to 0. 4%, or an
- intermediate range or value.
- [0038] - In some embodiments employing more than one species of faity acid, the total
‘number of spec1es may include 3, or 4, or more, in any proportion;, and in any total amount
shown by experimental results to provide utility.

{0039] - Insome embodiments, the fatty acid is left to.incubate in the anhbody preparatlon for
510 360 minutes, or 15 to 240 minutes, or 60 to 120 mmutes, or 30 to 60 minutes, or for an
intermediate interval, before exposing the mixture to the one or more functionalized solids.
 [0040]  In some embodiments, the temperature at which the fatty acid is incubated may be

. influenced by the largest specres of fatty acid present, since carbon chain length directly

~ influences fatty acid solubility, where the shorter the chain length, the higher the solubrhty, and
where the longer the eham length, the greater the diminution of solublhty with decreasing
temperature. Thus in all cases, an initial temperaturé of about 37 °C will solvate a higher
concentration of fatty acid than lower temperatures. This favors direct addmon of the fatty acid
to the harvest immediately following termination of the cell culture Incubation may
subsequently contmue at 37 °C, still in the bloreactor. It will be apparent that the more
hydrophobm the fatty acid, the more sensitive its solubility to temperature, ‘and therefore the
more sensitive its functlonahty to temperature In some embodrments, higher temperatures may .
" allow the use of fatty acids up to Cyy, Cya, Ci3, Cya, Cis, o1 even higher. In some embodiments
emploﬁng lower temperatures, for examiple where processing is conducted at about 2 to about 8
°C, the use of shorter chain fatty acids may-be favored, such as Cg, Cy, Cs, or even lower.
[0041]  In one exemplary embodiment using a, solid or soluble substrate: functmnahzed with -
TREN, TREN 1s oovalently attached to a substrate by one termmal group, creatmg a specres with
2 primary amine nitrogen atoms, 1 secondary amine mtrogen atom, 1 tertiary amme nitro gen 5
terminal hydrogen atoms, and 3 hydrophobic ethyl groups. In another suoh embodlment TREN
is covalently attached toa substrate by two terminal groups creatmg a species with 1 pnmary
amme nitrogen atom 2 secondary amite mtro gen atoms, 1 tertiary amine nitrogen atom, 4

termmal hydro gen atoms, and 3 ethy] groups.. In another such embodiment, TREN is covalently
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_ attached fo a substrate by three terminal groups, creating a species with 3 secondary amine
nitrogen etcms, [ tertiary amine nitrogcn atom., 3 terminal hydrogen atoms, and 3 ethyl groups.
In one embodiment: covalently immobilized TREN miay be present in any combination or subset
of these or other fotms. _
[0042] In one embedlment a strong metal affinity functionality on an electropositive moiety
may ‘be absent. In one such. embodlment a strong metal affinity functionality may be associated
with an clectronegative chemically reactive group. In one such embodiment, the electronegatlve
groups may also include functmnal subparis that confer the ablhty to participate in hydrogen
bonding and/or hydrophcbte interactions. In one such embcdxment the electronegative group
may be 1m1nod1acetlc acid, or nitriloacetic acid, or aspartlc ac1d, or glutamic acid, or a
combination of negatively charged metal affinity ligands. In one such embodiment, one or more .
species of negatively charged metal affinity ligand may be resident on one subpopulatlcn of one
or more solids, while a multivalent electropositive ligand substantlally lacking metal affinity may -
be resident on another subpopulation of one or more solids. -
[0043] In one embodirrtent, one or more solid or soluble substrates functionalized to mediate
strong mefal affinity funeticnslity via a zwiterionic or nonionic spectes may be present. Such
substrates may be present with one or more solids that bear ¢lectropositive metal-binding
species, or with one or more substrates that bear electronegative metal-binding species, or
electropos;t:ve multlvalent hgands that lack a strong metal—bmdmg functionality, or
electronegative multivalent ligands that Jack a strong metal-binding ﬁmctlonahty, or pon-~ionic or

~ zwitterionic ligands that lack a strong metal-binding functionality, or any combination of the

gbove. | | | | _ ' '

[0044] It wﬂl be apparent that the presence of metal-‘omdmg functlonahty on one or more
substrates may be beneficial in methods dlsclosed herein. Expenmental data indicate that such a
ﬁmctlonahty produces better results than substrates 1ackmg ametal afﬁmty funetlonahty

‘Without bemg bound by theory, this’ effect may be mediated through a decrease in protein charge
and/or hydrophobic heterogeneity achieved through removal of metal ions nonspecifically bound - -
to protein surfaces, or dissociation of metal- bndge—-complexes where an ant1bcdy isboundto a
protein, polynucleotlde or other contaminating biological species via a metal i 10n which is also
bound to the other specles or removal of metal jons from metal-phosphohpld or metal-

phosphohpld-fatty amd complexes Or an unknown aspect of the react1v1ty of fatty acids with
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proteins, or anj/ combination of the above, Experimental data also indi_eate, however, ithat useful
- -Tesults may be obtained in.the absence of one or more substrates that bear a metal affinity

- functlonahty ' | ' | | _

[0045]  In'one embodiment where one or more substrates are provided, the m1xture may be

incubated for § to 960 minutes, or 15 to 720 minutes, or 30 to 480 minutes, or 60 to 240 minutes,
or 90 to 120 minutes, or an intermediate mterval T one such embodiment, incubation may
occur at about 37 °C, or about 22 to about 26 °C or about 2 to about 8 °C, or may begin at about

37 °C as aresult of just bemg added to a freshly tennmated cell culture harvest then be

transferred to about 2 to about 8 °C for-incubation over a period of hours. Incubation | _

temperature will be partly determmed by the species of fatty acid employed, or if more than one
species of fatty acid, by the largest species, since their degree of solubility is a function of the

alkyl chain length For example, the 10-carbon capric acid is soluble at 37 °C but not at about 2

to about 8 degrees "1t could be incubated with the harvest initially for.a period of time, and then

placed at about 2 to about 8 degrees. 1mmed1ate1y following: addttlon of the msoluble charged
multivatent chem;cally reactive substrates, where the low temperature msolubﬂlty of the capnc
 acid might enhance the removal of contaminants. '

[0046] Inone embod1ment where one or more solid or soluble substrates are provided, the

* proportion of substrates to be added to a given volume of fatty acid-treated harvest may be
_"determined by simple expenmentatlon Current expenmental data indicate that TREN

covalently immobilized on polymer nnerospheres at a volumetric pI'OpOl‘tlon of about 2% is-

' adequate to achieve excellent results. In some cases 1% or less may be adequate In some cases,
a proportion greater than 2%, 3%, 4%, or 5% may support better results. As noted however, the
hlgher the availability of TREN the greater degree of interference with fatty acid preelpltatlon
Expenmental data show that excess TREN, for example 10% in some cases, causes contammants

“previously removed by fatty- amd pr601p1tat10n to reappear in the antlbody—contalmng solut:on It
- will be understood by the person of skill in'the art that the most effective amount of |

* functionalized solid may be determined by simple expenmentahon 1t will be understood equally

that the larger the amount of added substrates, the greater the material expense, which will create

. an opportumty to choose the solution that offers the most desired balance of performance and

_cost.

[0047]- Inone embodiment where one or more solids are configured in a device that oerolits
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the passage of ﬂmds but does not permit the passage of solids, the contact time of the fatty acid-
. contammg sample as it passes through the device may amount to minutes or seconds, depenchng
- on the size, efficiency, and construction of the dev1ce '
[0048]  Inone embodiment, methods disclosed herein may need no pH adjustment Addifion
of the fatty acid may reduce the pH of the harvest to a sufficiently low level and subsequent
scavengmg of excess fatty acid by the one or more solids may substantially restore the pH to the
original value, In one embodiment, the harvest may be titrated to a particular pH value before
addltlon of the fatty acid, which may add robustness to the method, but which may necessitate
that the pH be adJusted again after the method has been performed, potentially for the purpose of
preparing the sample to be fractionated to a hlgher degree of purity by a subsequent method. In
one embodiment, the initial pH may be ad]usted to a value in the range of 410 6, 0r4.5t0 5.5, or
4.75 t0 5.25, or 5.1 to 5.3, or an intermediate value such as 5.2, or another intermediate value. It .
will be understood by the person of skill in the art that the optlmum pH may vary from one
. species of antibody to another, and accordmg to the compos1t10n of medium in which the
antibody is resident. 1t will be equally undetstood that the pH employed to achieve optimal ,-
results may be more moderate than required with fatty acid precipitation alone due t'e the
contributions of the additional elements of the methods disclosed herein. This is a noteworthy
A 'cons1derat10n because exposure to the low pH values associated with traditional use of fatty acid
© precipitation ar¢ in a range that may have lasting adverse effects on the antibody. Th1s hi ghhghts
anothér unexpected beneﬁt of the disclosed methods.
[0049] - In one embodiment, methods disclosed herein need not ad_]ust conductlvtty through
either a reductlon or increase of salt concéntration, such as with water or with NaCl or other salt.
Salt concentratmn is known however to affect autibody Tecovery and purity, and vanatmns may
be explored without departing from thie essential features of the method. Experimental eviderice _
: ,mdlcates that antibody solubthty becomes compromlsed in condmons of low conductlvzty and
low pH, mdependently from the- presence of fatty acids or other addltxves Poor antibody
* solubility translates to an elevated probablhty of si gmﬁcant antibody IOSs in eonJuncuon with
fatty acld precipitations. This means that reduetmn of pH may I1m1t the degree to whlch
conductw1ty can be reduced and may suggest that conduct1v1ty be. mcreased to avoid excessive .l
“loss of antlbody Remarkably, the effeetlveness of the methods d1sclosed herein are not -

substanhally decreased by increased conductivity up to 20 mSfem. This is remarkable because
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charge interactions are believéd to control a major proportion of the selectivity of the system, and
20 mS/cm is sufficient to suspend many such interactions; and substantially weaken all such

interactions. It is to be understood however that results may vary dependmg on the exact

- antibody being punﬁed and there may be Value in conducting experiments at lower conduct1v1ty
values. Reducing conductivity would appear to increase interference of the cationic solids with -
the interaction of a fatty acid and contaminating proteins, but could uhexp_ectedly produce an.

. .improved overall result by increasing the ability of the cationic solids to bind. soluble

contammants

[0050}] Inone e embodiment where functionalized sohds are prov1ded as particles, the partlcies '7

may be ethbrated to a particular set of buffer conditions prior to introducing them to the fatty
acid-containing harvest. Asa general matter, the buffer used to equilibrate the particles may
have approximately the same conduct:yity as the harvest, but achieved by simple inclusion of a
sufficient concon_tration of 'sodium'ohlorido to achiexte that conductivity. Equilibration pH may
vary depending on the results from'simple experiments. One method.stcp may be to equilibrate

' the particles to neutral pH with a low concentration of 2 buﬁermg substance of appropriate pKa,
where the buffer capaclty of the equ111hrat10n buffer is msufﬂcaent to substantially alter the-
‘harvest. Another method step may be to select an equilibration pH close to the pH of the fatty
acid-containing harvest, also where the concentration of the buffermg species is very low in this
case s0 that it does not interfere with the neutralization of operatmg pH following perfonnance '
of the method. Another method step may be to select an equilibration pH close to the desired pH
of the harvest after treatment. Other approaches may be considered and dre best evaluated
cxpenmentally One skilled in the art will reco gnize that particle pre- ethbratwn may support a
more controlled, rcproduclble process, and that the conditions can affect the overall results of the
mothod By the same token, the same considerations apply to equilibration of adevice the ﬂmd

"contact surfaces of which mclude msoluble charged multwalent chemlcally interactive m01et1es.

- _[0051] Gwen that methods dlscloscd herein provnde IgG antibodies of suchahi gh purity, it

- will be apparent that subsequent processmg of the antibody to achieve hlgher levels of -
purification can be achieved by any further techmques normally employed in the art.
Experimental data indicate that subsequent depth filtration step can reduce host protein’
_COntammahon 10 less than 500 ppm and aggregates to leds than 0. 05%. Following depth”

" filtration, concentration by tangential flow ﬁltratlon can reduce host protein contammatlon to
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less than 50 ppm. .From that potnt, an anion exchange chromato graphyt step can reduce host
_ protein contamination to less than 1 ppm. - ' - - ,
[0052] Accordingly, in some embodimerits there are prov1ded methods of purlfymg an IgG
antibody comprising contacting a cell culture harvest. with at least one fatty acid having 7 to 10
carbon atoms to form.a mixture, and contacting the mixture with one or more sohds to forma
mixture; wherein the one or more sohds compnse a cationic functlonal group and a metal
binding functlonal group, the metal binding furictiona} group comprising a. nitrogen-containing
moiety selected from the gmup consisting of (1} a polyamme (2) an imine, (3) an N-heterocycle,
- {4} an ammo acid, (§) an N~hydmxyam1de (6), an arylamme, and oombmahons thereof, and
separatmg solid materials after contactmg the mixture with the one or more solids to provide a
solution compnsmg the IgG antibody. _
[0053] In some such embodlments methods disclosed herein further compnse contactmg the
cell culture harvest with allantoin. In some embodnnents allantoin is present ata concentration
. in a range selected from the group consisting of: (2) from about 0.6 to.about 30%, (b) from about
1 t6 about 10%, and (c) from about 1 to about 2% In some embodjtnents, allantoin is in a range
* from a non-zero amount up to about 0.6%. .
[0054] Tn one or more of the previous embodiments, a total amount of the one or more slid
substrates bearing at least cationic and/or metal binding functional groups, is a volumetric
_proportion of the total volume of about 0. 25%. 0.5%, 1%, 2%, 5%, 10%, 0%, or mtermedlate
values in between. For'the purpose of this numerical determination, the one or more solids refers
to functionalized solids only and does not include any undissolved al.larito.in? should it be
included in the methods In one or more of the prev'toh‘s emﬁodiments, the one ot more solids .
coimprises at least one functzonahty seleeted from the group consisting of hydrogen bonding,
hydrophobic interactions, pi-pi bonding, van der ‘Waals interactions, and combinations thereof.
_[0055] In one or more of the prev1ous embodlments where soluble functionalized-substrates .‘ -
are employed a total amount of the one or more such substrates bearing at least cationic and/or
metal binding functlona] groups, is a volumetric propornon of the total volume of about 0, 01%,
05%, 0.1%, 0: 2%, 0.5%, 1.0%, 2.0%, or intermediate values in between. In some -
embod1ments arange for solid substrates may be-from about 0.5t0 about 5%, or about 1% to
about 2% In-some embodlments a range for soluble: substrates may be from about 0.01 to about

1%, or from- about 0.1 to-about 0.5%. In onie or more of the prevmus embodlments the one or
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more soluble substrates cpmprises at least one functionality selested from the group consistiﬁg of”
hydrogen bonding, hydrophobic interactions, pi-ﬁi bonding, van der Waals interactions, and
combinations thereof. | ' | '
[0056] In one or more of the previous embodiments, the at least one fatty acid and the one or.
more. ﬁmctmnahze solid or soluble substrates are contained in a single vessel. In one more such
embodlments the at least one fatty acid and/or- one or more functionalized solid or.soluble
v substrates are added directly to the bjoreactor in whlch the cell culture productlon process was
conducted. ' '
‘(0057 - In oné or moré of "th_e: pfe\{ious embodi_ments,-solids are sepa_rated from the .a-mtibo.dy—
contaﬁning liquid in a device that permits the passage of fluid while preventing the passage of
" solid matenals thereﬂ:rough '
[0058] In one or more of the prevmus embod1ments, the device that pemmts the passage of
fluid while preventmg the passage - of solids therethrough compnses a porous matenal selectcd
from the group consisting of a porous membrane a mornolith, a woven ‘material, an amorphous -
fibrous materx al, a crystalline material, a hydrogelatinous material on a macroreticulate skeleton,
a column of packed part1cles and combinations thereof,
[0059] In one or more of the previous embodiments, methods disclosed herem further
cornpnse contacting the solutlon with chemlcally functionalized solids disposed in a device.
[0060} ~In one or more “of the prevmus embodiments, solid materials present after contactmg a
_cell culture harvest with the at Jeast one fatty acid or at the separatmg step, are removed by
seduncntatlon or sedimentation followmg centrifugation.
{0061) In one or more of the previous embodiments, solid matenals present after contactmg a.
- cell culture harvest W1th the at least one fatty acid or at the separating step, are removed by
filtration. In some such embodiments, filtration ‘somprises mémbrane filtration or depth
ﬁltranon In some such enibodiments, the membrane ﬁltratlon or depth ﬁltratxon compnses a
filter membrane that is functionalized. In some such embodiments, at least one functlonal group
is electropositive, In some such-embodiments at least one functional group binds metal ions.
{0062] In one or more of the previous embodiments, the first contacting step. is preceded by
' partial punﬁcatlon of the 1gG antibody. '. _ _
(0063} In one or more of the prevmus embodiments, the cell cultule harvest contains cells

In one or more of the previous embodlments the cell culture harvest’ does not contam cells.
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[0064] In one or more of the previous embodiments, the at least one fatty acid comprises a
general structural formula of CHg,(CH;)nCOOH In some such embodiments, the at least one’
fatty acid compmses enanthlc (heptanoic) acid, or capryhc (octano1c) acid, or pelargomc acid, or
capric (decanoic) acid. In some related embodiments, the fatty acid may contain a single double
bond at any position of the fatty acid chain. In some such embodiments, the fafty acid containing
the double bond is nonenoic acid. In some such éniﬁodimenfs, the fatty acid is 8-nonenoic acid.
In'some embodim-ents, the primary carbon chain may be unbranched; in others branched.
[0065]  -In one or more of the previous embodiments, the at least one fatty acid is present ata
_concentration in a fange selected from the group 'oonsis'ting of. (a)A ﬁfom z_ibout 0.05 to about 5%,
(b) from about 0.1 to about 1.0%, () from about 0.2 to about 0.4%, and (d) from about 0.1 to
about 0.2%. In some embodiments, nonanoic acid may be used in a range from about 0.25 to
about 0.50%. In some embodiments, nonenoic may be used in a range froni about 0.2.t0 0.4%.
[0066] - In one or more of the previous embodiments, a cationic surfactént m‘a'y'be present at &
concentration of: (a) fmm about 0.001 to 0.1%, (b) from about 0.005 to 0. 05%, (c) from about
. 0.0125 to 0.025%. In one or more of the previous embodlments, a cationic surfactant may be
cetyltnmeﬂ1y1arnmon1um bromide,
100671 In one or more of the previous embochments, a hydrophoblc cation component may
be aromatic in n‘ature, such as benzalkonium chloride, or chlorhex@me, or alexidiné. In one such
embodiment, the concentration of chlorhexidine may be in the range of: (a) from about 0.001%
t0 0.01%, (b) from about 0.005 to 0.05%, (c) from about 0.0075 to about 0.0125%.
[0(]68]7 In one or more of the previous embodiments, the one or more functionalized solid or
- soluble substrates compnses at least one charge conﬁguratlon selected from the group consisting
of amomc, cationic, or zwitterionic. In one or more of the prevmus embodiments; the one or '
more ﬁmcttonahzed solid or soluble substrates compnses onc specles with the metal bmdmg
' funct;onal group and a separate species that is cationic. In one or more: of the prevmus
' embodlments the metal bmdmg functional group is cationic. , i
[0069]  Inone or more of the previous embodiments, the metal binding functional group 18
selected from the group consisting of tris(2- ammoethyl)amme diethylenctriamine,
triethylenetriamine, tetraethylenepentamme polypmpyiemmme tetramlne poly(amldoamme)
(PAMAM) dendnmer deferoxamme (desferioxamine), arginine, h1st1d1ne, histamine, 1m1dazole

and combinations thereof, .
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[0070]  In one or more of the previous embodiments, the metal binding functional groupisa -

compound of formula L. -

wherein each incidence of R is independently hydrogen or C1-C4 alkyl, with the i:roviso that at
least one R is the site of attachment to a solid support optionally via a linker; and each of X, Y,
: and Z are mdependently (CH2)p, wherc nis an integer from 2 to 6, wherein a CHj group is
. optlonally reptaced by O, or NH. In one such embodlment the metal blndmg functional group is
_ the cationic chelating agent is tris(2-aminoethyl)amine, _TREN. Tn other embodiments, any close
TREN analogﬁe, in accprdance_ with formula I may be used in methods disclosed herein,
Numeiroué commercially available compdunds are enéompéssed B'y formula 1 and other s'ynthetié
designed compounds may be readily prepared by methods routinely used by those skilled in the
art. For example, 2 terhary amine of formula I may be prepared from a pmnary amine by
sequential reductive amination reactions. - ‘
[0071] Inoneor more of the pre'vious embodiments, a dendrimeric layer of positive charges '
is constructed on a solid surface by sﬁccessively activating the existing layer, for example by
reductive amination, then introducing a multivélent amino species, washing away the unbound
1 excess, then activating that surface agam etc. In the case of TREN for example, an initial layer
of TREN is covalently attached to the membrane and the excess washed away. The bound TREN
| is then activated, the activation agent removed, and a fresh TREN mtmduced w1th the effect of
adding a TREN molecule on reactive amino groups at the termini of the originally immobilized -
TREN, with the effect of esscntlally doubling the depth of the charge field, and tripling the
number of posmvcly charged groups. After washmg away unbound TREN additional layers can
.. be addcd Tt will be understood by persons of ordinary skill in the ast that many reagents and’ |
_ chemical methods may be cmployed to create conceptually eqmvalcnt arrangements of charges
or other interactive groups. | - ' -
[0072]  Inone or more of the previous emhodlments the one or more solids compnses one
solid Wlth the metal bmdmg functional group and a separate solid-that is anionic.: In one or more E

* of the.previous embodiments, the metal bmdmg functional group is anionic. In one or more of
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the previous embodiments, the metal binding functional group is selected from the group, '
conSistihg of 1mmod1acet1c acid, nitriloacetic acid, glutamic acid, aspartic acid, ammophenyl :
phosphate and combinations theredf. In one or more of the previous embodxments the anionic
chelating agent is iminodiacetic acid.

[0073] In one or more of the prevmus embodiments, the one or more functlonahzed solid or
soluble substrates compnses ore species that is cationic and a separate species that is anionic. -
[0074] ' In some embodiments, there are provided rmethods for purifying an 1gG antibody

- comprising contacting a cell culture harvest with at ledst one fatty acid having 8 to 10 carbon

- afoms to form & mixtufe, contacting the mixture with. allantoin; and separatlng solid materials

| after contacting the mixture with. allantoin to provide a solution comprising the IgG antibody.
[0075] In some such embodiments, the methods further comprise contacting the solution
with at least one chemically functtonahzed sohd or soluble species. In.some embodiments, the at
least one chermcally ﬁlncttonahzed solid or soluble species comprises tris(2- ammoethyl)amme

' [0076] In one or more of the previous cmbodlments ailantoin is present at a concentration in
a rahge sélected from the group cons1stmg of: (a) from about 0.6 to about 30%, (b) from about 1
to about 10%, and (c) from about 1 to about 2%. Inone or-more of Ithe previolus embodiments,
allantoinisin a ratxge from a non-zero amount up to about 0.6%. -

[0077]  Insome embodiments, the tnethod is applied to ntonoclonal or pquclouétl IgG. -
antibodies of natural origin, such as-serum or plasma. In éome embodiments, the method is
applied to fragmentary mununoglobulm constructs of enzymatic ot recombinant ori gin, such as
Fab, F(ab)y, or ScFv. |

[0078]  Insome embodamcnts there are prowded knts to famhtate the practlce of any one of
the mcthods disclosed. herem ‘

[00'79] The following terms are defined so that the invention may be understood more

readily. Addttlonal definitions are set forth throughout the detailed description. :

U {0080] . “Fatty acid” refers to an orgamc - molecule consisting of alinear ahphanc chain

terminated by a carboxyl group, with a gcneral structural formula of CHg(CHz),,COOH where
an integer of at least one. For fatty acids suitable for practlcmg the present methods, “n” may

be an mteger ofat least 4 up to 12. Specific examples of saturated fatty acids suitable for

'- _.p_ractlcmg methods partwularly include enanthic (heptanmc, cn actd caprylie (octanoic, CS)

ztcid, pelargomc (nonanoic, C9), and capnc (decanmc, C10) acid. The term fatty acid may also
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refer to unsaturated fatty acids, containing one double bond, ora larger number of double bonds,
such as 2, 3, 4 5, and s0 on, which may occur at any posmon along the primary carbon chain.

{0081] - “Allantein” refers to a purine metabolife produced by oxidation of uric acid with a
structural formula of C4HeN4O;3 and an IUPAC name of 2,5~d10xo-4—1m1dezohdmyl urea.

' [0082]  “TREN” refers to Tris(27a:ninoethyl)mnine. This electropositive compound is

“particularly known to embody strong efﬁnity for metal {ons. It may be cilemicelly affixed to
various soluble and insoluble materials to endov? those materials With chemical characteristics --

‘ mediated by TREN. '

' {0083] “Cell culture” tefers to the. culhvatlon of cells in a hqmd me(hum in the present
context, for the purpose of producmg IeG monoclonal antibodies. Cells employed for this )
purpose commonly include Chinese hams-terlovary (CHO) cells, but may include cell types from
other mammals, as well as nop-mammelian animal cells, plants, and m1crobes In dll cases, the
hqu1d medium contains nutrients to support cell growth.

[0084]  “Bioreactor”referstoa vessel within which cells are grown under controlled
conditions. The vessel may comprise a stainless ‘steel tank, or tank of other matenal or a lined

~tank, or a polymer bag of dimensions smtable to grow the number of cells requlred to produce a
target amount of the desired ant1body, equipped with sensors and inputs to permit momtonng of
critical process parameters and adjustments as necessary to maintain ideal conditions for cell
growth and antxbody product:on ‘

[0085] “Harvest” or “cell culture harvest” generally refers to the contents of a bioreactor at

: termmatmn of cell culture process In addmon to the IgG produced the harvest will initially
contam cells, cellular secretions, and expelled contents of dead cells, as well as the contents of
the nutrient medium in which the cells were o1'1 gmally grown. These non-anhbody components
constitute the contammants that are to be removed from the ant1body The particularly include
host protem and DNA but may alsc include v1rus and endotomn Cell culture harvests also
frequently contam mlsassembled or damaged forms of antlbodles m fragmentary forms.

[0086] “Clarified cell culture harvest” refers to a harvest from wluch the cells have been
removed. The clarification process may amount to no ‘more than centrifugation, or

.mlcroﬁltratlon ora combination of the two to remove solids, or it may include the use of

» chemical additives or solid materlals bearing chemlcally mteractlve surfaces to extract partlcular

classes of sohible contaminants from the harvest.
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{0087] “Fuqctionalized solid” or “one or more solids” refets to échemically interactive
solid in the physical form of a particle; membrane; monolith; filament or fiber; amorphous, |
W0ven, or‘crystalliﬁé frit; .gel, or any coﬁlpound_ construct or cbmbjnation of such physiqal
formats, including devices that embody one or more of such formats confi gured to support
retention of solids while permxtﬁng liquids to pass through the device. The term functxonahzed
itself is understood to indicate that base’ matenal 18 synthe'ucally modified for the spec1ﬁc: |
purpose of bearing an interactive chemical entity that enables the practice of the disclosed
methods. Although un-dissolved allantoin crystals with chemically interactive surfaces may be
‘piesent in various embodiments, it is to be understood thaf allantoin is net included within the
~ scope of what is meant by “functionalized solids” since no modification of the natural material is -
| required to render it functionalr The same conceptual framework applies to functionalized
soluble substrates, which may be used mterchangeably or in combination with fxmctlonahzeﬁ
solid substl ates, The soluble substratcs, before functlonahzatlon may be of natural or synthetic
origin, and of a size ranging from a few hundred Daltons () to more than 100,000 D.

| [0088] “Protein” refers to any of 4 group of complex organic macromolecules that contain
carbon, hydrogen oXygen, nitrogen, and usually sulfor and are composed principally of one or
more chains of amino acids linked by peptide bounds. The protein may be of natural or
recombmant origin. Proteins may be modified with non-amino acid mme‘ues such as through
glycosylatlon ‘pegylation, or conjugatlon with other chemical moieties. Examples of proteins -
include but are not limited to antibodies, clotting factors, enzymes, and peptide hormones. |
{0089] . “Host contammant” or “Host cell contaminant” refers to blomolecules that are
produced by the cells in which the product of interest is grown. The term may mcludc various
classes of host contammants such as host proteins and host DNA.

[0090] “Host protem or “Host cell protein” or “HCP” refers to protcms that are produced
. bythe ‘cells in wlnch the product of interest is grown, Such proteins reprcsent one class of -
contaminants that are fo be removed from the produict of interest.

[0091] "Antibody" refers to an immunoglobulin of the class 1gG, IgM, IgA IgD, or IgE
denvcd from human or other mammahan cell lines, mcludmg natural or genetically modified
forms such as humamzed human, single-chain, chlmcnc synthetic, recombmant hybnd
" mutated, grafted, and in vitro generated: antibodies. The antjbodies may be produced by a single

clone, in which case they are referred to as monoclonal, or from more than one clone, in which
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case they are referred to as polyclonal 1gG antibodies particulaﬂy refer to a class of entibodies
referred to as 1mmunoglobuhn G, which may also exist as one or.a mixture of subclasses, for -

) -example in humans as 1gGy, Ing, IgGg, or IgG4, or in mice as IgGl, 1gG2a, IgGas, o1 IgGs, orin
| rat as IgGy, 1gGaa, IgGas, 18Gac. Antibodies produced naturally or recombinantly in eukaryohc
hosts may exist in a variety of glycosylated forms, while antibodies produced in non-eukaryotic
" hosts may- exist in a variety of glycosyated and non~g1ycosy1ated forms. The term ant1bod1es is,
also understood to understood to include fragmentary constructs, whether of enzymatic or
proteolytic orlgln, including but not limited to Fab, F(ab’)z, VHH, and ScFv.
{0092)] - - “Endotoxin” refers to'a toxic heat-stable lipopolysaccharide substance present in the
outer membrane of gram-negative bacteria that is released from the cell upon lysis. Endotoxins
can be generally acidic due to theit high content of phosphate and carboxyl residues, and con be
highly hydrophobic due to the fatty acid content of the lipid-A region. Endotoxins can offer
extensive opportunity for hydrogen bondmg ' o o
[0093] “Polynucleotlde” refers to a blopolymer composed of multlple nucleotlde monomers
-covalently bonded in a chain, DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are
examples of polynucleotldes -Polynucleotides can have a high propen51ty for formation of
hydrogen ponds. ' _
[0094] “Protein preparatlon“ refers to any aqueous or mostly aqueous solution contammg a
protein of interest, such as a cell containing cell culture harvest, a (substantially) cell-free cell
culture supernatant, or a solution containing the protem of interest from a stage of punﬁcanon
- {0095] “Virus” or “virion” refers to an ultrarmcroscoplc (roughly 20 to 300 nm in diameter),
_ metabalically inert, infectious agent that rephcates only within the cells of living hosts, mamly
‘bacteria, plants, and ammals composed of an RNA or DNA core, a protem coat, and, in more
' complex types, a surrounding envelope.
[0096] * A useful starting pomt in ‘custornizing methods dlsclosed herein to a partxcular cell
‘culture harvest is to add dry allantom to cell culture harvest whleh contams cells or has had the
cells already removed, where the added aliantom amounts to 1%, w/v. Mixing is maintained
throughout the addition. A portion of the allantoin dissolves but another portlon remains
und1ssolved In water, about 0.6% dtssolves and the rest remains msoluble, butin complex
"’olologlcal systems where the allantoin 1nteraets with vanous components the proportxons may

shift. Nonanaic acid is added to a proportion of 0. 3%, v/v, and stlmng is continued. Fatty acid, -
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eddltlon may alternatively take place' in advance of allantoin addition, or concurrent with
allantoin addmon, but the suggested order app ears to support shghtly hi gher TECOVery of
antibody from the treat_ment Itis unnecessary in some cases-to adjust pH since the negatively
charged carboxyl group eﬂ the fatty acid itself reduces the pH to about 5.4. In other cascs, orifa
salt of the fatty acid is.ﬁsed, then the pH of the harvest: should be adjusted to about pH 5.2.
Conducti{rity need ﬁot'be adjuste&. Mixing 15 rnamtamed forupto 2- hours, or more, at which
point polymer particles bearing TREN are mtroduced where the proportion of particles may
range from 2% to a 5% v/v. Amounts lower than 2% and higher than 5% tend to be less
effective. Conduetwlty and pH need not be adjuisted, but pH will increase spontaneously due fo
scavengmg of nonanoate jons by the TREN particles. Mixing is continued for up to 4 hours, or
more, then terminated. Different mlxmg methods, mixers, and mixing speeds vary substantially
. with respect t0 efficiency, and directly influence the quality of results obtained with the disclosed

methods. They should therefore be investigated systematlcally before specifying a final method.
After mixing, solids are optionally allowed to settle, and the liquid is clarified by any expedlent
_ method such as microfiltration or sedimentation. The clarified tiquid may be optionally further
treated by passage through a device with an internal 11qu1d-contact sutface populated by positive
charges. No adjustment of pH or conductivity conditions is requlred at this step. The treated
material may be evaluated for reduction of turb1d1ty, host cell proteins, an’ubody aggregates,
antibody fragments, DNA, histones, nucleosomes, virus, endotoxm or other contaminants that
‘may be pertlnent to the goals of 2 particular punﬁcatlon )

[0097 ] Insome embodiments, fatty acids may be introduced to the harvest in their acidic
iofiic form When mtroduced in acidic form it may not be necessary to adjust the pH of the
harvest since the fafty acid itself may. fitrate the working pH to a suitable value. pH may be
adjusted, generally to a range of pH 4.0 to 6.0,.but more 1deally in a range of 4.5 to 5.5, or 4.8 to
52,0152, More acidic conditions generally support better contamlnant removal but less acidic
condlt:lons generally favor higher IgG recovery. Asa general matter, the disclosed methods
support good results at higher pH values than fatty acid preclpnatmn as traditionally perfonned,
It will be reco gmzed that av01dance of extreme pH may reduce chemical stress imposed on the
antibody and may prowde secondary beneﬁts in the form of higher recovery of functlonal
antibody end/_or imﬁtqved antibody stablhty Thus, it is generally beneﬁclal to evaluate

- moderaté pH vztluefs such as4.5to 5.525a matter of routme despite contrary procedures

26



WO 2014/196926 PCT/SG2014/000090
commonly practlced in the art for conducting precipitation with fatty acids. Even where advance‘
pH t1trat10n is not strictly requ1red it may be prudent since-it may increase the rcproduclblhty of
the method In other embodiments, fatty acids may be introduced as salts, such as sodium 7
caprylate, or sodium pclargonate or sodium caprate; or potassium caprylate or pelargonate, or
~ caprate, or other salt, such as-with a potassium cation. When introduced as a salt, it will be
necessary to adjust the pH of the working solution by addition’ ofan appropriate titrating agent to
achieve the desired working pH, since preparation of the salt effectively suspends the titrating
capacity of the component ions. Suitable titrating agents may consist of acids or concentrated
buffers pre—t:trated to or near the target working pH. Preliminary compansons mdlcate that the
§ree acid forms support more effective contaminant removal than fatty acxd salts. -

[0098} - Experimental data indicate that in some embodlments capric acid is more effective

than caprylic acld cspec1ally for removal of aggregates, however, apparent]y due to ifs h1gher

hydrophobicity, owing to its 10 atom carbon chain, 1t also involves higher risk of antlbody

~" losses, sometimes Jeading to lower Tecovery or erratlc results from relatively minor variations in

ambient temperature. Experimental findings to date indicate that thé effective concentration

range of capric aC1d is about half the concentration of caprylic acid in a similar context. ThlS

* indicates 0:2% capnc ac:d as one suitable concentration at which to begin experiments. Other
experimental data‘indicate that pelargomc (nonanom acid, 9-carbon) provides a more favorable

| balance of hydrophobicity and charge than éither capryhc or capnc acid, and supports more

, effectwe host protem reduction. Other expenmental results indicate that 8-nonenoic acid, a 9-

carbon fatty acid witha smgle double bond at the terminus of the fatty acid cham also supports

better results than capryhc or capric acid. ‘ ' '

[0099]  Insome embodiments, functionalized sohds may also be ethbrated toa partlcular

_pH value prior to their addition to the harvest. Such adjustment can be accomphshcd by washing
'the solids w1th a buffer contammg about 100 mM NaCl at the ta:rget pH The equilibrated : sohds

" may then be suctloned to remove excess liquid so that they can'be added to the harvest as a moist

~ cake. Experimentation may be beneﬁc1a1 fo- detenmne the most appropriate ethbratmn pH and -

conductwvty for a given punﬁcatlon In one embodiment, the solids may be pre-equilibrated in

' the first experiment to a pH of about 5.1 t0 5.3, or 5.15t0 5.25, or 5.2 with 20 mM acetate, 100 -

mM Na€l. Higher and Jower pH and conductw1ty values can be evaluated in subsequent

experiments,
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{00100] In some embodiments, functionalized soluble substrates may also be equlhbrated toa
particu.la}"pH value prior to their addition to the harvest. Such adjustment can be accomphshed
by adding acid or base to a liquid concentrate of the desired substrate(s). Modest
~ expetiméntation may be beneficial 1o determine the most appropriate equilibration pH and
conductivity for a given pnnﬁcatmn In one embodlment the soluble substrate(s) may be pre—
equilibrated in ‘the first expenment toa pH of about 5.1 to 5.3, or 5.15 t0 5.25, or 5.2 with 20
mM acetate, 100 mM NaCl. Higher and lower pH and co_nductlwty valhes can be evalnated in
subsequent Tuns. -

{00101} It will generally be worthwhﬂe to evaluate a range of. values for each variable in order B
to determine the most effective configuration for a particular purification. Allantoin -
concentration majf be evaluated at a lesser proportion such as 1%, or a higher proportion such as
2,3, 4, 5%, or intermediate 1ncrements Experimental data indicate that allantom becomes less
effective below 1%, : and that antlbody recovery may be cornprormsed above 5%, but broader -
ranges can be evaluated S0 long as there is an awareness of the potennal compromise that may '
arise. Concentrations lower than the suggested 1% may particularly compromise aggregate
reduction, while higher coneentranons may compromise antibody recovery. Lowet antibody
recovery may be acceptable in some cases due to athér effects deemed to be of greater value.
Experimentation with incubation conditions for-addition of allantoin alone is generally not
needed, since experience 1nd1cates that its effects occur very rapidiy Fatty acid eoucentration
may be varied from 0. 05% to 5% Incubatmn time as little as 15 minutes will likely compromlse
ggregate and host protem removal but may be evaluated along with 30- minutes, or 45 minutes,
or 60 minutes, or 90 mmutes or 120 minutes, or other interval of choice. Incubation tlmes longer
.than'Z hours may also be evaluated but expenmental data to date do not reveal a si gmﬁcant |
advantage in such intervals. The proportlon of functionalized solid or solubie substrates may be
reduced below 2% or raised above that value. Lesser proportlons appear to comprormse overall _
effectiveness of the method while higher concentratlons tend to merease the expense without”
relative beneﬁt Higher ooncantranons also bear an increasing risk of bmdmg the fatty acid to an
extent where prevmusly prec1p1tated contammants become resolubilized and re-contaminate the
‘ antibody- contammg sotution, Given the variation among eell culture matenais it will be prudent
to 1n1t1a11y explore a range of 1% to 5%. Incubauon timeisa maJor determmant of efﬁe1ency but

should be balanced against the economic dlsadvantages of long process time intervals. 16 hours’

28



WO 2014/196926 PCT/SG2014/000090
is convenient.as a startmg pomt because it corresponds w1th overnight incubation which can be
conducted unatiended, but lesser intervals should also be evaluated, such as 1 hour, 2 hours, 4 -
hours, and perhaps lesser, greater or intermediate intervals at the discretion of the user. Operating
pH for the initial incubation with the fatty acid may range from 410 6,0r4.5t05.5 or4.8tc5.2.
'Conductlvrty generally does not requlre adjustrnent, but can be mereased to about 2 times normal

_ physrologrcal conductivity by addition of a salt such as sodium chlonde, or reduced by about half
by addrtron of water, or wider ranges can be evaluated if desired. '

[00102] Itmaybe desirable to evaluate caprlc acld as an alternative to caprylic acid since
expenmental results 1nchcate that it is more effectwe in some instances for removal of antibody
fragments, and generally appears to be at least as effective in all other respects. Capric acid may
‘be beneficially used at a temperature of af least about 30 °C to be soluble. This may be
considered a disadvantage when applied to cell cultures harvests that are stored under

_ refn geration, but such concerns are suspended in situations where the fatty acid may beadded

directly to fresh cell culture harvest, and partrcularly where the cell culture harvest remains

resident in the bioreactor. In the latter case, the high temperature may be maintained for any .

. incuhation‘interval desired. This approach may have the .seeondary advantage that if the
temperature is reduced following the fatty acid -ixrcubatien, some proportion of the capric acid
will become meoh;ble and more likely associate with solids in the system,'with the effect of

; mcreasmg the efﬁclency of its removal from the system. Expenmenta] -data indicate that capnc
acid may be evaluated over the same range of concentrations as caprylic acid, though it wﬂl

| generally be found to be effective at 2 Jower concentration, and the optimum concentration for
pelargomc acrd will generally be intermediate between the two. Carbon chain lengths less than 8
are less effectwe pattlcularly with respect to aggregate removal, and consequently require larger

relative amounts, but remain potentrally usefol. Similarly, chain lengths greater than 10 are

L unpan'ed by the dlfﬁeulty of ach1ev1ng high concentrattons of soluble reagent due to thie mherent

- so]ublhty of the fatty acxd and they pose a hrgher risk of rediced anttbody recovery in some
1nstances As a general matter, expenmental data indicate that the more hydrophobic the fatty
acid, the. lower its effective concentration and the narrower its dynamw range. Other organic
acids combining one or more nega‘uve charges. and one or more ahphatlc or aromatic .

: A hydrophohrc mo1et1es, inchuding but’ niot limited to saturated fatty acids, unsaturated fatty. acrds,

- po]yunsaturated fatty acids, and phosphohp1ds may also be used to practice methods disclosed )
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herein, followmg the guidelines suggested herein.
{00103} Partmles bearing TREN on their surface may be obtained by synthesis or purchased
commercsally, such as WORKBEADS™ 40 TREN High (P/N 40 603 010) manufactured by .
BioWorks (Uppsala, Sweden). These particles are based on an agarose polymer, but it will be .
apparent that TREN may also be used to functionalize 2 wide range of sohd and soluble
substrates. Sohds may be sphencal irregulat, or ﬁlamentous and may in some cases be soluble.’
~ The method may also be practiced in a format whereby TREN particles aré packed in a column,

or TREN is 1mm0b111zed on 4 non-particulate surface such as a membrane a monohth a fiber, a

ciystalline matrix, or other solid support housed in a device that permits the passage of ﬂIlldS but a

not sohds _
[60104] Solids bearing TREN may be substituted by materials bearing otﬁer chemical species,
.or accompanied by other matenals bearing other chemical spemes or both, where the other |
chemical speéies_ still serve the same function of particularly removing contaminants. from IgG,
and removing some proportic')n of the fatty acid previously added to the harvest. In one such
embodiment, TREN particles are combined with particles bearing iminodiacetic acid. In another
" such embodiment, TREN particles are cembined with particles bearing a butyl or other
hydrophobic ligands on polymer particles with a negatively charged back bone. In another such
embodiment;, TREN particles are combined with pamcles bearmg electronegative moieties such
as sulfo-, phospho-, or carboxy- mowtles In another such embodlment TREN particies are
combined with a hydrophobic anion exchange matenal such as Dowex AG1x2 which compnscs
quaternary amines on a hydrophoblc styrenedwmylbenzene backbone. In another such
embodlment TREN partxeles may be combined with a hyzdrophobic cation exchange material. In
another such embodlment TREN particles may be combined with more than one other type of
par’ucles In another such embodiment TREN may be substituted by an electropositive matenal
" that, tike TREN embodies. electrop051t1v1ty accompamed by metal afﬁmty and the ability to. -
" participate in hydroged bonds and var dcr Waals- interactions. In another such embodlment
TREN may be substituted by an e]ectroposmve species that also embodles the ab111tyto
_ participate in hydrogen bonding and van der Waals mteractlons In one such embodiment where
no electropos1t1ve species embodles ametal affinity functionality, a species may be present
* wherea metal afﬁmty functionality is prov1ded by an electronegahve or Zwitterionic moiety.

Electropositive species. other than TREN may compnse one or more primary amines; one or
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more secondary amines, or more tertiary amines, one 01: more quaternary amines, with some
specific examples mcludmg but not. limited to 1 3-D1am1no—2—propanol 2-Amino-1, 3- .
propandiol; Ethanolamme,l-Ammo -4- guamdobutane Ammonia;1,2-Diaminoethane; 1 3-
Dlarnmopropane 1,3-Diamino-2- propanol bis(TRIS) pentane; 1,2-Diaminoethane;
Trlmethyla:mme bis(3-Aminopropyl) amine; 4~ Amino-4-(3-hydoxypropyl)-1,7-heptandiol; 1, 3
'Dlammopropane 9-Amino-2-methyl-1 3~pr0paned1ol 1,2- Dlammoethane, Dlethanolamme,
ms(Hydroxymethyl) aminomethane; N-(3—Am1nopropy1) diethanolamine; Ethanolamme N-
Butylamine; 1,3-Diaminopentane; 2-(2-Aminoethoxy) ethanol; Polyethylenimine (MW: 2000);
1- Amino-1 deoxy—d—sorbztol tris(Hydroxymethyl) aminomethane; N, - bls(.’Z-hydroxyethyl)
*ethylendiamine; Pentacﬂlylcnhcxamme, Triethanolamine; 1,3-Diamino-2,2-dimethylpropane; 3-
Methylamino-1,2-propandiol; 2-Amino-cthancthiol; Diallylamine; Polyallylamine;
Dicthylenetriamine; N-Methyldiethanolamine; 1 S-Dlammopentane 4-Amino-4-(3-
hydoxypropyl)-1 ?—heptandzol 1.,4- Dlammobutane Tnmethylamme chthyltnamme 6-
Amino- l-hexanol trls(Hydroxymethyl) aminomethane; 2-(Methylamino) ethanol; Methioninol;
4-Amino-1 -butanol Hydrazmc arginine, lysine, histidine, and histamine.
" [00105] Inone embodiment, charged species that particularly embody a high degree of metal
affinity may.include but are not limited to Tns(2 aminoethyl)amine; Diethylenetriamine,
_ triethylenetetramine, tetraethylenepentamme, polypropylenunme tetramine, PAMAM dendnmer )
(ethylenediamme core), deferoxamine, 1m1nod1achc acid, nitriloacetic acid, glutamic acid,
. aspartic acid, arginine, histidine, histamine, imidazole, aminoethyl phosphate ammophenyl
phosphate, or combmahons thereof It. will be recognized that all of these ‘embodiments are
part;cularly dirécted 1o removal of chromatm and materials assomated with chromatin, as a
means of reducing the level of aggregates in a harvest. It will be equally recognized that these
solid phase functionalities also play an important role in scavengmg soluble contammants ﬁ"om
the harvest, and thereby contribute to the overall purification factor achleved by the method
_[00106] o embodlments where TREN and/or Gther chemical spec1es are employed ot a solid
surface other than particles, the need to evaluate the time interval during which the particles are
incubated with the harvest may be dramatically reduced For example, where the chemical
species may be present on the surface of ﬁltratlon membranes through which the harvest ma-y be
" flowed, the contact time may be on the order of minutes rather than hours. Other physical

formats ‘may impose different flow restrictions or lac_k thereof so-that it will be prudent in all.
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cases to evaluate the rate of ﬂuid flow through the material. It will be equally prudent to evaluate
materials that contain different amounts of solid phase surfacc contact area, and to evaluate the
effectiveness of contact surface area versus flow rate, since larger area may support higher flow
rate without compromising effectiveness, but may compromise economy- In embodiments
employing TREN particles packcd'in a coluxnn, a useful starting point for experiments to
optimize conditions will be to pack a bed height of not less than 5 cm, and flow harvest through
the column at a linear flow rate of about 200 cm/hr. Columns with greatcr height, such asup to
30 cm may be used, and may support higher efficiency, but may also be used in conjunction with
a reduced flow. rate due to increased pressure drop across the greater bed height. As a general
matter, columns of 5-15 cm bed height represent a suitable practical range. In most such
embodiments, the volume of particles packed in the column for the first experiment in a series,
may be the same as the volume of particles that would be addcd directly to the harvest, such as
2%. Subsequent experiments may evaluate smaller or larger volumes, bemg mindful that smaller
volumes may compromise effectiveness while larger volumes may compromise economy. |
[00107] Insome crnbodhncnts, it may be advantagcons; after removing pfccipitatcs, {0 expose
the treated supernatant to other functionalizcd solids to remove particular contominant classes .
before continuing with other protein fractionation methods. In one such embodiment, the

. supcrnatant may be contacted with iminodiacetic acid functionalized patticles. Experimental
data indicate that TREN removes most metal ions more effectively than 1m1nod1acet10 acid,
except for calcium, magnesium, and manganese which are removcd more effectively by
iminodiacetic acid. In another such embodlment the supcmatant may be contacted with
hydrophobic anion exchange particles intended partlcularly to minimize thc content of rcmdual
fatty acid. Expcnmcntal data indicate Dowex AG1X2 comprising quaternary amino groups on
styrcnedmnylbenzene pamclcs as particularly suited to this purpose. In another such
embodiment, clther particles bearing a ncgatwely charged mctal binding functionality, or’
‘hydrophobxc anion exchange functioriality, of' “Both, or ncither, may be contatcted with a filiration
. device, the surfaces of which may be functionalized with similar or altemative chemistries, or

* may not be functionalized. In one such embodlmcnt after removal of solids, the treated antlbody
prcparahon is passed through a depth hHlter bcarmg posmvc charges In one such cmbodimcnt the '
Aconductmty of the protein preparation is reduced beforc being passed over thc dcpth ﬁltcr

beanng charges to enhance binding of soluble: a<:1d contammants In one such crnbodlmcnt at -
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least on sample-contacf surface of the depth filter is chemically modified to make it
el_ectrbposiﬁve, In one such embodiment, the depth filter ﬁlay'he substituted with .an
eleetropo'sitive monolith, membrane, or porous-walled hotlow fiber.

[00108] In some embodiments, 1t may be adventageous to conduct methods disclosed herein
in which all of the disclosed elements are present since the degree of influence- asserted by the
individual elements in the system as a whole cannot be predicted by their independent behavior.
This h1gh11ghts the point that the system as a whole achieves different results from conventional
fatty acid treatrnents through coordination with physical and chemical mechanisms that are

" distinct from fatty amdprempltatlon as practiced in the art In practicing methods disclosed’
herein, single elements of the method may be serially executed to erovide a streamlined
approach for any particular target IgG antibody In some embodiments, statistical techniques

~ such as Design of Expenments (DoE) as known in the art, prov1de a means to identify a
" selection of a reduced number of method embodiments disclosed hereln de51gned to a particular

1gG purification. :

© {00109] Tn one embochment the method may be apphed to IgG-contamm g feed streams that

have been processed prevmusly by other means: In one such embodiment, a bioreactor harvest

may have been treated in a manner distinct from the invention. It will be evident to a person of
ordinary skill in the art that the presence of other c_hemical additives may compromise the
effectiveness of the present method, or may be-transﬁﬂent or that the present method may
compound the beneficial effects of the previous treatment. In another such embodiment, the

IgG- contammg feed stream may be said to have been parhally purified. ’

[00110] Insome embodnnents, the IgG to be purified may be monoclonal or polyclonal and

may reside in a biological fluid such as serum, or plasma, or other naturaily-derived fluid. In

such embodiments, the same method parameters may be evaluated over the sameranges as
descnbed for processmg of monoclonial antibodies produced by in vitro cell culture techniques.

Itis to be expected that polyclonal antibodies cover a broader range of molecular behavior than a

given monoclonal antibody, and that differences in behawor of antibodies derived from different

" species may be observed, but it will be within the purview of a person skilled in the art to adjust

the elements of the methods dlSClOSCd herem W1thout departmg from the essential features of the

" invention as a whole:

[00111] In one embodlment the harvest may be further processed by one or more methods
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after the treatment bas been applied and solids removed -from the system. One such embodiment
‘may include passage of the treated harvest through a functionalized filter or other device
equilibrated to the same conditions as the sample. In some such embodims ents the pH and -
conduct1v1ty conditions of the sample may be altered to enhance the ability of the functionalized
device to extract contaminants. In another embodiment, the IgG may be concentrated and buffer
exchanged by diafiltration, which will also remove some contaminants. In another embodiment,
the treated harvest may be processed by hlgh performance tangentlal flow filtration. In another
embodlment the clarified supernatant may be processed by cation oxchange chromatography. In
another embodiment, the IgG may be precipitated from the clarified harvest by polyethylene
: glyool In another embodiment, IgG may be selectlvely prempltated frofn the clarified harvest by
a kosmotropic salt such as ammonium sulfate, sodivm sulfate potassium phosphate, sodium
citrate, or potassium citrate. In another embodlment the clarified harvest may be processed by .
steric exclusion chromatography, where IgG is forced to accrete on hydrophilic part:cles in the
. presence of polyethylene glycol or by preferential excluswn or chromatography, where the IgG '
is forced to accrete on particles i in the presence-of one or more kosmotropic salts. In another -
embod:mem the treated harvest may be processed by cation exchange chromatography In
another embodiment, the treated harvest may be processed by hydrophobic interaction
chromato graphy In another embodiment, the treated harvest may be processed by a form of so-
called mixed mode chromatography, wherea glven chromatography medium compnses multiple.
chemical fllllCthl’lallthS able to achieve different fractionation results than the COIlStlfuﬁnt ‘
" functionalities apphed sequentially. |
~[00112]  The following Examples are understood to be general, for 111ustrat10n only, and
.' should not be construed as limiting in any fashion. It will be evident to any person of skill that
followmg an initial clanﬁcatmn/punﬁcatlon step that removes 99% of host protein contammants '
_ 90% of aggregates and ﬁ"agments 99% of DNA endotoxin, and virus, almost any concelvable
pair of follow-on pohshmg steps may be able to achieve IgG punty sufficient for in vivo human
therapy, and is some embodiments, it may be possﬂ;le to achieve this result with only a smole

follow-on processing step.

. EXAMPLES

[00113] Example 1. Contammant removal by caprylic aoxd prec1p1tat1on in COI]._]U.I’ICUOH with -
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treatment by functionalized particles. Different amounts of caprylic acid were added to cell
culture harvest clarified By'éentrifugation, to final concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5%
respectively. Ailaﬁtoin was added to each sample to a final cﬁncentraﬁon of 1%. Neither pH nor
salt concentration was adjusted. Final pH at 0.4% caprylic acid was 5.4. The mixtures were
stirred for 2 hours. Solids were removed by péssing the sample through a 0.22;xm microfilter. |
The filtrate was then passed through a éolumn- containing an equal parts mixture of porous’ |

pariicles bearing TREN, iminodiacetic.aci‘d, and butyl ligands (WORKBEADSTM TREN 40 High
from BioWorks, Chelex—lOO from Bio-Rad, and Macro-Prep T-butyl from Bio-Rad,
respectively), where the combined: volumé of partiéles was 5% of the applied sample volume.
Host cell protein was reduced from an original 242,l888 ppﬁ of IQG in thé harvest to 233 S318in

©0.1% caprylic acid; 193,400 ppm in 0.2%; 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 hght chain dimers were reduced

from 12. 2% in the harvest to 5.3% at 0. 3% capryhc ac1d 3.4% in 0 4% and 3 6% in0.5% -
capryhc acid. There was no fragment reductmn at 0.1 and 0.2% capryhc amd Apgregates were
reduced from 1.28% in the harvest, to 1 22% n 0 1% capryhc acid, 0.87% in 0.2% caprylic acid,
0.31%1in 0.3% caprylic acid, and were undetectable (less than 0, 05%) at 0.4 and 0.5% caprylic

acid. IgG recovery across the caprylic acid concentrations was 99% in 0.1% caprylic ac:d 99%

at 0.2%, 95% at 0.3%, 99% at 0.4%, and 95% at 0. 5% Aﬂer treatment with the mixture of

porous particles, host protein was reduced to 4205 ppm in the sample treated with 0.4% caprylic
acid, representing a reduction of 98%- and leaving the antibody at greater than 99% pure, with

1% fragments and no measurable aggregate, with an overall IgG fecbvery of 99%.

[00114] Example 2. The effect of operating pH on .hcfst protein reductior}. A series of

' e){penments wés run where IgG-containing microfiltration-clarified harvest was freated with
0.4% capryhc acid; pH was not adjusted in an experimental control; pH was adjusted to pH 6 and
. 7 in two separate expenments Host protein content was 38,602 ppm in the unadjusted control

" (pH 5.4); 171,232 at pH 6.0, and243675ppmatpH70 o
[00115] Example 3. Subsequent purification by 1gG prec:pltatlon with polyethylene glycol

The sariples ﬁom-Example 1 treated with 0.4% and 0.5% caprylic acid, followed by the porous

liarticle treatment, were further puﬁfied by precipitation with polyethylene glypol (PEG'—GOOQ),
conducted at 20.5% PEG, 800 mM NaCl; 50 mM Hepes, pH 7.0. After PEG precipitation of

harvest treated wifn 0.4% caprylic acid, host proteins were reduced to 1Tppm, aggregates 10
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. 0.09%, and light chain fragments were undetectable. Afier PEG precipitation of harvest treated
at0.5% capi'ylic acid, host protein was reduc’eci to 13 ppm, aggrcgatcs to 0.1%;,"and light chain
fragments were undetectahle. These results both; correspond to a 99.9995% reduction of host
protein. In a parallel control expériment where the harvest was not treated by the present method,
PEG prccipitation reduced host protein to 67,687 ppm. The more than 6,000-fold improvement .
provided by the disclosed method illustrates two distinct benefits. The obvious benefit is that
reduction of host protein contaminétion by thc preccnt method permits a follow-on method to
achieve a yet greater reduction of host protein contamination. It also highlights the arguably
grcator benefit that the chscloscd method partlcularly removes contaminants that mtcrferc with
the ability of the purification method itself to achieve its best results.

[00116] Example 4. Intcgrctioh of the method with an anion exchange depth filter. 0.4%
caprylic acid was added to cell culture harvest without any pre-treatment. Allantoin was added
fo a final concentration of 1%. “The. mlxturc was continnously stirred for 2 hours, then passed
through a two-stage anion exchange depth filter instead of a membrane microfilter as in
Examples 1-3, in preparatlon for the same porous particle mixture treatment described in

. Example 1. ‘The depth filtration step reduced host protein 19-fold from 176,244 ppm to 9173

| ppm, reduced aggregates from 2.03% to undctectablc (Icss than 0. 05%), and reduced light. cham
contaminants from 12% to 1%. ”

[00117] Examplc 5 ~Enhanced pcrformance by protein A affinity chromatography. A sample
prepared by the freatment with allantoin, caprylic acid, and mixed particles as described in
'Examplc 4 was subjectcd to punﬁcatlon by protein A afﬁmty chromatography (ToyoPear]l AF-
rProteinA 650F Tosoh Bioscience). Protein A normally reduces contaminating host protein
fevels to the range of 500 102,000 ppm of 1gG when feed stream consists of cell harvest clarified
by cenmfugann and/or microfiliration. Performmg the capryhc acid- allantom and porous
jpartlclc method dcscrlbed in Example 1, in advance of protein A, allowcd the protcm Astepto .
achiieve a host protein level below 1 ppm, and aggregates. beneath the level of detectab1hty This .
partlcularly highhghts that the disclosed miethod removes contaminants that interfere with the

-+ ability of protein A to fulfill its potential. o | |

[00118] Example 6. Enhanced performance 'by cation exchange chromato graphy followed by
anion- exchangc ohromatography A sample prepared by the treatment with allantoin, caprylic

acid and mixed particles as described.in Example 4 was subj ected to further punﬁcatlon by
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cation exchan ge e'aromatography Cation exchange normaliy achieves host protein levels of
5,000-15 ,0000 ppm when apphed after cell harvest: clanﬁcatlon by centrifugation and/or
m1croﬁitrat1on At least two™ add1t1ona1 chromatography steps are typlcally used to achieve levels .
. lower than 100 ppm. Performing the disclosed method in advance of cation‘exchange allowed
the cation exchange step to ach1eve 2 host protein level of 4.6 ppi, and reduced aggregates to
0.68%. A single follow-on polishing step of aniion exchange in void exclusmn modein 50 mM
Tris, pH 8.25 reduced host protein to less than 1 ppm and aggregates fo 0.53%. Alternatively, a
final polishing step of Capto adhere chromatography, where the column was equilibrated to 1.0
M NaCL, 50 mM Hepes, pH 7. 0, loaded, washed with the same buffer, then eluted with a linear
gradient to 300 mM NaCl, 50 mM Hepes, pH 7.0 redueed host protein contammanon to less than _
1 ppm and aggregates to less than 0.05%. _
- [60119] Example 7. Enhanced performance by antibody precipitation followed by anion
"exchange chromatography. A sample prepared by treatment w1th allantoin, caprylic acid and
“mixed particles as described in Example 4 was subjected to further purification’ bya mlxed-mode ."
precipitation step, 1n1t1a11y with PEG as described in Example 3 followed by a transition to 2.0 .-
-ammomum sulfate, pH 7.0.. The IgG was resolublized and tested revealing 5.9 ppm host cell
protein. Aggregates were beneath the level of detection (less than 0.05%). A single follow-on
polishing step of anion exchange in void exclusion mode in 50 mM Tris, pH 8.25 reduced host
protein to less than 1 ppm. This result is important because it hi ghhghts the ability of the
disclosed method to provide a foundaﬂon that permits mexpenswe low-functioning fractionation
- methods to achjeve better overall purlﬁcatloa performance that processes that are based on the
' perceived h1ghest performmg fractionation method of all: protein A affinity chromatography.
{00120} Example 8. Replacement of multlple spec1es of mixed partlcles with TREN particles:
0.5% capryhc acid was added to cell culture harvest thhout any pre- _treatment. This produced a

~ pH of about 5.3. The mixture was contmuously stm'ed for 2 hours. Allantoin was then added at - .

1% and 1ncubated for' 15 mins; TREN particles (Workbeads TREN 40 high) were added at a -
.proportion of 5% v/v and meubated overnight at room temperature Half of the volume was
passed through a depth filter as above to remove solids. The other half was passed through a
0.22pm mleroﬁlter The mlcroﬁltratmn versxon produced material that contamed 100-fold less
- “host protein than the harvest (1, 758 versus 176 244 ppm), aggregates ﬁ:om 3.03%to 0. 83%, and ‘
anubody fragments from 11.8t01 23%, with an antxbody recovery of 90% The depth ﬁltratlon _
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version reduced host protein fo 135 pnm and aggregates {0 1ese fhan 0.01%, with an antibody
recovery of 85%. ' = | ' .

{00121} Example 9. Particle mcubatmn time. A series of expenments was run in parallel to

Example 8. ‘Reducing incubation tlme with the TREN particles to 4 or 6 hours produced roughly

the same results as ovem1ght (16 hour) mcubatlon Reducing incubation tnne to 1 or 2 hours

achieved inferior results. '

- [00122] Examp!e 10. IgG punﬁcatlon of treated harvest by concentrat:on/dlaﬁltratlon,
followed by anion exchange chromato graphy. Tangen’ual flow filtration is commonly used for
concentratmg and dxaﬁltenng process solutions, but it is not cons1dered to be a purification step
because its abilities are considered to be too limited. The matenal proeessed with depth filtration
from Example 8 was concentrated by tangential flow filtration. Host protein concentration was |
reduced to 20 ppm. Aggregates remamed at 0% This material was pohshed by.anion exchange

in void exclusmn mode as descnbed in Example 6. Host protem was reduced below the level of

detectablhty (less than 60 parts per bllhon) Aggregates were undetectable Antibody light cham
fragments and heavy chain fragments were undetectable. This highlights the ability of the

disclosed method fo enable another percelved low-functioning fractionation technique to achieve

higher purity than processes based on protein 'A-chromatography as typically practiced.

[00123] . Example 11. 1gG purification by prec;1p1tat1on and anion exchange chromatography.

The material processed w1th depth filtration from Example 8 was concentrated by the

| precipitation method in Example 7, then the anion exchange method in Example 6. Host protein

concentration was reduced to less than 1 ppm at the precipitation step and béneath the level of

 detectability (less than 60 parts per billion) ‘after anion exchange Agpregates were undetectable. -
Antibody light chain fragments and heavy chain fragm ents were undetectable. This highlights
the ability of the disclosed method to enable another percewed 1ow-functlon1ng fractxonahon
techmque to’ -achieve hlgher purity than processes based on protein A as typmally practloed
'[00 124] Example 12. Enhancement of IgG purification by protem A affinity and anion
exchange chromatography. The matem_al processed with depth ﬁltratlon from Example 8 was
fractionéted by the protein A affinity and anion exchange steps as in Example 6. Host protein .

' ooncentratlon was reduced to less than 1 ppm at the protein A step and beneetﬁ the level of

._ 7"detectab111ty (less than 60 parts pet billion) aﬁer anion exchange: Aggregates were undetectable

Antibody light chain fragments and heavy chain fragments were undetectable. This example
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i ghli ghts the ability of the disclosed method to enhance the pcrformance of a high-functioning
. purification method by more than 100-fold. .
[00125] Example 13. The disclosed method as an intermediate purification step. An
expenmenta] control was run in which cell culture harvest clarified by centrifugation and
microfittration was fractionated by prec1p1tatlon as descnbcd in Example 7. This reduced host
protein from 287,655 ppm to 67,687 ppm, aggregates. from 2.83 to 1.57%, and anubody
fragments from 10.4 to 2.3%. A follow-on anion exchange step in void exclusion mode reduced
Thost protein 99.6% to 221 ppm and aggregates to 1.45%. This experimental control was
compared with 2 process in which the precipitation step was followed by treatment with 0.4%
_caprylic acid, 1% allantoin, and 5% TREN-functionalized particles. After incubation for 6
hours solids were removed by depth filtration. Host protein contamination was reduced to 21
ppm and aggregates below the level of detectability. This material was fractionated by anion
exchange chromatography as described in Example 6. Host protem contammatlon was reduced
below the limit of detectabthty Thus usmg the disclosed method as an mtcrmedlate step
increased the purity of the final product by greater than a factor of 200.
[00126] Example 14. Qualification of capric acid and enablement of an ammonmm sulfate -
precipitation, anion exchange chromatography purification process. Cell culture supernatant was

treated with 0.2% capric acid, 1% allantoin an@ 5% TREN partlcles After overni ight incubation

- at 37°C, solids were removed by depth filtration-on a Sartorius PC-1 filter. The filtrate was then

purified by precipitation with 2.0 M ammonium sulfate in 50 mM phosphate, pH 7.0, then bya
" final pohshmg step of anion exchange chromatography in void exclusion mode as descrlbed in
o example 6. Host protem was reduced from an initial level of 287,655 ppm to 987 ppm by the-
| -capnc acid- allantom—partlcle treatment then fo 76 ppm by amnmonium sulfate preclpltatton and
less than 1 ppm by anion exchange Aggregates were reduced beneath the level of- detectton at
the capfic actd—allantom pamcle step. Antlbody 11ght cham and heavy chain fragments-were -
reduced from 10 410 0.6% at the capric acld-paztlcle step, and beneath the level of detectability
after ammonium sulfate prec1p1tation This provides another example where the disclosed
-. ‘method enables a perceived low—functiomng ammonium sulfate prectpltauon step to achwved
better purification than the percewed high-functioning altematlve of protein A afﬁmty
' chromatography as typically 1oaded with harvest clarified by physwal means.

100127} Example 15. Evaluation of capric. acid concentration. Expenmcnts were Tun in.
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parallel with example 14 at 0.1, 0.4 and 0.6% capric acid. 0.1% did not support oomparable
purification. 0.4% and 0.6% caused excessive antibody loss. An experiment with 1% capric acid
precipitated nearly all of the antibody with the contaminants.
[00128] Example 16, Evaluation of different caprylic acid conc‘entratioﬁs wi_th-and without
" allantoin. Cell-containing harvest was clarified by centr-ifugetion and membrane filtration
through a 0.22 micron meimbrane, then the pH of the éupefnatant was reduced to 6:0. Various _
subsamples were treated with caprylic acid at amounts of 0.01%, 0.05%, and 0.1%. All samples
were tuﬂaid following treatment, indicating the persistence or reformation of particulates even
after precipitated matenals were removed by centrifugation. The sarhe series of expenments was
repeated in the presence of 2% allantoin. Antlbody recovery and reduction of contaminants was
| essentially equivalent but the processed material was sparkling clear after processing. This
E}iample illustrates the contribution of allantoin to the performance of the disclosed method as a
' whole. o | ' S '
[00129] Example 17 Accelerated clarification of mammalian cell harvest by addition of . -
allantoin. Allantoin was added to a final concentration of 1% to 5 L of cell-containing cell
culture harvest containing an IgM monoclonal antibody, among the usual spectrum of
contaminants. The container was swirled gently to mix the components. Interactions between
allantoin and unknown cell culture components-caused this amount of allantoin to be fully
dissolved, so an additional 1% was edded, bringing the total added amount to 2% (w/v). The
container was again swﬁléd to- mix the components. Whereas particulate materials had been -
observed to settle Verj) slowly before addition of allantoin, and oﬁly'slighﬂy fasterin the
presence of 1% allantom settling rate was obv10usly accelerated by 2% allantoin, and left the
cell culture supematant sparkling optically clear within a period of about 2() minutes. The -
differential between 1%: and 2% allantoin was interpreted as an md1cat10n that 1% allantoin, by
virtue of the presence of some solub1hzmg substances in the sample, was almost completely
' dlssolved The supernatant was subsequently decanted. This madvertently resuspended a portlon
of the precipitate, which was subsequéntly centrifuged to sediment the remaining solids. “This
h1gh11ghts the ability of allantoin to improve the quality of cell harvest clarification independent
‘of fatty acids or other additives, It also highlights the p'otenﬁal benefit of conducting initial trials '
with an allantoin concentration of at least 2%. Tt further highlights thé important point that the.'

's'olublility of allantoin may be effected by components of.a éé.mple, with the effect that a
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supersaturating concentration of allanto_in can be dete;‘nlined expeﬁmentélly; although its known
solub1hty in water may prov1de a useful prehmmary guide. .
- [00130] Example 18. Clarification of an E.coli lysate by addmon of allantoin. 20 grams of
E.coli paste in 250 mL of 50 mM Hepes, pH 7.0 past was homogenized with a mICIOﬂuldIZCI‘ at
16,000 x g. The homogenate was then centnfuged at 15000x gforl hour to remove the largest
- particulate species. This produced a tan-coloted turbid supernatant. Dry allantoin was added
directly to the supernatant to a final concentration of 5% wiv. The mixture was swirled for about
1 minute than allowed to sefile. Insoluble materials settled within a few minutes leaving a
sparking clear supematant that contained more than 90% of the protein product that was present
in the original homogenatc The supematant passed easﬂy through a 0.22 micron membrane
filter,. where supernatant prior to allantoin treatinent clogged the filter virtually on contact. This
Example highlights the ability of allantoin to- dramatlcally improve the ﬁlterablhty of a treated
sample, and highlights the independent contribution of allantoin to the performance of the
“method as 2 whole. It also illustrates that the d1sclosed method is not restncted to antibodies
grown by mammalian cell culture.
[00131] Example 19. Recovery of antibody and endotoxm reductlon from an IgG- endotoxm :
mixture using allantoin. Endotoxin was added to Img/mL human IgG in 5SmM HEPES 100mM
NaCl pH 7. O to 22 000 EU/ml 2% (w/v) allantoin was added to allquots of this mixture and
allowed to mix for 15 minutes at room temperature. The suspension was clarified by
centrifugation Protein and endotoxin concentrations were measured-fo calculate antibody
recovery and endotoxin removal. 2% (w/v) allantoin reduced endotoxin twofold. Antibody
recovery was unaffected by the amount of allantom In a subsequent series of experiments, the
amount of ajlantoin was increased in increments, up to 10%. Annbody recovery diminished
] gradually to about-93% at 10% allantoin, whﬂe endotoxin removal efficiency increased to about

. 99%. These éxperiments illustrate that the use of larger amounts of allantom can result ina loss

- of IgG. Additional experiments w1th protems ranging in size from about 12 kDato'1 MDa |

indicated a definite trend whereby the hﬁss of protein increases with incfea‘sing profei_n size. This -
Example il]ﬁstrates the ability of allantoin to enhance the performance of the disclosed method as
awhole. . -- ' | N |

[00132] Example 20. A viral culture contammg 1010 partlcles per mL of mmute virus of m1ce

was copremputated under physmlo gmal conditions by addition of allantom in an amount of 1{)%
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Infectivity testing of the supernatant documented removal of 99.9% of the virus, Another viral

culture containing 10’ partlcles per mL of murine leukemxa virus was co-preclpltated under

physxologmal condmons by addition of allantoin i in an amount of 10%. Infectivity testing of the |

supernatant documented removal of 99.9% of the virus. This Example illustrates the mdependent .

contribution of allantoin to the disclosed method as a whole. '

[00133] Example 21. C]anﬁed IgM cell culture harvest with NaCl.added to a conduct1v1ty of

20 mS/cm was passcd through TREN particles packed in a column. IgM recovery was 98%. '
Histone and general host protein remova] were about 35%, DNA removal was 99%. ngh
molecular we1ght aggregates were reduced from 19.4% to 1.3%. Tlns Example 1llustrates the
independent contribution of TREN particies to the d1sclosed method as a whole.
[00134] Example 22. AnnuHERz IgG cell culture harvest clarified by centrifugation and
microfiltration was passed through TREN particles packed i ina column where the volume of

TREN partlclﬁs was 2% of the volume of applied cell culture harvest Flow rate was 200 cm/hr
The treatment reduced aggregates from 20.4% to less than 3. 2%. Host protem contamination
was reduced by 58%. This Example 1llustrates the independent contnbutmn of TREN particles to
the disclosed method as a whole.

[00135] Example 23. Ant1—HER2 IeG cell culture harvest clanﬁed by cenmﬁlgatlon and

microfiltration was passed through a column packed with the same mix of particles as Example

1, where the volume of the particles was 2% of the Volume of-applied cell culture harvest. Flow

rate was 200 em/hr. The treatment reduced aggregates from 17.4% to less than 4%. Host protem

contamma’ﬂ on was reduced by 42% This example 111ustrates the independent contnbuhon of

mixed functionalized particles to the disclosed method ds a Whole ‘

[00136] Example 24. Comparison of metal removal selectlwty of TREN and iminodiacetic

functionalities. Cell culture harvest clarified by centrifugation and microfiliration was passed

over either a column of TREN-funchonahzed agarose polymer mlcrospheres or a column of

Chelex-100. Results in Tabte 1 shows that Chelex is substantlally more effectwe for calcium

and magnesium. The two are similarly effective for copper, manganese, nickel, lead, and zinc.

TREN is substantially more effective for ataminum and iron.

Table 1, ICP:OES. metalﬁ'étnalysié. All valués in ppm. nd = not detected. '
‘Al Ca Cu “Fe Mg ‘Ma N P Zn
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Original material 55 20824 11 5590 35255 10 17 8 653

" PostChelex . 33 & .5  97. 3 2 - 6 nd 256

PotTREN' 10 15709 4 255 23954 4. 8 ‘nd 262

[00137) Example 25. Integrated puﬁﬁcation of moﬁoclonal IgG from cell calture harvest. -
Cell-contammg anti-HER2 cell culture harvest was combined with allantoin at a final_

~ concentration of 2%, and caprylic acld at a final concentration of 0. 2%, then incubated for 2
hours. TREN-functionalized paI'tIClCS were added to a final proportion of 5 %, .and the mixture

- was allowed to incubate for an additional 4 hours. Precipitates were remoyed by centrifugation
and the supematantWas combined with an equal mixture of Chelex-100 and Dowek AGIx2
particles, where the combination was at a final proportion of 2%. After 1 hout incubation, the
mixtore was applied to an anion exchadﬁe depth filter to remove the particles. The filtrate was
subsequently concentrated ina tangentlal ﬂow ultraﬁltratlon system using a membrane with a
por031ty eqmvalent toa. globular protem size of about 50 kDa, and diafiltered agamst a buffer of -
TM NaCl 1 M sorbitol, 20 mM EDTA, 50 mM phosphate, pH 7 2. After conoentratlon to about
20 g IgG per liter, the retentate was processed by anion exchange chromatography on a coltimn '
of UNOsphere Q operated in void exclusi_on mode. This example illustrates the ability of the
disclosed clarification methods to enable process performahce far in excess of current methods
-des.pite using only a percei\‘red low-functioning purification method (ultrafiltration) and a single

anion exchange chromatography step. Process results are summarized in Table 2.

Table 2, Process summary. HCP: host cell protem HCP rdx %reductlon nd: not detected

7 Step/parameter - - HCP ppm - '7 HCP rdx - Aggr. % Recov %
Origival material 276008 0 = 1047  100/100
Post-clarification 112 . . 9996 002 9191
© postulmaltaion . 74 99997 . 003 96/87

Post.VEAX. 006 . 99.99998 <001 99/86

[00138] Example 26. Antagonism befween fatty amds and oppositely charged solids. Cell B
harvest clanﬁed by centrlfugatmn and: mwroﬁltratlon was treated with 1% allantoin and 0.4%
capryllc acid, then incubated for 4 hours. The material was spht into 3 ahquots The first’ was

treated with 5% TREN particles. This was the experimental control for the series. The second
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was treated \rvith 10%.TREN paﬂicleé The third was treated with 5% TREN particles and 2%

-‘; Dowex AG1X2 particles. As in other’ experiinents under these cond1t1ons, the combmatron Wlth

5% TREN parhcularly reduced free light chain contaminants to less than 0. 1%. The amount of

free light chain rebounded however to more than 5% in the experiment with 10% TREN and

* TREN plus Dowex. These results indicate that the solid materials removed a sufﬁerent amount of
- caprylic acid from precipitated light chains for them to regain solubility and thereby

recontaminate the unprecipitated IgG. It is especially notable that"e lesser amount of Dowex wﬁs

able to achieve this result compared to TREN. This is consistent with the known strong
hdyrophobicity of this particular form of Dowex which should elevate its effectiveness. for
competitively dissociating capryhc acid from capryhc acid-contaminant precipitates.

[00139} Example 27. Antagonism between fatty acids and oppos1te]y charged solids. Cell .

harvest clarified by centrifugation and microfiltration was treated with 1% allantoin and 0. 4% .

caprylic acid, then incubated for 4 hours. The material was spht into 2 aliquots. The first was -

" treated with 5% TREN particles. This was the experimental control for the series. The second
.wes treated with 5% TREN particles and 5% chelex 200 particles, As in other experiments under
these eonditiens, the combination with 5% TREN particularly reduced free hght chain
contaminants to Iess than 0.1%. The amount of free light chain rebdunded however to -more than
5% in the expenment -with TREN + Chelex. This is difficult to explain since both TREN and,

- chelex are solid phase chelators, and Chelex is negatively charge, which means that it should not .
interact drreetly with caprylate ions, and should therefore have no effect on the ability of TREN
to remove light chain. These results suggest that the effect of SOlld phase chelators in the system
may not be mediated by metal binding, but by a chermcal feature of such hgands that parallels

~ but is distinet from metal binding, '

- [00140] . Example 28. Altered process order, Antr—HERZ cell cultnre: harvest was treated wrth |

1% allantoin- and 0. 4% capryhc acid for 2 hours, then 5% TREN. partrcles for 4 hours Sohds

were removed by centnfugatlon and the supernatant passed over an anion exchange depth filter .

- (Sartorius DC- 1). Host cell protein contamination was reduced to 531 ppm. Aggregates were

_ reduced to less than 0.1%. Excess free hght chain was reduced to less than 1%. In a related
experitment, the depth ﬁlter was substituted by an anion exchange hollow ﬁber (Qyu-speed,

'Asahl). Host protein reduction was equivalent, to 528 ppm, but aggregates were reduced to only -
3.7%. '
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[00141] Example 29. Non-mteraetwﬂy of DNA and fatty acids. Capryhc acid pree1p1tat1on
has been described as having the’ ablhty to prec1p1tate DNA (Brodsky ef al supr. a). ThlS does not
make sense because thelr 1dent1ca1 negatwe charges should repel each other. ThlS was confirmed
in an experiment in Wthh purified DNA at concentrations of 12,5, an 10 micrograms permL

‘was combined with 0.4% caprylic acid at pH 5.2 and physmloglcal conductivity for 2 hours. No

s1gn1ﬁcant differences were observed in the D'NA concentrations after treatment. This shows that

apparent DNA hmdmg described by others is attributable to indirect binding through an
intermediate species, which according to research by Gan etal (supra) is likely the hlstone
component-of nucleosomes. o

[00142] . Example 30. Contammant reduction by caprylic amd preelpltatlon in the absence of
features of the dlsclosed method. Experiments were run to document a basehne for clarification l
performance by caprylic acid, to illustrate the dlfferences between capryhc acid alone, and the .
dlsclesed method. All expenments werecondueted_ on an IgG- eont_a_mmg cell culture harvest
containing 259,777 ppm host protein and eggregates emeunting to about 30% of the"non—
aggregated IgG. All experiments were conducted at physiolo glcal conductmty Effects on host
. protem 1gG recovery, and aggregate content were evaluated at 0.5 pH unit intervals from 3.5to0
7.0. Highest host protein reduction was at pH 3.5, but IgG recovery was less than 50%. Highest
aggregate removal was at pH 4.5. Highest IeG recovery was at pH 6.5 and 7.0, but host protem

and aggregate reduction were poor. Complete resu]ts are g1ven in the table below.

pH Host protems (ppm) : 1gG recovery (%) - Aggregate (%)
ccH . 20k 100 - . 137

35 se6k . 46 19
40 - 783k a3 32

55 90.4k S 76 29

50 ek 83 a4l
Viss oo sk - . s . sl

60 257k o4 | 158

6.5 246 X - 10 166

7.0 -266k' : 105 B T16.6

: [00143] Example 31 The effect of pH on the disclosed method An IgG-containing harvest
also contalmng 172, 038 Ppm host protein and 22% aggregates was evaluated at pH values of 5. 0
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5.5, 6.0, 6.5, and 7.0, where 1% allantoin and 4% caprylic acid were added to the harvest and
mixed gently, then 5% .(v/v) B10Works TREN h1gh particles were added and mixed for 4 hours -
before removing the solids by ccntr:lfugatlon and mlcroﬁltratlon Results were dramatmally
superior to Example 30, h;ghhghtmg the superior pérformance of the disclosed method.
Completé results are given in the table below. FLC refers to free light chain. o

pH  Host proteins (ppm). IgG recovery (%)  Aggregate (%) | FLC (%)

CCH 172k 100 23.7 237
50 1529 S S 03 04
55 1198 ' 95 ' 0.3 0.7

6.0 6595 - 99 04 185

65 . . 39k ' o4 . 0.5 ' 19.8

75 62k o4 | o5 202

" The previous experiment was repeated at narrower pH intervals to refine the estimate of
‘optimum pH. These experiments were performed on a different cell culture harvest contammg

.. the same antibody. Complete results are deseribed in the. followmg table.

rH Host proteins (ppm) IgG‘recovery (%)  Aggregate (%) FLC (%)

CccH . 195k ‘1000 22.9 236
4.8 3708 80 - 03 03
50 1469 86 - b2 0.2
5.2 169 o1 | 03 - - 03

S os4 e 94 04 03
56 580 97 05 124
5.8 ek - 97 05 17.8

[00144] Example 32. The combined influence of pH and conductivity in the absence of the
. functionalized particle addition. A series of experiments was conducted evaluatmg the effects of.
pH. 4.8,5.2, and 5.6, each at condoctwﬂy values of 12 mS/cm, 16 mS/cm, and 20 mS/cm. The
starting material. was a cell cultufé harvest containing the same antibody, ptus 213,821 ppm host
protem and 25. 6% aggregates. The data show that the disclosed. method, even limited to the
allantoin and caprylic acid components achieves substa.nhally better results than capryhc acid -
alone (Example 30). Complete results are, described i in the followmg table. '

. pH/cond. Host proteins (ppm) - IgG recovery (%) ~ Aggrégate (%) ~ ° FLC (%)
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CCH 195k 100 229 236

43 o | S |
12 4556 o790 10 04
16 5977 ' 89 30 - . 03

20 | 433 -89 30 07

52 | | o |
T A S - R 0.2
16 4340 100 18 - 0.9
20 4937 L 09 . 08

56 0 - | | |

12 9679 1000 0.8 | 14.5
16 35k 100 08 .- 17.0
20 T 44k w0 - 09 14.1"

[00145] -Example 33. Comparison of commercially available TREN particles with
expérimentally prepared TREN pafticles Commercial TREN particles a.re manufactured to
perform the techmque of immobilized metal affinity chromatography and embody physical
properties not necessary to practice the disclosed method, such as pressure resistance, defined
homogenous particle size distribution, and defined pore size distribution in the particles. Besides -
being unnecessary, these features make the particlés expensive. We prepared TREN barticles
ﬁ'om'chcal-a biodegrﬁdable cellulose particles and-cellulose ﬁBers. .he particles or fibers were

. equﬂlbrated with 1 M NaoH, 1 mM sodium borohydnde 100 mM tris(2- ammoethyl) amine
(TREN), and 320 mM epichlorohydrin, then allowed to react for 4 h at 50 degrees C. The buffer
was replaced w1th 1 M NaCl, then water, to wash away residual reactants and reaction -
byproducts Imrnoblhzatmn of TREN was conﬁrmed by binding of. the anionic dye Methyl Blue.

v _The expenmental partzcles were compared with commercna] TREN partrcles at 5% viv followmg
treatment of the harvest with 1% allantoin and 0.4% capryhc acid at pH 5.2. 1gG- containing cell
culture contained 28.3% aggrcgates and 258 999 ppm host: protcms Complete results are

: presented in thc following table. cTREN refers to commercial TREN (BzoWorks TREN high) CP
refers to cellulose patticles. CF refers to cellulose ﬁbers 1% expenmental pamcles outperformed

1% commercial TREN, but 5% commercial TREN gave better performance than 5% -
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experimental particles. ) o _
Particles  Host proteins (ppm) IgG recovery (%) | Aggregate (%) . FLC (%)
CCH 259k 100 983 291

5% cTREN 1377 8 22 | 18
1%CTREN ~ 14k oo 21 10d
swcF 3k - 8 29 21
1% CF 8750 8% 1.8 118
S%CP 4802 90 1.8 5.9
1%CP 6620 - 88 4.7 , 2.1

[00146] Example 34. Comparisoh of the disclosed method with the addition of activated

| carbon particles: The method was applied to lgG-containing cell culture harvest containing
282,773 ppm host protéins and 33.4% aggregates. The harvest was treated with 0. 4% acrylic acid
and 1% allantom plus 0,1;2, or 4% activated carbon 4-12 mesh Darco) Activated carbon

- addition decreased host protein, but d13pr0port10nately- decreased antibody recovery. Activated

* carbon also éa,tastrophically and without warning eliminated all protein frc;m the sample,

including 1gG, at 4%. Results are presented in the following table.

AC% - Hostproteins (ppm) IgG recovery (%)
CCH 283k 100 |
0%AC 10k e

1% AC 7259 . 86

2%AC 6408 . 80

4% AC o 'nonc detected ‘— _ none detected

[00147]  Example 35. The inﬂuenée of parricies’ fanctionalized with different positively"
charged species. The effects of commerclal TREN at 1, 2,3, 4, and 5% (viv) were compa:red

with Dowex AG1X2 at the same levels. The expemment was performed with IgG containing .
harvest that also contalned 188 503 ppm host protems and 26.4% aggregates. In brief, Dowex- |
supported shghtly better recovery and aggregate removal ‘but host proteins and free light cham

were removed more effectively by TREN Results are presented in the following table.

'TREN/DOW Host protems (pprn) IgG recovery (%) Agpregate (%) . FLC (%)
CCH 186k S0 - 2640 242
TREN - - '
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1% 7216 91 7.9 .09

2% 4147 -89 : 2.7 0z
3% 3342 R R 22 . 0.5
4% 2966 | 94 13 0T
s 2215 o1 16 06
Dowex - | .

1% 4Tk 98 13 . 146
2% 47k 99 08 - 14.7
3% - A% . 97 . 08 15.7
4% 4%k 99 08 14.1

5% 4% % s . 124

[00148] Exampie 36. The influence of particles ﬁmctlonahzed w1th dlfferent surface: .
chem1smes The effects of )a dlC&I‘bOXY—C&thIl echanger (Chelex-i 00 Bio-Rad), 2) a sulfo
cation exchanger (MacroPrep High S, Blo-Rad), a neganvely charged alkyl hydrophabic solid
phase (MacroPrep tbmtyl,.Bm-Rad)> a posmvely-charged pe_trtxcle-thh a lesser concentration of
‘ negatively charged groups on-the methacrylate polymer backbone (MacroPrep HighQ), and
. combinations of Ti%EN (BioWorks TREN hi gh) with Do'wei AG1x2, were .evaluated onan IgG-
containing cell culture harvest also contammg 241,241 ppm host protems and 23.3% aggregates. l
 Allantoin was added toa conoentratxon of 1%, then caprylic acid at 0 4%. pH was titrated to 5.2
and the sample mixed for 2 hours until addition of the particles for an addltlonal 4 hours. Data

are presented in the table below Pspecles refers-to the various sohd phase chemistrics.

Pspecies Host protems (ppm) IgG recovery (%) Aggregatc (%) - FLC (%)
" CCH - 241k 100 - 233 S 209
Chelex . o o IR o
1% "33k 92 - _- 33 : © 103
% - 2% . T? | 40 93
% - 6% e . 16 12.9
HighS | .
w . o9& - - 81 L A oL 144

2 90k o4 . 48152
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&% 86k 60 | DY RN T N
foutyl . , | I |

1% 86K g7 | s 121
2% . 25k - 8% o .19 14.4 .
4% 0 2% 8 . -7 25 . . 151
HighQ | |

% . 2k 93 22 9.2
2% w9 : 21 9.8
4% . 23k . o 31 107

IXT/%D 9731 91 16 72

1%T2%D 18k %0 20 15
2WTA%D - 17k - - 93 . 28 Y
%D 1k .9 16 6.8

[00149) Exafnplé 37. The influence of solid and dissolved calcium compounds on the

disclosed mctho&. An Igé-contaiﬁing cell cﬁlmre:har\;est also containing 652,450 ppm and
34.1% aggregates was treated with 1% allantoin, 0.4% caprylic acid, varjous concentration of
calcium chloride or hydroxyapatite, titrated to pH 5.2 and mixed -for. Mo hours. Solids were -

_ removed and the samples e.valuated. Caleium concentrations ranging from 05 to 8.0 mM had no

signiﬁc'ént effect on IgG recovery. HCP was in the range of ~70,000-80,000 ppm, light chain

content was barely reduced, and aggregate levels were generally reduced to ~2.5%. .

" Hydroxyapatite at viv qoncenﬁaﬁéns of 0.5 to 4%A 'l;educed IgG recovery from 79% at 0.5% HA
to 38% at 8% HA. Host pr;otein was reduced but thie reductions were less than the loss of IgG.

- Light chain content was not reduced effectively. Aggregates were reduced to the lowest values in
the study, but not sufficiently to compensate for antibody Iosses;. Data are presented in the - ‘
following table. CAsﬁecieé.refers calcium chloride (CC) or I}ydroiyapatite (HA)_-'ré'spect_iVely.’

The line labeled “Base” indicates results obtained Wi‘t’ho‘ut'any calcium qdditives'.

~ CAspecies  Host proteins (ppm) 1gG recovery (%)  Aggregate (%) FLC (%)
CCH 652k 100 341 26.3
Basc - 73k - . 86 ) 24 L om32
cA . o o
0.5 mM 75k BEREE TR 41 213
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1mM 7k 86 26 . 278

S 2mM 7 L 8T 23 - 283
4mM . 8% 83 22 25.5
§ mM 70k 8 . 26 251
_HA 8 |
0.5% 58k : 80 : 1.5 ' 30.6
1% 23k 75 08 238
2% - 9k - 61 . 14 - 246
4% uotdetected S5 . 18 349
8% not detected . 38 - 02 26.8

[00150] Example 38. Purification and IgM monoclonal antibody. Celil-free cell culture

~ harvest was treated ‘b‘y addition of 1% allantoin, 0.4% caprylic acid, produciﬁg an operating'pH

of about 5.6. The mixturé was incubated for 2 hours at room temperature, then TREN particles

.(Blo-Works TREN high) were added in an amount of 5% viv, and incubated mixing for 4 hours‘

at room temperature, whereupon solids Were rcmoved by centnfugatlon and mlcroﬁltra’tlon

Analytical size exclusion ch;omatography showed that aggregates were reduced from an orlgmal

concéhn_'atio,n of about 23% to less than 0.5%. No host prdtein peaks were observed, indicating a

purity of greater than 98%; not. iﬁcluding low molecular weight cell culture media components.

In a parallel expenment where the treated IgM was passed through the same depth filter as the

- .IgG in Example 14, the IgM was lost, 1ndlcatmg that 1t bound to the mternal su.rfaces of the depth
filter. o o S ' o

"{00 151} | Example 39. Tﬁe effect of ﬂqnionic 'surfactants. _1% allantoin was added to each of 4

50 mlL aliquots of cell culture harvest clariﬂed by centrifugation and microﬁltration One was

‘"retamed as a control ‘Tween-2(Q was added to the other three m*amounts of 0. 005 0.01, and

0. 02% respectwely The sa;mples were incubated for 10 minutes followed by addition of caprylic

acid to 0.4%, and adjustment to pH 53 by addition-of 1 M acetic acid, then incubation for 2. -

hours. ‘Samples were removed and filtered for analysis, TREN parﬁcles were added to the

. remainder of the sampie in an amount ‘of. 5%, mixed for 4 hours, then the solids removed By

: mic;roﬁltration. Up to the‘:point of adding TREN particles, a'g-gregate content was_- 'fédﬁ_ced from |

the control to 0.005% TWGen; then again at 0.01% Tween, but did ﬁot 'im'prow;e further with
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0.02% Tween. Antibody recovery and content of excess free light chain were roughly
: unchanged After TREN particle addmon aggregate level was the same across all samples, and
* light chain content was httle-affected but [gG recovery-increased with Tween content up to
0.01% though not further at 0.02%. -

OM  Host proteins (ppm) IgG reco’very (%) ‘ Aggregate (%) - FLC (%)'

ccH 416k 100 20.3 33.4
. Before TREN .. |
" Tween-20 _ _ ) e
0000% 137k el . 208 . 267
0.005% - 132k 89 | 168 252
0.01% 160k 90 - 59 25.7
0.02% 15tk - 89 - .15 266
- Afier TREN . S
Tween-20 ‘
0.000% 6109 78 17 0.4
0005% 5627 s 17 . ol
001% = 6247 88 17 . 04

S 0.02% 0 8039 87 1.8 2.1

[00152] Example 40. The effects of norﬁonic, zwitterionic, énd cationic surfacfants. 1%
allantoin was added to each of 50 mL aliquots of ‘el culture harvest clarified by centrifugation
and micro filtration. One was retained as 2 control. The following surfactants were ‘added to each

-of two aliquots at 0.01% and 0.05% respectively: Glychohc acid ethoxylate 4—nony1phcn1 ether

7_ (Glych nonionic), Ethylenedlamme propoxylate—block—ethoxylate tetrol (TET, nonionic), Brij -

58 (Pluronic E-127, nonionic), Trlton X-100: {(nonionic), Nonidet P40 (nonionic), 3- [(3-

cholamldopropyl)dlmethylammomo] l-propanesulfonate hydrate (CHAPS, zw1ttenomc),

"Hexadecyltnmethylammomum bromid (CTAB, cationic), Dodecyltnmethylammomum bromlde Co

(DDTAB cationic), decylmmethylammomum bromide (DTAB) cationic),
. mynstylmmethylammomum bromide (MTAB cat:omc), octadecylmmethylmnmomum bromlde

(OTAB catlomc) The samples were incubated for 10 minutes followed by addltlon of capryhc
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' acid to 0,4%, and adjustment to pH 5.3 by addition of 1 M acetic acid, then incubation for 2

. hours.

OM Host proteins (ppm) IgG recovery (%)  Aggregate (%) FLC (%)
CCH 394k . 100 . 133 262
CapiAll. 3928 86 T 1.5
Glych.01% 4209 g1 1.4 18
Glych.05% 5655 83 21 s
Fl2701% S5k - 84 5. 18
F127.05% 76k - . - - 85 1.8 0.5
TET.O01% . 5204 87 | 17 6.6
TET.05% - 3138 s . 13 200
Bijoi% 1k . - 8T . 35 65
Brij05% 26k SR S 1 16
Triton.01% 7241 %0, 1.9'_ 1.6
Triton0S% 16k - 92 39 115
T Ndet.01% 7519 | o, 16 12
Ndetos%  i6k 92 38 . 105
CHAPS.01% 6384 o8 12 1.9
CHAPS.05% 8700 . 89 18 . .33
CTABOI% 2278 . 8 .- Ll 13
CTABOS% 23k 86 I U B ¥
DDTAB.0L% 5274 R I 12 20
DDTABOS% 76k 91" - 18 44
 DIABOI%- 7281 88 .o LS 237
DTABOSY% .42k -~ el 18 136
MTAB.O1% 9405 89 SN S X
MTAB.05% 98k 9 1.7 169
| OTABOI% 6155 S RS R R X

©UOTABOS% S . 89 14 7T 154
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[00153] Examp’lé 41. IThé effects of different fatty z;tcids. 1% allantoin was added to cachof
50 mL aliquots of Gell culture harvest clarified by centrifugation and microfiliration. One wa_‘s'
.retaiﬁed as a control. Caprylic acid to 0.4% was 'added‘-as another control, and pH adjusted to 5.3

. by addition of 1 M acetic acid, then incubated mixing for 2 houfs. 5 Aliquots of harvest were
treated with 0.1%, 0.2%, 0.3%, 0.4%, and 0.5% 2-ethylhexanoic acid (EHA). These experiments
were repeated with 3-hapt¢ﬁ0ic acid,_(3HA), then vﬁth 3-octenroic, acid (30A), and 8-nonenoic ;
acid (8NA). S | |

Samp. Host proteins (ppm)' . IgG recovery (%) Aggregat‘e_:(%)_ ' . FLC (%)
CCH 400k T 138 - 314
. Capry.4% 14k 9 | 14 5.5
EHA.1% 226k - 89 | 20 208
EHA.2% . 180k 2 20 . 207
“BHA3% . 154k .~ 98 | 17 . 204
EHA4% 214k S8 17 208
EHAS5% 188k . 87 | 17 202
SHAI% 123k 79 19 221
3HA2% . 130k o1 7 21.3
3HA3% 135k 79 RV S
SHA4% 113k - 76 s 202
C3HAS% 116k R 16 202
10A1% 123k S I ¥ 319
30A2% 108 . - 78 16 216
30A3% 0%k .7 16 19.7
 30A4% 84k . - 4. - - 13 . -133.
30A5% 23k 69 13T er
SNA.1% 160k 70 20 "26.9
§NA2% 160k 8 — . 257
O OSNA3% . 123 8 17 193
. 8NA4% . 9735, R "ss 15 © 49 ,

8NAS% 1600 - 83 0 . 14 26
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{00154} Example 42, CompanSOn of octanoic. ac1d and S—heptenmc acid, with and without .
functionalized pamcles 1% allantoin was added to cach of 50 mL ahquots of cell culture harvest
clarified by centrifugation and mlcroﬁltratmn One was retamed as a control Caprylic acid to

" 0.4% was added as another control, and pH adjusted to 5.3 by addition of 1 M acetie amd The
mixture incubated mlxmg for 2 hours and a sample was removed for testing, then TREN
particles were added in an amount of 5% (v:v), and mcubated mixing for an add1t10nal 4 hours.

. Solids were removed by microfiltration then analysed. This experimental format was repeated

" with 8-heptenoic acid at 0.4%, 0.5%, and 0.6%. .

Samp. Host proteins (ppm) IgG recovery (%) Aggregate (%) FLC (%)

ccH 416k 1000 ‘ 203 . 334
Before TREN . =~ . | -

Capry.4% 137k Coe .. 208 267"
SNAA% 147k 91 186 26.6
BNAS% - 124k - - 90 S 221
§NA6% © Tk 89 | 140 218
After TREN “ o - _ ' ‘ : . |
Capry4% 6108 - 78 17 04
SNA4% 4353 - 91 - 18 . 17
SNAS% 4561 om0 15 nd
SNAG% 625 . - .59 . 09 ad

[00155] As ﬂlustrated by the examples the disclosed methods may be combmed with other

' purification methods to achieve higher Ievels of purification, Examples of such other punﬁcatlon

" methods include but are not limited to other methpds comm_only used for punﬁca‘aon of IgG,

. such as pﬁ)tein A and- other forms of affinity chro‘mat'ography, anion cxchange chromatography,
cation exchangc chromatography, hydrophobw 1nteract10n chromato graphy, and mixed mode
chromato graphy methods; also methods of prec1p1tat10n including antlbody pl‘eclpltatl on w1th

. nonionic polymers such as polyethyiene glycol or ant;.hody precxplta’non with salts such as

ammonium sulfate; sodium sulfate, potassium phosphate, sodium citrate, or potassium citrate;
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also methods of crystalhzatlon and two-phase aqueous extraction. It is wlthm the purwew ofa
person of ordinary skill in the art to-develop appropriate conditions for the various methods and
mtegrate them with the methods disclosed herein to achieve the necessary punﬁcatlon of a
particular antlbody
[00156] All references cited herein are incorporated by reference in their entlrety and for all
purposes to the same extent as if ea_ch individual publication or patent or patent application was
specifically and individually indicated to.be incorporated by reference in its entirety for all
purposes. To the extent pub11cat10ns and patents or patent applications mcorporated by reference
contradict the dlsclosure ‘contained in the specification, the specification is intended to supersede
and/or take precedence over any such contradictory material. ' '
[001871 Al numbe;s expressing quantiﬁes of ingredients, chromatography conditions, and so
forth used in the specification and claims are to be understood as bemg modified in all instances
' by the term "about." Accordmgly, unless 1nd1cated to the contrary, the numerical parameters set
forth in the speclﬁcatlon and attached claims are approx:m ations tha’t may vary depending upon.
the desired performance sought to be obtamed by the present invention.
[0(}158] Many modifications and variations of the invention can be made without departing
from their spirit and. scope, as will be apparent to those skilled in the art. The speciﬁc
embodiments described herein are offered by way of example only and are not meant to be -
limiting in any way. It is mtended that the spec1ﬁcat10n and examples be considered as
exemplary only, with the true scope and spirit of the invention being indicated by the following -

claims. .
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WHAT IS CLAIMED IS:

1. A method of purifying an antibody comprising:

(a) contacting a cell culture harvest or a protein preparation comprising at least one
antibody of the class IgG or IgM with at least one fatty acid to. form a mixture comprising a
precipitate, wherein the at least one fafty acid is selected from enanthic (heptanoic) acid,
caprylic (octanoic) acid, octenoic acid, pelargonic (nonanoic) acid, nonenoic acid, and capric
(decanoic) acid and the at least one faity acid is present at a concentration in a range of 0.05
to 5%;

(b) contacting the mixture with one or more functionalized solid subsirates
comprising a cationic metal binding functional group; wherein the metal binding functional
group comprises a polyamine; and

(c) separating solid ‘materials after contacting the mixture with the one or more
functionalized substrates, and removing solid materials from the mixture to provide a solution

comprising the antibody.

2. The method of claim 1, further com'prising, prior to (c), contacting the cell culture
harvest with allantoin at a concentration in a 1ange selected from the group consisting of (a)
from 0.6 to 30%, (b) from 1 to 10%, and (¢} from 1 to 2%.

3. The method of claim 2, wherein allantoin is present at a concentration in a range from
1to 10%.
4, The method of claim 1, wherein a total amount of the one or more functionalized

substrates is 0.01%, 0.05%, 0.1 %, 0.25%, 0.5%, 1 %, 2%, 5%, 10%, 20% (volivol), or

intermediate values in between, of a total volurne of the mixture,
5. The method of claim 1, wherein the one or more functionalized subsirates are

disposed in a device that permits the passage of fluid while preventing the passage of solid

materials therethrough.
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6. The method of claim 5, wherein the device comprises-a porous material selected from
the group consisting of a membrane, a. monolith, a woven material, a crystalline material, a

gelatinous material, a column of packed particles, and combinations thereof.

7. The method claim 1, wherein step (b) is carried out with the one or more

functionalized substrates disposed in a device.

8. The method of claim 1, wherein solid materials are removed by sedimentation or

sedimentation following centrifugation.
9. The method of claim 1, wherein solid materials are removed by filtration.

10.  The method of claim 9, wherein filtration comprises membrane filtration or depth
filtration,

11.  The method of claim 10, wherein the membrane filtration or depth filtration

comprises a contact surface that is functionalized.

12, The method of any one of claims 1to 11, wherein the at least one fatty acid comprises

caprylic (octanoic) acid.

13. The method of any one of claims 1 to 12, wherein the at least one fatty acid is

nonaneic acid.

14.  The method of any one of claims 1 to 13, wherein the at least one fatty acid is present
at a concentration in a range selected from the group consisting of: (a) from 0.1 to 1.0%, (b)
from 0.2 to 0.4%, and (c) from 0.1 to 0.2%.

15.  The method of any one of claims 1 to 14, wherein the mixture comprises a surfactant,

and the surfactant is a nonionic, zwitterionic -or a ¢ationic surfactant.
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16.  The method of claim 15, wherein the cationic surfactant is cetyltrimethylammonium

bromide.

17.  The method of claim 16, wherein cetyltrimethylammonium bromide is present at a
concentration ranging from 0.001% to 0.05%, or from 0.005% to 0.025%, or frem 0.0075%
to 0.01 %.

18.  The method of any one of claims 1 to 17, wherein the metal binding functional group
comprises one selected from the group consisting of tris(Z-aminoethyDamine,
diethylenetriamine,  triethylenetriamine,  tetracthylenepentamine,  polypropylenimine

tetramine, poly(amidoamine) (PAMAM) dendrimer, and deferoxamine (desferioxamine).

19. The method of any one of claims 1 to 18, wherein the metal binding functional group
is a compound of formula I

Rz
.\“x

l.

[
. .\('/

NRa

‘ 'NRQ-
\"Z’f .

I
wherein each incidence of R is independently hydrogen or C;-Cs alkyl, with the
proviso that at least one R is the site of attachment to a solid support, optionally via a linker;
ahd
each of X, Y, and Z are independently (CHz)n, where n is an integer from 2 to 6,
wherein a CH, group is optionally replaced by O, or NH.

20. A method for purifying an antibody comiprising: (2) contacting a cell culture harvest
or protein preparation comprising an antibody of the class IgG or IgM with at least one fatty
acid to form a mixture comprising & precipitate, wherein the at least one fatty acid is selected
from enanthic. (heptanoic) acid, caprylic (octanoic) acid, ectenocic acid, pelargonic (nonanoic)
acid, nonenoic acid, and capric {decanoic) acid and the at least one fatty acid is present at a

concentration in a range of 0.1% to 2%; (b) contacting the mixture with allantoisi; and (c)
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separating solid materials after contacting the mixture with the at least one fatty acid and

allantoin to provide-a solution comprising the antibody.

21.  The method of claim 20, comprising contacting the sclution with at least one

chemically functionalized solid.

22.  The method of claim 20, wherein the at least one chemically functionalized solid

comprises tris(2-aminoethyl)amine.

23.  The method of any one of claim 20 to 22, wherein allantoin is present at a
concentration in a range selected from the group consisting of: (a) from 0.6 to 30%, (b) from
1 to 10%, (c) from 1 to 5%, and (d) from 1 to 2%.

24.  The method of any one of claims 20 to 23, wherein allantoin is in a range from a non-

Zero amount up to 0.6%.

25. A method of purifying an antibody comprising:

(a) contacting a cell culture harvest or a protein preparation comprising at least one
antibody of the class IgG or IgM with at least one fatty acid having 7 to 10 carbon atoms to
form a mixture comprising a precipitate, wherein the at least one fatty acid is selected from
enanthic (heptanoic) acid, octenoic acid, pelargonic (nonanoic) acid, nohenoic acid, and
capric (decanoic) acid and the at least one fatty acid is present at a concentration in a range of
0.05 to 5%;

(b) contacting the mixture with allantoin at a concentration in a range from 0.6%to
30%; and

(c) removing solid materials from the mixture to provide a solution comprising the
antibody.

60



