WO 2014/133741 PCT/US2014/015662

SELECTIVE REMOVAL OF A PROTEIN FROM A MIXTURE QF
PROTEINS USING ACTIVATED CARBON BY ABJUSTING SQLUTION
CONDITIONS

Cross-Reference to Related Applivations

FR001T This application claims the benefit of prionty of LS, Frovisional Patent
Application No, 81/7789,.269, filed on February 26, 2013, the entive content of which is
wncorporated by reference herein in iy entivety.

Field of the Invention

H002] The prosent invention relates 1o the use of sotivaded carbon to separate 8
protein from undesirable proteins or proteinaceous impurities by adjusting solution
coaudittons,

Background

{0003} Activated carbon has previously been nsed tn aly filters {soe, e g, ULS. Patent
Mo, 6,413,303), gas purification {seg, e g, LR, Patend No, 7918 33”‘“{& decaffeination
{see, e.g., US. Patent Mo, 4481 223), gold purification {see, e g, 118, Patent No.
308,162, fuel purifivation (see, e.g., U5, Publication No, 2006/0223703 Al
hemoperfusion {see, e.g., U8, Paiert No. 4 048,064, freatmient of poisonings and
overdoses {sew, ¢ g, LK, Patent No. 4453 329 sewage reatment {zee, e g, U8
Patent Mo, ULS 8 339.035), spil cleanugs (see, ez, LLS. Patent N, 4,770,718,
groumdwater remediation {see, e g, ULS. Patent No. 6,116816), capture of volatile
organic compounds from antomaobile fuel systeras (see, e.g, US. Patent No.
7,044,112}, chentical purification {sve, ez, UK, Patont No, 4,906,445}, distilied
alvoholiv beverage purification (see, ez, ULS, Publication Neo. UK 2007/024873¢
A1) devodorization of sugar {see, e.g., ULS, Patent No, 2,082.4335), respirators {see,
e VLS, Pateny N 8,714,128), gas mashs (see, e p, US. Patent No, 4,992 084} |
profective chemical warfare suix (see, e g, 118, Patont No. 7,877,819, and water

&

purification processes {see, e g., U5, Patent No, 7537 805},

fO0G04] In addition, activated carbon has been psed to remove small molecude
imprarities, such as fatty actds and bilirubin, from serum albumin {see, e g, Chen ¢
af., 3 Biol, Chem., 2420 173181 {1967 Nakano ef of., Anal Biochem., 129; 64.71
{1%R3Yy, Nikolsev et ol Int I Art, Orge, TI79-185 (19911 Activated carbon has
also been used to ramove pignieogs as well as host matelns, proteases, amd

ribonucieases during the purification of plant viruses {see, g, Prive, Am. 1 Botany,
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304554 {1946y Carbett, Virology, 1815 (1861): MeLeans er ol Virology, 31

e e

383391 {1967, ULS, Publication No, US 20064028
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{0005] Additionally, activated carbon has previcusly been deseribed as being useful
for removal of lower molecular weight plasmid fragments from plasmid DNAL See,
Kim er ol , 1. Biosel. Bioeng. 110808613 (2010},

Supunary pf the Invention

,

{00061 The prosent trvention s based, gt least in part, on the surprising and
unexpected diseovery that activated carbon can be used for selective removal of a
protein from a mixture containing at least two proteins psing solution conditions close
{0 the isoelectric point of the protein to be selectively removed,
[OGU7] In some embodiments, 8 method for selectively removing s profein from g
sample comprising at least twa proteins s provided, where the method eomprises the
steps oft {g) providing a sample comprising at least two prodeins: (b adiusting the
sofution pH of the sample, such that the pH is within 2.0 pH anils of the isoelectric
point of the protein to be seleetively removed; {0) contacting the sample with
getivated carbon, where the activated carbon binds the profein o be selectively
removed: and {d) removing the activated carbon from the sample, thereby resalting in
selentive removal of the activated carbon bound protin from the sample.
{000R] 1o some pubodiments, the solution pH ased in 8 method for selectively
removing a protein from a sample, as described heredn, @ within L0 pH onit of the
iscelectric point of the protein 1o be selectively remwrved.
{00097 In some embodiments, 8 method of tnereasing the purity of a targel protein of
interest in 8 sample comprising the target protein and af least one undesirable protein
is provided, where the method comprises the steps oft () providing a sample
comprising the target profein and at keast one undesirable protein; (b} adjusting the
solation pH of the sample, such that the pH 1s within 2.0 pH wnits of the isoelestnie
point of the at feast oue undesirable proteiw {0} contacting the sample with activated
garbon, where the activated varbon bnds at least one undesirable protedn; and (d)
Femoving the activated carbon bound © the 8t least one undesiralle protein from the
sample, thereby increasing the purity of the target protein in the sanple.
(OG0T In some embodiments, the sohution pH used o a method for invreasing the
purity of g target pro®in in @ sample comtaining the target protein and at least one
undesirable protein, ax described hevein, is within 1.0 pH unit of the isoelectric profein

of the undesirable protein
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D011} In sorne sinbodiments, at least one undesiiable protein is a proteinaceous
HRpRILY,
{012] In some eovbodiments, the target protadn is an immuonoglobulin protein such
as, an antibody, In some embodiments, the antihady is a monoetons! antibody, In
ather embodinents, #13 & polyvelonal antibody.
{0013 In some pmbodimernts, the targe! protein 18 & non-immunogiobulin protein,
{0014} In some smbodiments, the sample containing gt least two proteins is an
sguecus solotion dertved from a cell culivre.
FO015] In some coybodiments, the ool culture 15 8 Chinese Hamster Ovary {THO) cell
culture,
{0016} Other examples of cell oulture samples wclude, bot are not Iimited to Hels
cetls, KTH 373 cells, BHK cells, VERO colls, OV-1 pells, NSO cells, COS cells,
haby havoster kidney cedls, murine mvelomas, hybridoma cells, bacterial cells, veast
ceils, insevt vells, amphibian cells, human cells, mouse cells, rat cells, dog cells,
maonkey cells, goat cells, pig cells, vow cells, horse cells, dog cells, cat cells, rabbit
cells, bird cells, monkey cells, hamster cells, non-humnan manemalian cells,
F0017] In some embodiments, the protein-contalning sample can be the whole cell
cnlture fopd. In other eonbodiments, the cell culture is Hrst elarified andior purified
prior 1o cortacting with activated carbon, Clhetfication methods include, but arg not
limited to, centrifugation, seitling, depth or sereen filisation, complexing with
floceuiams, and pH change.
{BO18] In some other embodimenis, the xample can be destved from human, snimal,
or plant tssue or antmal fuids, for example, human blood or HMoed plasma, nman
tissne, aninad blood, goat milk, bovine milk, mammadian milk, animad organs, smmal
tisane, fransgenic animaly, transgenie plants, and chicken egps.
[O01R] In vet other embodiments, the protein sample s prodoced by 8 chemicsl
synthesis from samine acids or smaller pephides.
FO0207 In some embodiments, the sample is subverted to one or more purtiication
steps or metheds prior o subjecting the sample {o the methods deseribed herein, Soch
prrification steps or methods inchade but are not limited to, colump andfor membrane
chromatography operated in oither hind and elute or How-thwough maode

crystallization; two- and three-phase partitioning and Ritration,

2k
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Briel Description of the Drawings

(0021} Figure 1 1s a graph depicting the resulis of a reprosentative experiment {o

.

demonstrate the selective removal nsing activated carbon of eyvtochrome C froma
mixture of eyvtochrome C and s-lactatbumin (11 ratio by wmgm} . when the solutinn

pH s close 1o the isceleptric poit of eytochrome U and, conversely, the selective
removal of g-lactatbumin from the mixtore when the solotion pH s close to the
isoelectric point of a-dactatbumin. The X-axiy depicty the solution pH and the Y-axis
depicts the pereentage of the protein in the protein mixtore after eatment with
activated carbon,

(00221 Figure 2 is a graph depicting the results of a representative experiment o

1%

demenstrate the log reduction value (LRY) of evtochrome € removed from a mixture
Ab I

ontaining cytochrome € and a targe! protein (Le,, 8 monockonal antibody {
using activated carbon at pH 4.0, S0, 6.0. 7.0, 8.0 and 9.0 under static conditions.

The mbxture contaived 3.0 mgiml of MAb 1§ and 1 mg/ml of cytochrome ¢ (300,000
ppmd As depicted in Figare 3, the optimal removal of evtockrome € nsing setivated
carbon is observed when the solution pH is closest 1o the isoslectric point of
eviochroame C at pH 10,0105, The X-axis depigts the solution pH and the Y-axis
depicts the LRV of ¢ytochrome €.
{00231 Figure 3 is a graph depicting the results of a represemiative experiment to
demonsteate the log reduction value (LRVY of w-lactalbumin removed Hrom g mixtore
gontaining o-lactaltnanin and 2 target protein (Lo, & monoclonal antibody (MAb Ih
using activated carbon af pH 4.0, 5.0, 6.8, 7.0, 8.0 and 9.0 under static conditions.
The mixture contained 5.0 mgdmi of MAB T and 1 mg/mL of ne-lactalbumin (200,000
ppm}) As depicted in Figure 3, the optumal removal of w-lavialbumin using sctivated

arbon s observed when the solation pH s closest (o the seeleotric poist of o~
fgctalbomin at 4.8, The Xeas depicts the solution pH and the Yeaxis depioty the

LRV of g-lacialburmin,

demounsirate the i;}g redonotion valpe (LRV of Tysozyme removed from a mixiore

comtaining lvsoryme and 8 target protein (e, & monoclonal antibady (MAR 1)) using

activated Sarbon gt pH 4.0, 5.0, 6.0, 7.0, £.0 and 9.0 under static conditions, The
sotation contained 5.0 my/mL MAL L and 1.0 mg/mi of brsozyme (200,000 ppin). As

depicted in Figurs 4, the grostest amount of Iysoxyme s removed at pH 9.0 where the



WO 2014/133741 PCT/US2014/015662

solution pH s closest 1o the lysozyme’s isoelectriv point of 112113, The Xoaxis
depicts the solution pH and the Yewus depicts the LRV of bysozeme,

[O025] Figure 3 is & graph depicting the results of a representative sxperiment to
demonsirate the log reduction valpe (LRV} of BRA romoved from 8 mixture
containing BRA and a target protein (e, & monoclonal antibody (MADL 1)) using
activated carbon at pHl 4.0, 3.0, 8.0, 7.0, 8.0 and 9.0 under static conditions. The
solution contained 5.0 mg/mL MAb Land 0.5 mg/mb of BSA (100,000 ppm}. As
depioted in Figure §, the greatest amvount of BSA s removed at pH 5.0 where the
solution p is closest 1 the BRA s isoedectric point of 4.9, The Xe-axiy depicts the
sifution pH and the Y-axis depicts the LRV of BSAL

{0026] Figure 6 v a graph depicting the resulis of a representative experiment o
demonstrate that an undesirgble protein s not efficiently removed when it is Howed
through activated carbon gt a solution pH that is far remsoved from the isoelectric
point of the undesirable profein. The graph shows the concentration of cytewhrome O
ard o-lactalbumin in 125 mb fractions that were collected after a soluttom of 5.0
mgimb of e-lactathamin and 0.8 mgdml of eviochvome € at pH 4.0 was passed
through a column of activated carbon. Both the lower concemration eytochrome €
ancd the higher conventration o-lactathumin were eluied off the columm at about the
same ratin that they entered the columm, As shown In Figure 6, at pH 4.0, wiich 13 far
removed from ovtochrome O3 isoelectric point of pH 1001803, the sctivated carbon
does not provide efftcient removal of the cytochrome € from the solution of
gytochrome € and e-lactatbumin, The X-axis depicts the loading of o-lactatbumin
kefL: the leR Yeaxis depicts the concentration of eytochrome C i g/l and the nigln
Y-gxis depicts the concentration of e-lactalbumin i g/L.

{0271 Figure 7 is a graph depicting the results of a representative experiment io

demonstrae that an yndesirable protein is very efficlently removed when it is flowed

through sctivated carhon at g sohation pH that is close o ispelectric poing of the

undesirable g};‘{}t&in The graph shows the concentration of eytechreme U and a-
tatbumin in 12,3 ml fractions that were collected gfter g solution of SO mgfmd of

a-lgctaibomin and 4.3 mg/ml of eviochrome C at pH 9.0 was possed through g

golunm of activated carbon, Ovtochronne U did not bregk through the column st

had been loaded with LO% kg of e-lacialbumin per Rier of activated carbon. Az
demonstrated in Figure 7, activated carbon provided excetlent remwoval of the

oytochrome £ frons the solution of iwe-laciatbumin gt pH 8.0, which s close o

L5
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cytochrome (s fsoelectric point of pH 10.0-10.3, The Xoaxis depicts the loading of
g-lactatbumin in kg'l; the left Y-axis depiets the concemtration of evtochrome € iny

/1 and the right Yearis depicts the concentration of g~-lactalbamin in g/l

Petatled DBescription

{O028] The present invention provides novel and improved processes for selective
removal of  protein from & mixiure of af least two profeins wing activated carbon
under solution conditions cloese to the isoeleciric pomt of the protein o be selectively
rernoved,

{04297 Activated carbor has previously been used in water purification processes, In
adelition, setivated carbon has been used to renwve small molerule impurities, such as
fatty acids and bilirubin, from serum albumin {see, e, Chenet o/, J. Biol Chem,,
2420 73181 (19671 Nabaoo of o, Anal Biochem,, 1283 6471 (1883 Nikolapv &
al., ot 3 Ast Orvg., AT 185 (1991, Activated carbon has alse besn used 1o

N

remove pigments as well as host proteins, proteases, and ribonucieases during the

purification of plant vivases {see, e.g., Price, Am. L Botany, 33 4554 {1848
Corbett, Virology, ER8-13 (1901 Meloana et o, Vivology, 310 385-591 {1967y,

{00307 Forther, ULS. Potent Application No. 13/383,463, filing date Augast 2, 2012,
meorporated by reforence berein in its ativety. describes the
i combingtion with gther media for removal of proteinaceous impurities {2.g., host
cell proteing) snd DNA from a sample containing a biomoleculs of interest {e.g., an
amtibody )

{0031 sccordingly, in general, sotivated carbon hag been reporied to norspecifically
bind to molecules in solotion {e.g., inpurities 19 a water sampled.

{00321 The present invertion ix based, at loast in part, on the unexpected and
surprising finding that activated carbon can be nsed for selective removal of a protein
from & mixiure conaining two or more proteins by adjusting solation conditions, such
that the p of the solution is close o the iscelectric potut of the protein to be
selectively removed.

U331 Ax demonsirated in the Examples hereln, sotivated carhon can be used for
sefective romoval of g protein from a mixture of ben or more profeins. Fucther, as
demonsirated in the Examples set forth herein, the degree of removal of the protein
can be manipulated by changing pH congditions.  Purther, setivated carbon can be
usedd, as described hereln, to norease the purity of a target protein in a solution

containing the lavgst protein and one or meore undesirable proteing, where the one or
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more undesizable proteins are selectively romoved using activated carbon and the
target protein s left behind, thereby increasing the degree of purity of the target
prodein in the sample,

{0034} In some embodiments describoid herein, activated carbon is used in g ow-
through purification mode to selectively remove a protein from a mixture of proteins,
{0033} In order that the present disclusure may be more readily undersiond, certain
terms ave frst defined. Additional definitions are set forth thronghout the detailed

description.

i Definitions

{D036] The term “carbonaceons material,” as wsed horein, refors to any substance
composed of carbon or containing cavbon. In somwe embodiments, carbonisceous
wraterigl ased in the methods according 1o the claimed invention is active or activated
carbon. In some embodinments, sctivated carbon comprises activated charcoal. In
some embodumnents, activated carbeon IS incorporated fnto s fibrous media, Fibrous
mediz can be manufactarad by a number of methods known in the art, inclading wet-
laving and dry-laying. Fibrous media typically comprises activated carbon, a fiber
component, and optionally 2 binder. Fiber component of the fibrous wedia can be
made from a synthetic materiall such as polyamide, polyolefin, polyvacryionitile,

polvester; 8 natoral material, such as cellulose or 1 somi-synthetic material, such as a

celludose ester.
{OUETT The term “getive earbor” or “activated carbon,” as used interchangeably

herein, refers to a carhonaceons material which has been subjected o a process o
erhance Hs pore structure. Activated carbons ars poroas solids with very high swrface
areas. They con be derived frony s varety of sources including coal, wond, coconut
husk, nutshells, and peat. Activated carbon can be produced from these materials
using physical sctivation involving hegling nnder & controlied stmosphers or chennical
activation using strong acids, bases, or oxidats. The sctivation processes produce g
porons strueture with hgh swrface arcas that give activated carbon high capacities for
impurity removal, Activation processes can be modified © control the acidity of the
vpical activation processes involve subjocting a carbon source, such as, resin

wastes, coal, coal coke, petroleum coke, Hgnites, polymerie materiy \ and

ey
S x
oy

enoceulosic matenals including pulp and paper, residues from pulp production,

wood (Hke wood chups, sewdust, snd wood Hourd, nut shell (ke almond shell and

-}
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coconut shiell}, kemel, and fruit pits {1ike olive and cherry stones) to a thermal process
{e g, with an oxidizing gas) or 8 chemical process {e.g, with phosphoric seid or metal

aalts, such ax zine chloride). An exemplary process i‘i}&fuiving chentcal activation of

wood-hased carbon with phosphoric acid (HyPOL) is disclosed in UL, Patent No. Re,
31,093, which resulted i an improvement in the carbon’s decolorizing and gas

adsorbing abilities. Also, US, Patent No. 5,182,286 1eaches phosphoric acid
setivation of woeod-based material which s particularly dense and which contains g
relatively high {3096} Hanin content, such ax nud shedl, frolt stone, and karnel,

is also disoussed in US. Patent

[eery

Fheapheorie acid activation of Hgaocellnlose materia
Mo, 5204310, as g step in prepaving carbons of high activity and high density. The
feachings of each of the pateniy histed i thix paragraph are incorporated by reference
hereiit in thelr entirety,

{00397 In contrast to maost other adsorbing materials, activated carbon is belipved to
interact with molecnies using refativedy weak Van der Waals or London dispersion
forees. Typical commercial activated earbon products oxhibit a surface ares of at
feast 300 m¥/g, as measured by the nitrogen adsorption based Brunaver-Emmett-
Teller ("BET™) method, which is method wall known in the an.

{00407 Although, active or getivated carbon has been previeusly exaployed in
processes for puritving Bouoids and guses as well a3 for pueifving a recombinanty
exxpressed antihody from other impurities by bimding to impurities, it has net been
previeusly emploved for selectively removing a profein from & muixture of two or
more proteins by emploving solotion conditions based on the properties of the protein
to be selectively ramoved, Consegquenthy, by selectively romaoving g proten from &
nuxture of bwvo or more proteing, the purlly of the proteins that are not removed is
rereased.

{0041} In some ombodinments, the mixture of two or more proteins ncludes at foast
one proteiy which is 0 be selectively removed and another protein which is o be
purified using the methods desortbed heroin, In goneral, the purity of the profein
which remains after the selective remevel of one o more other proteins o the mbxture
tnoreases, following the sslective removal of other proteins, The protein whesse purity
is increased is roferred 10 as the arget p The larget protein may be an
mmnoglobalin or a non-immoenoglobulin protein, In some embodiments, the targst

protein is an imoumoglobalin proteln, 2@, 8 monoclonal antibody.

pors
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{0042} The following are examples of proteins that can be purified sccording to the
present invention. As discusaed above, in some smbodiments, the target protein is a
monecional antibody, Other examples of target proteins include recombinant proteins
which inclnde, but are pot Hadted to, recombinant hunan growth hormone,
recombinant human insulin, recombinant follicle-stinnilating hormone, recombinant
factor VI (anti-hemophilic factar}, revombinant human ervthropodetin, recombinant
granuloevie colony-stimulating factor, recombinant alpha-galaciosidase a,
recombinant iduronidase, recontbinant galsulfase, recombinant domase alfy,
recombinant issue plasminogen activatar, rovomhinant human mierferons,
recombiont insudin-like growth factor 1, and recombinant asparaginase.

100431 In other embodinents of this invention, target proteins are proteins derbved
from homan booed or other phvsindogieal fluids. Examples of such proteins tnclude,
bt not Houted o, inmunoglobuding O and M, Factor VHI, Factor IX| antithrombin
i, and alpha-Lantiwypsin,

{0044} The orm “mmunoglobudin” g™ or “IglG™ or “antthody™ {used
interchangeabdy herein) refers {o o protein having & basic Rur-polypeptide chain
structure consisting of two heavy and two light chatns, said chains being stabilized,
for example, by wterchain disulhide bonds, which has the ability 1o specilically bind
antigen. The term “single-chadn immmunoglobulin® or “single-chain antibody™ {used
interchangeably herein} refers © a protein having g twoe-polypeptide chain structure
consisting of a heavy and g Hght chain, said chains being stabilized, for example, by
interchain peptide Hnkers, which has the ability to specifically bind antigen. The term
“domain” refors o a globular region of 8 heavy or light cham polypeptide conprising
peptide loops (e, comprising 3 to 4 peptide loops) stabilized, for oxample, by i~

pleated sheet anddor intrachain disuifide bond. Domains are further referred 10 herein

& “constant” or “variable”™, based on the relative lock of sequence varistion within the
domains of varions olass members in the case of & “constant™ domain, or the

stgnificant variation within the demains of vartous class members i the cass of a
Svarfahie” domain, Antibady or pelvpeptide “domaing” wre often reforred 1o
interchangeahly in the art as sutibody or polypeptide “regions”. The “constant™
dormains of antibody Hght chains are reforred 1o interchangeably as “light chain
constant regions”, “Haht chain constant domatns™, "CL™ reglons or "CL” domains.

The “constant™ domains of antibody beavy chains are referred fo interchangeably as



WO 2014/133741 PCT/US2014/015662

“heavy chain constant regions™, “heavy chain constant domains™, “CH” regions or
“CH™ domains. The “vartahle™ domains of antibody light chaing are reforred Yo
interchangeably gs “light chain variable regions”™, “light chain variable domaing™,

YL regions or VL domains. The Yvarlable” domains of antibody heavy chains

are referred o interchangeably as “heavy chain variable regions™, “heavy chain
variable domaing”, “VH” regions or "VH” domains.

{00457 Imvnunogiohuline or antibodios may be monoelonal or polyclonal and nway
gxist in monomeric or pebaneric form, for example, M antibodies which exist in
pertameric form andfor IgA antibodies whiel exist in monomerie, dimeric or
ultimenis form, Inmunogiobuling oy wtibodies may also mclude multispecific
sutibodies {e g, bispeeiiic antibodies},

[0046] The term “Fe region” and “Fe region containing protein™ means that the
protein comtains heavy and/or gl chain constant regions or domains (CH and CL
regions as defined proviousty) of an immunoglobulin, Proteins conjaining an “Fo
region’ can possess the effector Rmetions of an immunoglobulin constant domain.
An UFo region” such as CHy/CHy regions, van bind selectively o aflinity ligands such
as Protetn & or fanetional vanants thereof. In some embodiments, an Fe region
containing protein specifically binds Protein A or 8 functional derivative, variant or
fragment thereof. In other ombodiments, an Fo reglon confalning protein speeitically
binds Protein & or Protein L, or functionad derivatives, variants or fragments thereof,
{00471 As discussed above, iy sonw embodiments, g farget protein is an Fe regior
comaining protein, 2.2, an immpnoglobulin, In some embodiments, an Fo region
containing protein is & recombinant pratein which includes the Fe regton of an
wnmuroglobulin fused to soother polypeptide or & fragment thereof

[O048] Generally, an mmunoglotdin or antibody 13 directed against an “antigen” of

N

fnterest. Preferabdy, the antigen i 3 binlogicslly unportant polypeptide and

aderinistration of the antibady (© 8 eammsl suffenag from a disease or disorder can
NRT § E 18 }\x % i% »} 2§ }
psult i g thempentic benefit in thal mamma
{00491 The term “monocional antibedy™ or *Mab,” us used interchangeably hereln,
ofers 10 an antihody abtained from g population of substantially homogeneous
antibodies, fe., the individual antibodies in the population are identical except fiw
poasible naturally cocwering mutations that may de present i minor amounis.

Monoclonal sutibodies are highly specific, being directed against a single antigenie

site, Furthermore, o contrast o conventional {pelvelonal} antibody preparations

e
gt
=
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which typically include differont antibodies directed sgainst different determinunts
{epitopes}, each monoclonal antihody s directed sgainst a single determinant on the
antigen. The medifier “menccional™ indicates the character of the antihody as being
obtained from a sehstantially homogeneous population of antibodies, and is noi to be
construed as veguiring production of the antibody by any particular methaed. For
example, the monoclonal antthadies 1o be used in accordance with the present
invention may be made by the hvbridoma method frst desertbed by Kohler ef o,
Nuture 256493 (1973, or muay be made by recombinant DN A methods {see, e.g.,
LIS, Patent No, 4,816,.567), “Monocional antibodies”™ may also be isolated from

¥

phage antibody libraries using the techaigues deseribed tn Clackson er ol Nature

f“}

352:624-628 (1991 and Marks e of, 1 Mol Rinl, 222:881-397 (18911

FO0A0T Monoclonal antihodies may further inchude “chimerie” antibodiss

{immumoglobuling} i which a portion of the heavy andfor light chain is identical with
or homedogons 1o corresponding sequences in antihodies derived from 8 particalar
species or belonging 1o a particnlsr antibody class or subclass, while the romainder of
the chainds) is identical with or homologous to corresponding sequences in atibodies
derived from another species or belonging o another antibody class or subolass, a3
well as frmgments of sunch antibodies, so kmg as they exhibit the desired biological
gotivity (UL8. Patent No. 4,816,567, and Mowison ¢ of, Proc. Natl, Acad, Sal, USA
BL6RIT-6853 (1984)).

[0G5 1] The term “hypervariable region™ when used herein refors 1 the aming agid
residues of an antibody which are responsible for antigen-hinding, The hypervariable
yegion comywises muine avid residues from ¢ “vomplonmontarity determining regton”
or “CDR" (e, residues 34-34 (L1, 3056 (L2 and §9-97 (L3} m the hight chain
variable domain and 3135 (HTY, 3065 (HD) and 23102 (H3} i the beavy chain

variahle doinain; Kabat ef of, Sequences of Proteins of Immunological Interest, 3%

R4

Ed, Public Health Service, Nattonad Institutes of Health, Bethesda, Md. {19911 andfor

thoss residues frons 8 “hypervarialde loop™ (e, ronidues 26-32 (L1, 50-83 (L2 and
1-96 {13} in the light chain variable domain and 26-33 GH1), 33-88 {H2) and 86101
i 7

(H3Yin the E’}s‘:aw}-‘ chain variable domain; Chothia and Lesk 4. Mol Rioll 1969019
{1987Y) “Framewark™ or TR residues are those viwtable domain residues other than
the hyporvarighle region residues as herein defined.

[O032] “Humandeed™ forms of non-nwvan (0., murine antibodies are chimerie

antibodios which contain mintmal sequence dertved from sorr-human

H
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anmuncgiobaling For the most part, humanized antibodies are huuman
immunoglobulins {recipient antibody) in which hypervariable region residues of the
recipient are replaced by hypervariable region residues from g non-human species
{dlonor anttbady) such ay mouse, rat, rabbit or novhuoan primate having the desired
specificity, aflinity, and capacity, In some instanges, Py framework region {(FR)
residues of the human immunoglobulin ave replaced by corresponding non-human
residues, Furthormore, humanized antibodies may comprise restduss which are not
found in the reciptent antibody or inthe donor sadtbody. These moditications wre
made fo forther refine antibody performance. In goneral, the manized antibody will
comprise substantially all of &t least ene, and typieally two, varable domains, 8
which all or substantially all of the hypervariable oops corvespond {0 those of g nown-
human bomunoglobulin and all or substantially all of the FR regions are those of a
human insnunoglobulin segoenve, The humanized snttbady may comprise at least a
portion of an immpnoglobulin constant region (Fo), typleally that of 8 buman
somunoglotnding For Ruother details, see Jones of of., Nature 32 1323-3235 (1986)

Riechsann er of, Nature 333.333-329 {1988} and Presta, Curr, Op. Struct. Biol

F-A0. § §£}£}“3

{00531 The rerms “polynucientide™ and “pucleic actd molecule,™ used
interchangeahly herein, vefer 1o polymeric forms of nopcleotides of any length, either
ribopncieotides or deoxyribomucieotides. These terms mclude 2 single-, double- or
tripte-siranded DNA, genomic DNA, ¢DNA, RNA, DNA-RNA hybrid, or  polymer

3

comprising porine and pyrimidine baseg, or other natwrad, chemically or blochenyically
nadified, non~-natural or dertvatized nucleotide bases. The hackbone of the
polynucleotide can comprise sugars and phosphate groups {as may {ypreatly be found
in RMNA or DNAL or modified or substituted sugar or pimvﬁmt > groups. In addition,
a double-sivanded polynuchctide can be obtained from the single stranded
polvnucientide preduct of chenucal syuthests either by synthesiziag the
complementary steand snd anneading the xirands onder appropriats conditions, or by
synthesixing the complementary strand e sove using @ BNA polymerase with an
appropriste primer. A nuelele acid molecule can talie many different forms, eg., 2
gone or gene fragment, ong of MIOTE eRONS, BNe O MOTe intrens, mRNA, cDINA,
recombinant polynucleotides, branched polynuclentides, plasmids, vectors, isolated
DINA of auy seguence, isolated RNA of any sequenee, nueleis avid probes, and

privaera. A polyvnuclentide may comprise madified nucleolides, such as methylaied

&

12
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nucleotides and nucleotide analogs, uracyl, other sugars and Hnking groups such as

flucroribose and thioate, snd nuckeotide branches, As psed heretn, “DINA or

“aucleotide sequence” wnchules not only bases AL T, L and G, but also inchades any
uf their :m&i@m or modified forms of these bases, sueh as methyvlated nucleatides,

iternuclientide modifications such as weharged Hokages and thivates, use of sugar
anatogs, and modified andfor alternative backbone stroctures, such a8 polyanides,
(00541 The term “solution,” “composition”™ or “sample,” as used hereln, refors o g
aixture of two oF prwY proteins, where one of the protams is a targst protein or
protois of interest i be purilied and the other one or mors protetns are undesirable
and are selectively removed using methods deseribed herein. In some ambodiments,
the sampde conprises vell cultwre foud, for exanple, feed from a mammalian vell
cubture {e.g., CHO cells) containing fwo or more proteins. However, samples also
eneompass non-mannnabian expression svyiens wsed for producing a protetn of
interest or farget protein.

{0055] The term “non-maramalian expression systems,” gs used herein, refers to all
host cells or organisms employed to generate therapoutic proteins, where the host
cells or organisms are of non-manunalian onigin, Exampdes of non-mammalian
expression syxters wsed for producing a protein of interest or target protein mwlude
veast such as, Seccharomyees cerevisiue and Mlokia pastoris, bacteria such as

Escherichia coli, Bacillus megaterium, Brevibacillus choshinensiz, tnsect cells such as

Spmm} sera fragiperds cells, Baculoviras infected insect cedls, and algae cells.
{0030 As used herein, the torn “polypeptide™ poneratly rofers to peptides and

proteins having more than about ton amino gaids. The terms “protein of interest™ and
“targed profein,” as used interchangeably hevein, refor 1o a protein or polypeptide,
which 18 to be purified from z mixtwre of two o more protolins or polypeptides, by
selective removal of the other proteins or polypeptides tn the mixtwre.

[OOSTY The terms “porifying,” “inoreasing the purity,” “separating,” or “isodating,” as
used intervhangeabdy hereln, refer © incrensing the muo of target profeiu 0 ong or
mre gther profeing n aomixturs by selectively removing the one or more other

proteins from the mixture using the methods described heretne Typically, the purity

of the target profein is increased by 0%, or by 80%, or by 7%, or by 84, or by
0% or more, following removal of one or more other profeins prosent in the sample

copaining the target protein.

s
tar
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JOOSRY As used mlerchangeably heredn, the terms “selectively removing”™ and
“selective remeval” refer to removing a protein from a mixtee of two or more
proteins by exposing the mixture 1o a carbonaceous material {2.g., activated carbou)

wder pii conditions, which are within ahout 28 ‘{\H units of the seslectric gmim of

activated carbor is added to @ mixture of two or more proteins under pH conditions
which are close {0 the tsoelectric point of & protein desired fo be removed, thereby
resulting in activated carbon o bind to the protein. The activated carbon ix
subsequently removed from the mixture, theveby resuliing in the removal of the bound
protein.

FO038] The torms “flow-through process,” “flew-through mode,” and " How-through
chromatography,” as used intorchangeably heretny, refor fo a prodogt separation
technigue i which at least one produoct in a sample is imtended 1o flow through a
carbemgceous media, while at least one potential component binds to the
carbonaccous media (e g., activated carbon).

(D068} The Sﬁ?ﬁp?t‘: intended 1o fow through is generally referred 0 as the “mobile
phave.” The “fow-through mode™ s generally an isocratic operativn {i.¢., 3 process
during which the composttion of the mobile phase is not changed), The media nsed
for fow-through is veually pre-eguilibrated with the same buffer solution that
contgins the target protein molecude. Alter purificstion, the media can be flushed with
additional guantity of the same bufler 1o increase the product recovery,

[00e1] The term “buffer” refors 0 a solution that resists changes inpH by
the action of Hs scid-base conjugate components. Varions budfers which can be

emploved in the methods deserihed herom are deseribed in Buffers, A Guide for the

Preparation amd Lise of Baffers in Biological Systems, Guetirev, D, od. Calliochem
Corporstion (1875}, Different buffers maintai difforent ranges of pH, for example

phosphate buffer is wsually used for pH between 6.0 and 8.0, while for a higher pH, a

borate buffer van be used, and for lowser pH, 2 carbonste buffer can be used. Per

o
’}'c

SH

’:}A

of ordinary skill in the artwill be shle to readdly identily o switable butfer o use,

\

depending on the pH to be maintaived, Non-limting examples of ffers that can

Sy

-

5

used 0 the methods aceording to the present invention include MES, MOPS,
ROPSQ, Tris, HEPER, phosphete, svetate, eitrate, succinate, carbonate, borate, and

armmonium buffers, as well as combinations of these,

P
Y
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{00621 The tenm “wash buffer” or “equilibration buffer” are used misrchangeably
herein, refers 1o a bulfer used to wash or re-equilibrate the carbonaceous material
prior to contacting a nuixture of proteins with the carbonaceous material.

{00631 The term “conductivity™ refers 1o the ability of an agueons solution
condacet an electric current between two electrodes. fn solution, the current Hows by
on transport. Therefore, with an increasing amount of fons present in the agueons
solution, the solution will have a higher vonduetivity, The unit of measurement for
conductivity is milliSiemens per centimeter im¥S/om or m¥), and can be measured
using a commercially available condoetivity meter {e.g., sold by Orion), The
conductivity of a solution may be altered by changing the concentration of ions

theredn, For example, the concentration of a buffering agent and/or conceniration of g
salt {e.g. NaCl or KO in the solution may be altered in order to achieve the desired
conductivity, Preferably, the salt concentration of the various buffers iy modified to
achieve the desired conductivity gs i the Examples balow,

(0641 The “pI™ or Visoelectric point™ of a polypeptide refers to the pH at which the
polypeptide’s ;’3{3sitive charge balancey fts negative charge. pl can be caloulated from
the net charge of the aming acid residues or slalic geid residues of attached
carhohydrates of the polypeptide or can be determined using one or more of the
following methods that are well known w the ant: soclectric focusing electrophoresis
gel; capitlary isoclectriv focusing electrophoresis; chromatofocusing; isoelectric
precipitation; and ton-exchange chromatography.

il Exemplary Carbonaceous Materials for Use in the Methods Described

Herein

00651 In methods according to the present ipvention, certain carbonaceous

ey,

.

materials such as, activated carbon, are wsed fur seloctive removal of proteins,

Activated carbon can be desertbed ax g porous solid with a very high surface wea. In
some eanbodiments, activated carbon comprises activated charcoal. Activated carhun
can be derived from a variety of sources including, but not Hmiled 1o, coal, wood,
covonit busk, nutshells, and peat. Activated carbon can be produced from these
materials by physical sctivation involving bheat under a controlled atmosphere or by
chenival activation using strong acids, hases, or oxidants, The achivation processes

FES

produce 8 porens sttucture with a high surfhoe area that gives activated carbon a

proaier capscily for Impurily removal, Activation provesses can be madifisd ©
gread pacity for impurity removal, ACtivalion [rovesses can b

control the audity of the swrfe.

st
L8
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F0661  Activated carbon is available from i wide variety of commercial sources and
comes in a number of grades and formats. Some of the commercial suppliers of
activated carbon inclade companies sach as MeadWestVaco Corp,, Richmond, VA,
LISA; Norit Amwericas Inc., Maeshall, TX, USA; Calgon Carbon Corp., Pittsburgh,
E)z!‘% ( Sz“i&
{00871 In some embodiments desertbed herein, activiated carbon is incorporated in a

cellulose-containing fibrous media, as deseribed hersin,
[0068]  Commercially avatlable sctivated carbon materials that may be emploved in
the methods according to the present invention inclonde, but are not Himited to, Nachar
HD activated carbon (MeadWestVaee Corporation, Richmend, VA, USAY, Nuchar

A 20 (vicad WestVaco Corporation, Richmond, VA, USA ) Nuchar SN

{MeadWestVaco Corporation, Bichmond, VA, USAY, Nuchar WV.R 38
{MeadWestVaco Corpovation, Richmond, VA, USAY RGO Powder activated cashon
{MeadWestVace Corporation, Richmond, VA, URA)Y Norit Daree KB-G activated
parbon (Norit Americas Inc., Masshall, Texay, USAY; Norit TGP Super activated
carbon (Norit Ameriess Inc., Marshall, Texas, USAY Norit A Supra USP (Norit
Americas Inc., Marshall, Texas, UBA Y Norit E Supra USP (Norit Amerigss Inc.,
Marshall, Texas, USA) Noeit € GRAN (Norit Americas Inc., Marshall, Texas, URAY
Norit SX Ultra {Norif Americas Ing., Marshall, Texas, USAY; and Chemviron Pulsorb
PG activated carbon (Chemviron Csrbon, Feluy, Belgihum).
{0691 Two major formats of activated carbon are powdered and granular.
Powdered activated carbon contains small and usually less than 1 nun dlameter
particles, and i3 most commenty used for purificetion of Hanids, Gramudar activated

carbon has a larger partivle size wd consequently a smaller surface are, so itis

E~d

preforred for use in pas purification where the rate of dilftusion is fhster

&

~

[0070]  An important consideration for safety with use of activated carbon in
comsunyer applications (such as water, {pod, beverage, and pharmsceutical
parifivation) is redaction and control of extraciable compoonds. Activated carbon
frstersded for deinking water and food contact applications is usually mads in
comphance with safety standard ANSENSF Standard 61 that covers all indivest
additives 1o water, Aisa, ARTM stanclard test method 36383 describes determining
acid extractable content in activated carbon by gshing and could be used o study and

minimize the level of extractables frony sotivated carbon,
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0711 A range of activated carbon types is available Ror varicus spplications, For

example, MeadWestVaco Corp. supplies at least twelve types of powdered activated
carbon that vary by thelr capacity, surface scidity, pore accessibility @ target

malecules. and intended application. It i3 penerally desirable to maximize the
capactty of activated carbon for mapuetty remmoval,

0721 o sonse ensbodiments descabed heretn, activated carbon is incorporated in a

celtulose media,

1. Use of Carbunacesus Material in Purification Processes

{00731 One general procedurs which mugy be used for selectively removing a protein
from a solution containing gt least two profeins is desoribed below.
f007471  In some embodiments, the protein to be selectively removed using the
methods deseribed herein i an undesirable protein or profeinacenus impurity, which
may be removed by static treatment of the mixture with activated carbon. The pH of'a
sehution containing at least two proteins 15 adjusied fo 8 pH which s within 2.0 pH
anits or 1.0 pH unit of the isoeleciric point of the protein or proteinaceous mpurity 1o
be selectively removed. The pH can be adjusted by the addistion of acid or base 1o the
sohution. The solution pH can also be adjusted by dilution of the solution with &
mffer having the desired solution pH or by dialysis or diafiltration of the schution into
a butfer having the desired solution pHl Activated carbon is subsequently added to
the pH adjusted soletion either in dry form or suspended in an aguecus solntion. The
solution is then allowed 1o mteract with the sctivated carbon for a perted of ime up to
48 hoors, The gctivated carbon is preforably kept suspended within the solution in
order to masimize the rate of protein impurity adsosption. The sehation can be
apitated by movement of the scdution container or string the solution with &
magnetic stir bar or stirving the solufion with & mechamcs! agitator,
JO07S]  The activated carbon is then separated out from the solution, where the
activated carbon ix bound o the protein ® he selectively removed. The bound
aotivated carbor can be separated by Rltering the solution and recovering the schution
filtrate. Alernatively, the bound activated carbon oan Yo separated by centrifuging
the solution or allowing the bound activatest carbon to settde and recovering the
supernatant solution, Wany fine particles remain in the supsmatant after
centrifugation or settling, they can be romoved by filtration. The romaining solntion

¥

contains reduced levels of the protein which v selectively removed.
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»

[76]  In another embodiment, the following procedure maybe used to selectively
remove a profein from a solution containing at least fwo profeins.
FO077] The pH of a solution containing &t least two proteins 1s adjusted to a pH
which s within 2.0 pH units or within 1.0 pH undt of the iseelectric point of the
protein which s desired {o be selectively removed. The pH may be adjusted by the
addition of an soid or @ base to the selution, The selution pH can also be adjusted by
difution of the solution with a buffer having the desived pH. Farther, the solution pH
can be adjusted by dalysis or diaftfiration of the solution trte a butfer having the
desired pHL
{00781 In some emboditeets, @ chromeatography device, e.g., a colamm, is loaded
with an agueous slurry of activated carbon. Activated earbors can alse be loaded into
g device, ez, @ oolumn, as g dry powder and then wetted with an agueous solation.
However, sometinoes # may be challenging to remove smadl adr bobbles from in
between the activated carbon particles when the colann is dry packed, The colunm is
thes equilibrated with & bulfer having the ssme pH as the solution containing the
proteins, Then the solution is subsequently passed through the asctivated carbon
cobunn at 8 Rowerate that results in g columm residence time of between 15 sees and
1.0 mins. The cluate from the columnn is then collected which does not contagin or
pontains reduced levels of the protein thet was selectively removed uaing the activated
carhon,
{00791 In various embodiments, the gotivated carbon which is bound to the protein
10 be selectively removed may be removed froms the ssmple containing the twgat
profein by filtration or comtrifugation or & combination of both centrifugation and
fHiltration.
{00801 When starting with a mixturs of proteins, the soelectric point of all the
proteins in the mixiore can be readily determined by subjecting the mixture to
isoelectric focusing electrophoresis gel or capillary iscekectric focusing, Further
respiution of complex mxtures may be acluoved by analysis by two-dimensionat gel
glectrophoresis that separates the proteins by both thelr tsoelectvic point and then their
Based on thix information, solution conditinns can be adijusted when using
sctivated carbon to remove proteing other then the targel protein, as deseribed hevewn,
IRO81] This fnvention is further Hlastrated by the following examples which should

not be construed as Bmiting, The contents of all references, patents and published

£R



WO 2014/133741 PCT/US2014/015662

patent applications cited throughout this apphivation, as well as the Figures, are
incorporated heretn by reference.

Examples
Example 1. Exploiting solution pH fo seleetively remeove either evtochrome €

or e-lactalbumin from a I-1o-1 by weight solution with activaied

carbon
{00821 This representative examnple demonsteates that a ‘g}mtem can be selectively
rempoved from a mixture of two proteins. inttially present in egual concentrstions in
the miixture, using activated carbon by manipulating the pH of the starting solution. In
this experiment, selective removal of wither eviochrame C or g-lactalbumin was
ehtained with sctivated varbos using a solution pH i the victmty of the isceloctic
paim of the protein destred 0 be selectively removed,
(DOR3] A T-o-1 by weight solution of eyvtochrome € and a-Jactalbumin was treated
with activated carhon at pH 4.0, 38, 6.0, 7.0, 8.0 and 9.0 onder siatic conditions, as
described below,
00841 A Tao-1 by weight of protein steok solution was preparad by dissolving

200 myg of o-lactalbumin from bovine milk (283% by PAGE, product number L3383,

lot menber TIOMTO03V, Sigma-Aldrich Corporation, St Louds, MO, 83103, LIRA)
angd 200 mg of oviochrome U from equine heart (293% by SDS-PAGE, product
munber C2508, ol mumber (4IMT008Y, Sigma-Aldrieh Corporation, St. Loy, MO,

3103, UNAY in 160 ml water. The stock solution was then Sltered theongh a .22

um membrane (Sterioup-GP .22 win Millipore Express PLUS membrane, 250 mi,

catalogue manber: SCGPUOZRE, EMD Millipore Corporation, Billenica, M4, B1821,

LUSAL

[O0B3T Three 13 mll cominfuge tubes for each of pH 4.0, 5.0, 6.0, 7.0, 8.0, and R0,
were londed with 10 myg of Nuchar HI¥ pothvated carbon (MeadWestVaco
Corporation, Richmond, VA, USA). Three separate 15 mb contrifuge tubes for each
af pH 4.0, 3.0, 6.0, 7.0, £.0, and .8 were used a3 controds with no activated carbon,

o

Then 2.8 md. of bufter at the appropriate phl {33 mM scetate for pH 4.0, 3.0, 6.0 o 30
midd Tris for pH 7.0, 8.0, 9.0% way added o each tube, Then 2.5 mb of the 1401
protein steek solution containing 2.0 myg/mi of p-lactalbumin and 2.8 mg/ml of
eytochrome £ was added to sach tube. The resuliing schatons had 1O mg/ml of o-
lactalbumin and 1.0 mp/mb of ovtochrorne €. The tubes were allowed 1o rotate for 20

hours,

ta
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[O0RG]  The tubes were subseguently subjected to contrifipation and the
supernatant solutions were filtered through a .22 micron membrane (Millex-3V 0.22
micron Filler Unit Darapore PYDF Membrane, EMD Millipore Corporation,
Billerioa, MA, GIB21, USA} n order to remove any aclivated carbon particles that
might remain suspended i solution. The samples were analyzed by reverse phase
HPLC (lostruments Agilent 1290 UPLU, Column Higging Analytical Targa C1E,
Mobile phaser Solvent A - 4% trifluoroscetic acid 1y MilIQ Water, Solvent B -
(1% mfluoroacetic acid 1 100% acetonitrile (HPLL grade), Flow rater 1 malimin,
gradient: 0-13 min, $%-95% B, with 10 mimue post-iime 1o re~oquilibrate column,
wavelength of UV detector: 238 nm {330 nm refirence, temperatare: 25 °CL The
recovery of the proteins was ealeulated based on the aress measweed in the HPLC
peaks.

[OO87T  As summarized in Table § below and depicted in Figure 1, this experioent
demonstrates that it s possible 1o selectively remove g single prodein from a selution
composed of two proteins with different soelecivic points by adjusting the sohsion
pH such that i s elose to the tsoclectrie point of the protein to be removed. For
exampls, following the treatment of the 1-to-1 by weight profein solution with
activated carbon st pH £.8, which happens to be close to the isoelectric point of o
lactalbumin, the composition of eytechrome C it the solution is enriched from 30% o
7%, while the composition of o-lactalbumin in solution was reduced from 30% to

5
3%,

(O0RKY Conversely, troatment of the To-1 by weight protein selution with
activated parbon at pH 9.0, swhich happens 1o be close o the seeleotric point of
evtochrome C, enriches the sohution composition of g-lactatbumin from 58% 1o
100%, while the solution compostiion of eyvtochrome T s reduced from 50% 10 §%.
[OG89]  Figuwre 1 depicts the percentage composition of eyvtochrome € and g~

lnctalbumin in soluiions composad of 1O mgdml eviochrome C and 1.0 mg/mL of @~

factalbumin (5096 56% ratio) following treatment with sctivated carbon at pH 4.4,
50,60, 7.0, 8.0, and .0 under static condifions, As shown, activated carbon

sedectivedy remaoves the eyvtochrome © when the solution pH s close to #s isoelectie
point of 1L.0-10.5 and selectively removes the e-lactalbumin whes the solution p§§

ose 1o ity soelectric poant of 4.8, The graph indicates the unexpected result tha

P

¢l
activated carbon can be used to seleotively remove a protein when the solution pH is

close o the isoelectrio potat of the protein 1o be removed,
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Table I The recovery of ovtochrome O, the recovery of a~actalbumin, and the ratio of
eytochrome U to o-lacialburnn afier solutions compesed of O mg/ml eytechrome €
and 1.0 mgfml of a-lactatbumin (S0%S0% ratio} were treated with activated carbon

gt pH 4.0, 5.0, 8.0, 7.0, 8.0, or 5.0 under static conditions.

evtovhrome  a-dactalbunsin ratio of eytochrome

pH

; TECOVELY FECOVRTY 20 a-hactalbumin
4 R 28%% T 23%

3 82%% 26% T6%e 1 2484

& H3% 46% 8% 0 2%

¥ 4% 38% 44% 1 5%

5 2ty H%% 2% T3

G % I7% 9% 1 100%

Fxample 2. Belective removal of evtechrome € frum a sslution

containing beth cviochrome € and g-lactalbamin

Ky

[T This representative exatmple demonatrates that an undesirable proteis ora

model proteinaceous impurity can be selectively removed from a solution condaining
& target profein using activated carbon, when the pH of the starting solption is
manipulated such that it is olose o the meelentric point of the undesirable protemn or

model proteinacenus tnpurity, In this expertmen, » solution of o-laciatbumin

o~

containing 100,000 ppm of eyvtochrome €] wihich may be analogous to the levels of

many profeinacecus impurities, was treated with activated cwbon at pHAQ @ 8.0
wder stativ conditions to demonstrate that ovtochrome U can be selectively and

a3

effictenly removed with activated carbon by choosing & solution pH close to the
soelectrie point of eytochroms €
foUs 1}

{>85% by PAGE, produect nunvber LE3X3, lot number 1HOMTOO3Y, Stgma-Aldrich

A solution was prepared From 400 myg of a-lactatbamin from boving milk

Corporation. St Louis, MO, 63103, URA), 40 mg of eytochrome T from equine heart
{29585 hy SDS-PAGE, prodact member C2506, tot auntber 8B4HT 1338 Sigma-Aldrich
Corporation, St Lowds, MO, 83103, USA) and 40 mi of water. The protein stock

o 3y

solution was then filtered through 2 9.22 oy membrane {Stevtonp-GP 0.22 um
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Millipore Express PLUS membrave, 250 ml., catalogue number: SCGPUGIRE, EMD
Millipore Corporation, Billerica, MA, 01821, USA)

(00921 Theee 15 mb centrifuge tubes for pH 4.0 and pH 2.0 were loaded with 10
myg of Nuchar HE activated carbom {MeadWestVaco Corporation, Richmond, VA,
USA) Three separate 13 mi conteifuge tubes at pH 4.0 and pH 9.0 were used as
comirols with no activated carbon, Then 2.3 mb of buffer at the appropriate pH (30
mM acetate for pH 4.0, 38 mM Tris for pH 9.0} was added to each tube.
Subsequently, 2.5 mi of the stock protein solution having 10.0 mg/ml of u-
lactatbumin and 1O mp/ml of ovtochrome U in water was added to cach tube. This
resulied in a solotion with .0 mg/ml. of e-lactalbumin, 0.3 mg'ml of eytochroms €,
and a buffer concsatration of 25 mM. The tubes were allowed {o rotate for 20 hours.
[O0R31  The tubes were subseguently subjected to centrifugation and the
superatat selutions were filtered through a 822 mivron membrane {(Millex~(3V .22
micron Filier Undt Durapore PYDF Membrane, EMD Millipore Corporation,
Billericn, Ma, 01821, LISA} in order to remiove any activated carbon particles that
might remain suspended in sohation. The samples were analyzed by reverse phase
HPLC (ostrament: Agilent 1290 UPLE, Columae Higging Analytical Targa T1§,
Mobile phaser Solvent A - 819 influcroacetic acid in MRQ Water, Solvent B -
{1.1% triflnorcacetic acid in 100% avetonitrile (HPLL grade), flow rater 1 mlimin,
gradient: 8-15 min, $96-95% B, with 1 minuie post-time to re-equifibrate colurmm,
wavelengih of UV detector: 230 nm {330 nm reference, tomperatuve: 25°C) The
recovery of the proteins was caleulated based on the areas measured in the HPLC
poaks,

[0094]  Ax demonstrated by the results in Table I, evtochrome €, ased a5 3 model
proteinavecus bapurity, was solectively and efficiently removed from the solulion
gontgining ovtochrome € and g-lactalbumin st pH 9.0, which s neay the isoelecti
point of evtocheoms C (pl 1001053 Ty contrast, vory Hittle of the eytochrome U s
removed from the solution at pH 4.0, which is farther away from the isoelectrie point
of eytachrome €.

0Rs] Accordingly, a stmilar separation could be performed to remove any
proteinacens impurity which may be present in 2 solution vontaining & target protein
of interest, by adding activated carbon 1o the solution having g pH which s close to

the ixoelectric point of the proteinaceous Impurity,
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Table . The recovery of a-lactalingnin, the concentration of cytochrome C, and the
LRV of pytachrome € removed after sclutions composed of 5.0 mg/mi. of a-
lactatbomin and 0.5 myd/ml of ovtochrome C (100000 ppim) were treated with
activated carbon at pH 4.0 or pH 9.0,
eyetochron € fog reduction
a-lactatbumin

pH conceniration value of
FRCOVETY

{ppm} evtochrome C
4 4% 113420 ~3.05
b 93% 13,794 .86

Example 3. Relective remuoval of e-lactalbumin protein from a solution of

evtochrome U
{08%6] This representative example further demonstrates that vel another
undesirable pmtﬁciﬁ or model prcstein:zts:ews h:ngurity can be selectively removed from
solution is Eﬁs'itsug;hi eiirsse o the Isoclectric psia’s of the undesirable protein or model
profeinaceons imparity. In contrast o Example 2, the madel impurity to be removed
here iy a-lactalbumin, In this experimen, 3 solution of eytochrome € with 100,000
ppm of a-lactattarnin was trested with activated carbon st pH 4.0 or 9.0 under siatic
conditions 1o demonstrate that e-lactalbumin car alse be selectively and efficiently
reroved with activated carbon by choosing a solution pH close to the tsoslectric point
of the a-lactalbumin protei
[OURTT A solution was prepared from 400 wyg of evtochrome € from equine heart
{>05% by RDS-PAGE, product number U2386, Iot number 8417133 Sigma-Aldrich
Corporation, St Louts, MO, 83103, USA), 40 mg of o-lactalbumin frote bovine mitk
{>R5% by PAGE, prodact munber L3383, lot number TIOMTO03V, Sipma-Aldrich
Corporation, 88 Louts, MG, 63103, URA) and 40 mi. o water. The protein stoek
sobution was then Bltered theongh ¢ 8.22 i membrane (Menoup-GP 022 pm
Millipore FExpress PLUS membrane, 230 ml, catalogue number: SCOPUGIRE, EMD
Millipore Corporstion, Billeriea, MA, 81821, USAL
FO0081 Thees 13 mi conirtfuge tubes for pH 4.0 and pH 8.0 were loaded with 18

my of Nuchar HD activated carbon (Mead WestVaco Corporation, Richmond, VA,

>
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USAY, Three separate 13 ml centrifuge tabes for pH 4.0 and pH 9.0 were used a8
controls with no activaied carbon. Subsequently, 2.5 ml of baffer gt the approprime
pH (50 mM acetate for pH 4.0, 50 mM Tris for pH 9.0) was added to each tube. This
was tollowed by the wildition of 2.5 mb of the stock protein sohution having 1.0
mghnl of eytochrome C and 1.0 mg'ml of e-factalbumin in water to each tube,
which resuhied in a solution with 3.0 mg/ml. of eviochrome €, 8.5 mgiml. of o~
lactatbumin, and a balfer concentration of 25 mM. The tubes were allowed o rotate
for 20 hoars,

F00991  The tubes were subjected 0 contrifugation and the supernatant sohtions
were filtored through a 0.22 nucron membrane (Millox-GV 0,22 micron Filter Unit
Durapore PVDF Membrane, EMD Millipore Corporation, Rillerica, M4, 01821,
URAY In order to remove anty activated carbon particles that might remain suspended
in solution. The samples were analvzed by reverse phase HPLC {Instruments Agilent
1290 UPLL, Colummn: Higgins Analyvtical Targa C18, Mobile phase: Solvent A~ 8.1%
trifluoreacetic ackd in MO Water, Solvent B - §,1%6 tintluorcacetic acid in 100%
acetonitrile {HPLC grade), fow rate: 1 rodfnun, gradient: 0-15 g, $%-93% B, with
10 minute post-ime to r&;‘.~eqmﬁbmte column, wavelength of UV detector: 230 am
{350 non reference, twaperature; 33 °Ch The recovery of the protoins was calowlated
hased on the areas messured in the HPLO peaks.

{00100]  As demonstrated in Table I, the e-lactatbumin protein was selectively &
efficiently removed from the selution contatning both evtochrome C and o~
lactalbundn g pH 4.0, which is near the 1soelectric point of a-lactaltnunin (pf 4.8},
confrast, very Hitle of the g-lactalbumin mrotein is removed at pH 8.0, which is further
away from the isockectric point of s-lactalbumin,

{B0101]  Accordingly, both Examples 2 and 3 further confinmed that @ protein can be

sedectively and efficiemly removest from 2 solution asing activated carbon, i the pH
of the solution is close 1o the isoelectrie point of the protein which 1s 1o be remwved

using aotivated cwrbon, This finding is both novel and noexpested and may be used
many different instances, where it is desivable to remeree & spectfic proteis from a

solation or to remove & protein from a mixiere of proteing,
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Table 1L The recovery of eyvtochrome € the concentration of a-lactalbuenin, and the
LRY of ge-lactalbumin removed sfter solptions composed of 5.0 mg/mi. eyviochome O
and 0.5 mgdmd of a-lactathumin (100,000 ppm) were trested with activeted carbon @t

pH4UorpH 9.0,

. ir-lactalbomin tog reduction
evtochrome C , X
pH conveniration value of -
rECovery ‘
{ppm} factatbumin
4 Q3% 3873 1.33
9 8% 88,968 (.03

Example 4. Optimal selution pH for the removal of 8 protein from a mixture

contsinine a menoclonad antibody

{O0102]  Ths represeniative example demonstrates that a model proteinacenus
mnpurity can be selectively removed from g solotion containing 8 monoclonal
antihody as the target proteln, using activated carbon, when the pH of the starting
solution is hrought vlose o the sovlectric point of the impurity. A solation
containing MAD | monoclonal atthody and 200,000 ppm evtochrome U was treafed
with activated carbon at pH 4.0, 3.0, 6.8, 7.0, 8.0 and 9.0 under static comditions 1o
demonstrate that ovtochrome C can be selectively and efficiently removed from the
solution using activated carbon when the solution pH s close to evtochrome (s
isoelectric point.

(001031 A 100 smpfml sohation of MAD I monocional antibody way dislvzed into
water fo remove buffer salts with dialvais wbing (Standard RO Dialysts Trial Kits,
SpectraPor® 1.3, 35K MWOO, 34 pom FLAT WIDTH, serial mumber: 132728,
Spectrum Labowtories, Ine Rascho Domvinguez, CA, SU220 USAL A portion of the
dalyred MAB | solution was then concontrated using Amicon Ultea-15 Centrifugal
Filter Units (3 kD, catalogue Noarber: UFCHI0324, EMD Millipore Corporation,
Billerica, MA, 01821, USA) The concendrated portion of the solation was
revambined with the rest of the diglvred MABR 1 selution 10 give stoek solation with g
concentration of 10.0 mg/mi. The MAR { stoek sedution was then Nhersed theough a
(.22 pm mewbrane {(Stectcup-GF 3022 gor Millipore Express FLUS membrane, 250

k., catalogue nuaber: SCGPUNZRE, EMD Milliporg Corpovation, Billeniva, MA,

G821, UBAL
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(001047 200 mg of eyvtochrome U from equine heart (398% by SDE-PAGE, product
manber C2308, 1ot number 041 MT7008V| Sigma-Aldrich Corporation, St Louds, M@,
3103, LISAY way dissolved into 100 ml of the 10.0 mg/mL MAB solution. The
stack solntion was filtered through a 8.27 jon membsane (Stertcup-GP 827 um
Miltipore Express PLUS membrane, 353 mil, cntalogue number: SCOPUOGZRE, EMID
Milhpore Corporation, Billenea, MA, 01821, USA)

{00103]  Three 18 mi contrifuge tubes for pH 4.0, 3.0, 6.0, 7.0, 8.0, and 9.8 wars

loaded with 10 mg of Nuchar HD activated carbon {MeadWestVaco Corporation,

Richanond, VA, UKA). Three separate 15 mi contrifige tubes for pH 4.0, 5.0, 6.0,

7.4, 8.0, and 9.0 were used as controls with no activated earbony. 2.5 mi of butter at
the appropriate pH {30 mM acetate for pH A0, 5.0, 6.0 or 30 M Tris for pH 7.0, 8.0,
Q.01 was added to gach tube. 2.5 mb of the stoek solution contamning 108 mg/ml of
MAB T and 2 mg/ml. of extochrome € was adided to each e, The resulling
solutions had 3.0 mg/mL of MABR L 1.0 wmg/ml of eytochrome €, and a baffer
concentration of 25 mM. The tubes were allowed to rotate for 20 howrs,

001061 The wbes were subsequently sabjected 1o contrifugation and the
supernatat solutions were fiftered through 2 0.22 micvon membrane (Millex-GV 422
mieron Filter Uit Durapore FVDF Moembrane, EMD Millipore Corporation,
Billerica, MA, 01821, USA} in order o remove wy setivated carbon particles that
might revnain suspended in solution. The sanples were analyzed by analytical size-
exclusion chromatography (Instrument: Agilent 1260 HPLC, ColwnnTosoh
Biosciences TSK-Gel Super SW3000; Mobile phaser 0.2M sodiun phosphate pH 7.00
flow rate: 8.3 3mb/ndn, isocratic gradient, 13 min awm tme: wavelength of UV
detector: 230 mm: temperature: 23 degree ) The recovery of each protein was
calonlsted based on the A3 arcas measared i the HPLC pesks.

(001077 The Example demonstrates, as summarized in Table IV and Figore 2, the
unexpected finding that evtechrome €, which s an impunity in this case, i efficiently
and selectively removed from the monoeelonal antibody containing solution when the
sodution pH is near the isoelectric point of eytochrome €. Accordingly, when the

sedution was gt pH 8.0, which s close o the isoelectric point of evtochrame C {ie, il

‘i{},{};},_{}.ﬁ}, 0.9 LRV of the oviochrome O was remeved. In contrast, ondy 0,01 LRY
of the oytochrome © was removed by activated cwrbon at pH 4.4, which 1s further

away frons oytochrome s socleciric poiat.
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FOGLO8Y  The graph in Figare 2 depicts the log reduction value (LRV) of eytochrome
C removed from a monocional atibody (MAD 1} solution treated with activated
parbon at pH 4.0, 5.0, 6.0, 7.0, 8.0, and 2.0 under static conditions. The greatest

amoun of eviochrome O s removed at pH 8.4 where the solution pH is closest to the

nehirome (s tsoslectric point of 10.0-10.3, The graph oxemplifies the anexpected
ﬁmﬁng that getivated carbon most effectively removes a protein from a monoclonal

anitbody solution when the sohution pH is near the ixeeleciric point of the protein to

be removed,

f001091  Accordingly, this Example demonstrates the anvel and onexpected Bading

thai activated carbon can be used to remove a proteinaceous impurity from a selution

comtaining a proein of interest by manipulating the solution pH such that it 15 chose to

the isoeleciric polat of the impurity.

Table IV, The recovery of monoclonal antibady MAR L the concentration of

eytochrame O, and the LRY of ovtochrome C removed afier solutions compaosed of
5.0 myg'md. MAD Land L0 mgdadl of evtochrome C (200,000 ppon) were treated with

activated carbon at pH 4.0, 5.0, 6.0, 7.0, 8.0, or 9.0 under static conditions.

evtochrome LRV of
pH  recovery of MAB L conceniration eviochromse
{ppm} ¢
4 Q% 193,948 Q.01
3 GO, 101,496 {4.2%
& Bi% (L5381 (.34
7 Qe 63,377 (.30
8§ Q7% 47,793 {63
g RGN 25271 190

Example 3,

[O0110]  This representative example demonsivates that an undesirable protein or

model proteinaceons impurty can be selectively removed from g solution containing

& monnetonal antibady as the target proteln, using setivated carbon, when the pH of

the starting slution s hrought elose to the isoelertric point of the wndesirable protein
. ¥

or preteinacecns impurily. In contrast to Example 4, the mode! imprurity here 18 o-

facialnanin,

b
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{06111 A solution containing a moneclonal antibody and 200,000 ppm -
lgctathumin wag ireated with activted carbon at pH 4.0, 5.0, 6.0, 7.0, 8.0 and Q0
ander static conditions to Rather demounstrate that activated carbon can be used for
selective and efficient removal of yet another protein (e, o-lacialbumin} froma
sclution cmataini;zg a profein of iterpst {f e, 8 monovional antibody in this casel by
manipulating the pH of the solation such that # Is close to the isoeleciric point of g~
lactalbomin,
(601121 A 100 me/mlb solution of MAD I monocional antiboady was dialyzed nto
water 1o remove buffer salis with dialysis tubing (Mandard RO Dhatysis Trial Kits,
Spectra/Por® 1-3, 33K MWCO, 34 mm FLAT WIDTH, senal number: 132735,
Spectrum Laboratories, Ine Ranche Dominguez, €A, BU220 USA)L A portion of the
dinfyzed MAR 1 solution was then concenirated 10 using Amicon Uhira~15 Centrifugal
Filter Units {3 kDa, catalogoe Nomber: UFCR00G324, EMB Millipore Corporation,
Billertea, MA, 01821, USA} The concenirated portion of the selntion was
recombined with the rest of the dialyred MAR 1 solution to give stock solution with a2
centration of 1.0 mgiml. The MAB T stock solution was then filtered throogh a
.22 wn membrane (Stericoap-GP 0.22 wm Millipore Expresy PLUS membrane, 258
mi, catalogue number: SCOPUDIRE, EMD Miltipore Corporation, Billeriva, MA,
1821, USAL
{OO1I3] 200 mg of a-lactalbumin frore bovine milk (583% by PAGE, product
nurnber L3383, lot number TTOMTO03V, Sigma-Aldrich Corporation, St Louts, MO,
3103, UNA)Y was dissobvad nto 100 ml of the 10.0 my/ml MAB I solation. The
stock solution was filtered through a 9.22 wm membrane {Sterienp-GF 0022 pm
Milhipore Express FLUS meombrane, 250 mi, catalogue number: SCGRUGIRE, EMD
Millipore Corporation, Billeriea, MA, 81821, USAL
(01147 Three 13 mb centrifuge tubes for pH 4.0, 3.0, 8.0, 7.0, 8.0, and 9.0 were
foaded with 10 mg of Nuchar HI aptivated carbon (MeadWestVaeo Corporation,
Richmond, VA, USA). Three sepavate 13 mb ventrifige tubes for each of pH values
4.8, 5.0, 6.0, 7.0, 8.0, and 0.0 wore used as controls with noe activated carbon.
\ubxngmﬁt . 2.5 mb of buffer gt the sppropriate pH (30 myM acetate R pH 4.0, 54,
6.8 ar 30 mb Tris for pH 7.0, 8.0, 9.0) was added 1 each wbe, 2.5 ml of the stock
sehution containing 10.0 mg/ml of MAB { and 2.0 mg/ml of g-lactalbumin was

subsequently added to cach tube. The resulting solations had S0 mgfml of MAB L1
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myg/ml of u-lactalbumin, snd 8 buffer concentration of 25 mM. The tubes were
alfowed to rotate for 20 hours,

[OO1ES] The tubes were subjected to centrifugation and the supernatant solutions
were fitered through & 0.22 micron membrane (Millex-GV 8,22 mivron Filter Unit
Durapore PVDE Membrane, EMD Millipore Corporation, Billerica, MA, 01821,
URA}Y i order to remove any activated carbon particles that might remain suspended
in solution, The saroples were analyzed by snalvtics! size-exclusion chromatography
{Istrament: Agilent 1268 HPLO, Colunm Tosoh Biosciences TSK-Gel Super
SWI0G0; Mobile phase: 0.2M sodium phosphate pH 7.0¢ flow mate: (.353mb min,
isocratic gradient, 15 min run time; wavelength of UV detector: 230 nim: tomperaturs:
25 degree €. The recovery of each protein was caleulated based on the A230 areas
measured in the HPLC peaks.

1161 This example, suomarized iy Table Voanad Figure 3, demonstrates, together
with Exsnple 4, that activated carbon can be psed to selectively and efffciently
remove practically any undesirable protein {o-lactalbhumin 1o this case) present ina
solution corsaining @ protin of iiterest {2 moncelonal antibody in this case), by
simply adjusting the solution pH such that § 1s close to the isoelectric point of the
undesirable protein,  n this instanee, e-lactalbunin was selectively and efficientdy
romoved from the solution conmimimg a monocional antibody, when the pH of the
solution pH was near the isoelectric point of a-lactalbumin, For example, when the
schution was at pH 3.0, which is near the isoclectriv point of w-lactalbumin {pl 4.8},
.37 LRV of the g-lactalbumin was removed. In contragt, only 112 LRY of the o
Jactathumin was removed by activated carbor at pH 9.0, which is further removed
fromy much telactatbumin’s isoclectric point,

FO01171 The graph in Pigwre 3 depicts the log reduction vahs (LRV)Y of g~
factalbumin removed from a monocional aptibody (MAD 1) solution trowted with
activated varhon at pH 4.8, 5.0, 6.0, 7.0, 8.0, snd 9.0 under static condilions, As
shown, the greatest amownt of e~lactalbumin was removed at pH 3.0 where the
solption pH iy closest to the e-lactalbumin’s iscelevtrie pomt of 4.8, The graph

indicates the wexpecied finding that setivated carbon most effectively removes a
profei from 8 monoclonal aatibody sohattory when the sohation pH is near the

wocleriric point of the protein o be removed.
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Table V. The recovery of monocional anttbody MAR L the concentration of g-
Iactatbumin, and the LRV of u-lactalbumin removed affer solutions composed of 3.0
mg/mL MAR Fand § mg/ml of w-lactalbuin {200,000 ppm) were treated with

sotivated carbon al pH 440, 3.8, 6.0, 7.0, 8.0, or 9.8 under static conditions,

a-~lactaibumin o
i , A LRY of o~
pH  recovery sf MAbL ] eoncentration X
. lactaltbumin
{ppm)
4 9% &L 386 .52
5 9% 53,653 .57
£ 9% 66,236 (.48
7 9o 71522 (.43
8 QT 110,416 (.26
g G97% 181,730 .12

Example 6. Optimal selution pH for the removal of a protein from a mixture

somisining a mopeclonsl antibody

{DOTI8]  This representative example demonstrates that an undesirable protein or g
madel proteinaceous impurity can be selectively removed from g solution containing
a monocional antibody as the farget protein, using activated carbon, whea the pH of
the starting solution 15 broughd o be close o the seclectric potat of the undesirable
protein or proteinaceous impurity, In contrast to Examples 4 and 3, the muodel
imparity heee is ysogyme,

FO0TIR] A sohution containing MAD I monnclonal antibody and 200,000 ppm

fysorvme was tregted with activated cavbon st pH 4.0, 3.8, 6.0, 7.0, 3.0 and 9.0 wader
static conditions o demonstrate that bvsoryme can be selectively and sffivientdy
removed from the sclution nsing activated carbon when the solution pH s close to
fysozyme’s isoeleciric point,

001261 A 10.0 mgiml solutien of MAD I moncclonal antibody was dinlyzed into
water to remove buffer salts with diadysis tubing (Standard BC Diabysis Teial Kus,
RpeciraPor® 123, 35K MWCO, 3 mm FLAT WIDTH, serial number 132725,

A portion of the

Spectrum Laboratonies, Ine., Rancho Dopsngues, €&, 80220 UL
dialyred MAR [ solufion was then concenteated to using Amioon Ultma-13 Contrifagal
Filter Unita (3 kDa, catalogue Number: UFCS00324, EMD Millipore Corporation,

Billerfon, MA, 01821, USAL The concentrated portion of the selution was
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revontbined with the rest of the dalyred MAB 1 solution o give stock solution with a
conceniration of 1.0 mg/ml. The MAB I steck solution was then filiered through a
(.22 pm membeane (Sterieup-GP (.22 pm Millipore Express PLUS membrane, 250
mi, catalogue sumber: SCGPUGZRE, EMD Millipore Corporation, Rillerica, MA,
Q821 USA)

{12 80 mg ol Lysoryme from chicken egy white (:98% SDS-PAGE, product
pumber L4919, ot sumber HOOMIBSTVY, Sigma~Aldrich Corporstion St Lonis, MO,
63103, LIRAY was dissobved tnto 30 ml of the 100 mg/mb MAB solution, The
stock solution was Bltered through a (.22 pm membrane (Sevioup-GP 022 pm
Millipore Express PLUS membrane, 250 mL, cstalogne nunber: SCGPUGIRE, EMD
Millipore Corporation, Billerica, MA, 01821, USAL

001221 A centrifuge tube for pH 4, 5.0, 6.8, 7.0, 8.0, and 8.8 was lvaded wath 10
mg of Muchar HEY activated carbon {MeadWestVaco Corporation, Richmond, YA,
USAY Scparsie 15 ml centrifuge tobes for pH 4.0, 5.0, 8.0, 7.0, 84, and 9.0 were
used a8 controls with no activated carbon. 2.5 mL of buffer at the appropnate pH (80
mbd acetate for pH 4.0, 3.0, 6.6 ¢r 56w Tris for pH 7.0, 8.0, 2.0) was added to cach
wbe, 2.5 mi ofthe stock solution containing 100 mgiml of MAR {and 2 mgfml of
bysozyme way added to each fube. The rosulting solutions had 5.0 mg/imb of MAB §
L0 mgiml lysozyme, and 8 butler concentration of 25 mM. The tubes were allowed
o rotate for 20 howrs.

FO01231  The tubes were subsequently subjected © ventrifugation and the
superngtant solotions were filtered through a 8.22 micron membrane {Millex -GV (22
micron Filter Unitt Durapore PYDF Membrans, EMD Millipore Corporation,
Billerica, M4, (1821, USA) in order 1o remove any activated carbon particles that
might remain suspended in solution. The samples were analveed by analyncal size-

exclusion chromatography {nstrument: Agilent 1260 HPLT; ColummTosoh

Biosciences TSR -Gol Supor SWIGG0: Mobile phaser 0.2M sodiwn phosphate pH 7.8
flowy vate: 8.3 5mPmin, isoorstic gradient, 13 min nun Ume! wavelength of UV

detector: 230 nmy; temperature; 25 degres ) The recovery of each protein was
calenisted based on the A230 areas mwasured in the HPLC peaks.

(01241 This Example demonstrates, a8 summarized in Table V1 and Figure 4, the
unexpected finding that bysezvme, whicls is classified as au impurity m this case, i
sfficiently and seleptively removed from the monocional antibody containing solution

sehen the solation pH s newr the isoclectric poit of besozyme,. Accordingly, when

3
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the solution was at pH 9.0, whick is close to the isoeleciric point of lysoryme {te, pl
11.2-11.3), .47 LBV of the lvsoryme was removed. In contrast, only 808 LRV of
the tysezyime was removed by activated carbon gt pH 4.0, which is further away from
Iysozyme’s isoelectric point.

[001251  The graph in Figore 4 shows the log reduction valoe {LRV} of lysozyme
removed from g monoclonad sntibody (MAD ) solution treated with sctivated carbon
atpH 4.4, 5.0, 6.0, 7.0, 8.0, and 8.0 under static conditions.  As shiown, the greatest
amount of Tysoryme s remwoved at pH 9.0 where the solution pH s closest o the
tysozyme’s isostectric point of 11.2-11.3, The graph demonstrates the upexpected
finding that sctivated carbon most effectively removes a protein from g monocional
antibody solution when the solution pH s near the isoelectric point of the profein o
be removed.

[00126]  Accordingly, this Example, together with Examples 4 and 3, demonstrates
the novel and unexpected finding that activated carbon can be used 0 remove a
proteinaceons tmpority from a solution comtaining @ protoin of interest by
manipuiating the solation pH such that i is close to the soelectnic point of the
HRpUrity,

Table ¥, The recovery of monoclonal antibody MAD 1| the concentration of

bvsozyme, and the LRV of lysozyme removed after solutions composed of 5.0 mg/mL

MaAb I and 1.0 mg/ml of tysozyme (200,000 ppm) werd treated with sctivited carbon
gt pH 4.0, 5.0, 6.0, 7.4, B4, or 9.0 under stalic conditions.
lysoryme o
_ i LRV of
pH  recovery of MAb ] concentration
) fvsazyme
{ppa}
4 20 167,222 4.0%
3 G804 FE9.387 .22
& R 100,302 §.3¢
7 {EY 8R3&1 .35
& 9% 81,721 .38
Q it 43 &7,355 Q.47

ek
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Example 7. Optimal solution pH for the removal of a protein from a mixture

containing 8 monocional antibody

[00127]  This representative example demonstrates that a model proteinaceous
tparily can be selectively remsoved from a solution containing s monoclonal
antibody us the target protein, sing activated carbon, when the pH of the starting
sedution 18 brought to be close to the isoetectric poimt of the proteinaceous impurity,
In conirgst to Examples 4, 3, and 6, the model impurity used in this example is BSA.
[OGI2R] A solution containing MAR T monoclonal amifmdy and 100,000 ppm BSA
was treated with activated carhon st pH 4.0, 5.0, 8.8, 7.0, 8.0 and 9.0 under static
conditions o demonstrate that BSA can be selectively and efficiently removed from
the solulion using activated carbon when the solution pH s closs 10 BXA s isoelectric
point.

{00129 A 100 mp/mi solution of MAR [ monoclonal antibody was dialvred inie
water to remove bafler salts with dialysis tubing (Sandard RC Dialvseis Trial Kits,
Spectra/Por® 123, 35K MWCO, 3 mm PLAT WIDTH, serial number: 133728,
Spectrum Laboratories, Ine Rancho Dominguer, CA, 90220 UISA). A portion of the
dialyzed MAB I solution wes then copcentratest to using Amivon Ltra-15 Contrifugal
Filter Linits (3 kDa, catalpgue Number: UFCR00324, EMD Millipore Corporation,
Billeriea, MA, 01821, USA}L The concentrated portion of the solution way
recombined with the rest of the dialyeed MAB 1 solution, resnlting in a stock solutinn
with a concentration of 100 mg'mi. The MAB I stock solution was then fillered
through a .22 jon membrane (Stericup-GP 022 o Millipore Express PLUS
membrane, 250 mi, catalogue number: SCGPUGIRE, EMIY Millipore Corporation,
Billericg, MA, Q1821 USA)

(001301 40 mg of Albumin from bovine sevunt {398% SDS-PAGE, product rumber
ATH06, lot number SLRCO84TY, Sigma-Aldnich Corporation 81 Londs, MO, 631

LISAY was dissolved inte 40 ml. of the 10.0 mpfml MAB I solution. The stock
sobution was Aleved through 8 0.22 pm membrane {Sterfoup-GP 822 (o Millipore
Express PLUS membrane, 2330 mib, catalogue number SCGPUGIRE, EMD Mitlipore

\

Corporgtion, Billericg, MA, §1821, USAL

0131 A contrifoge tobe for pH 4.0, 5.0, &0, 7.0, 3.0, and 9.0 was loaded with 18
mg of Nuchay HE activated carbon (MeadWestVaco Corpovation, Riclunond, VA,
USA) Scparste 15 mi contrifuge tubes for pH 4.0, 3.0, 6.0, 7.0, 8.0, and 8.0 were

ased as controls with no activated carbon, 2.8 mi of butler at the appropriate pH (3¢

Lpd
(¥S
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mM scetate for pH 4.0, 5.0, 6.0 or 50 M This for ;’3} 8.4, 9.4 was added to each
tube. 2.5 mi. of the stock solution containing 10.0 mgﬁ’mL of MAB land | mp/mil. of
BSA was added to cach tubs. The resulting selutions had 3.0 mg/mE of MAB | 0.5
mghml of BSA, and a batfor concentration of 23 mM, The tubes were allowed @
rotate for 28 bours.

[00132]  The tubes were subsequently subjected to centrifugation und the
supemnatant solutions were fillered throngh 8 0.22 micron membrane (Millex-GV 8.2
mioron Filter Linit Durapore PVDF Membrane, EMD Millipore Corporation,
Billerica, MA. 01821, USA) in order 0 remove any activated carbon particles that
niighi remain suspended o solalion, The samples were analyzed by analyvtical size~
exchusion chromptography (hustraments Agilent 1260 HPLC! ColumnTosoh
Biosciences TSK-CGel Super SW3HY; Mobile phase:s 0.2M sodiwm phesphate pH 7.6;
How rate: 035l min, isovratic gradient, 15 min ron tme; wavelength of UV
detector: 230 ooy tempeature: 23 degree O} The recovery of each profem was
caleulated based on the A230 areas messured in the HPLC peaks.

JO0133]  This example denonstrates, as summarized o Table VH and Flgwre 5, that
B8 A, which is wsed as a projeinacepns impurity in this case, is efficiently and
selectively removed from the monoclonal mtibody ontaining solution when the
solution pH is nesr the isoelectrio point of BRAL Accordingly, when the solution was
at pH 3.0, which s close 1o the txoelectriv point of BSA (Lel, pl 4.9, 040 LRV of the
BSA was removed. In contrast, ondy 0,06 LRV of the BRA was removed by aetivated
carbon af pH 8.4, which is further sway from BSA s isoekeiric point.

{00134]  The graph in Figure 5 depicts the log reduction value IRV of BSA
remeved from a moneclonal antibedy (MAD D) solution trealed with activated carbon
gt ph 4.0, 3.0, 6.0, 7.0, €0, and 9.0 ynder static condittons. As shown, the greatest
amount of BSA was romoved &t pH 3.0 where the solution pH s closest 1o the BSA™s
isockeetric potnt f 4.3, The graph further supports the anexpecied result that
activaied carhon most effectively removes 8 protedn from s monoclonal antibody
sehution when the solaticn pH s near the isoelectric powt of the protein o be
removed.

F135] Acvordingly, this example, gother with examples &, 3, and 6 domonsirates
the novel and nnexpecied finding that sctivated carbon can be used to remove a

profeinaceons impurity froan a solution containing a protein of uxerest by
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manipulating the selution pH such that # is close to the isoslectric point of the
inpurity.
Table VIL The recovery of monocional antibody MAD L the concentration of BSA,

&

and the LRY of BSA removed after solations composed of 3.0 mg/mL MAbTand 0.3

)

mgiml of BEA (100,000 ppay) were treated with activated carbon at pH 4.0, 5.0, 6.0,
7.0, 8.0, or 9.0 ander static conditions,

_ BSA vencentration LRY of
pH  recoverv of MAb I

{ppm)} BSa
4 990 51,103 B
5 99% 19,565 1,40
6 GO, 37,960 0.4
7 G99, #5014 .15
8 99% 86,508 0.06
G 499 87,149 0.06

Example 8. Selective removal of evtochreme C protein from a sohation of g-

factalbumin wsing several diffcrent fvpes of setivated carbon

FOU136]  This representative example demonstrales that the methods desoribed herein
can be successfully carried out using several differcat types of sctivated carbon.
(001377 A solution of w-lacialbumin with 100,000 ppm of evtochrome € used s a
made! proteinacecus impurity, was tregled with several different types of activated
carhon at pH 4.0 and pH 9.0, This example demonstrates that several different types
of activated carbon can be used 1o seloctively and officiontly remove a profeinaceous
tmpurity from a sample containing 8 target protein by choosing a solution pH close to
the isoeleciviv point of the proteinacenus Impurity.
FO0138] A soludion was prepared using 8300 my of e~-lactatbumin frormy bovine mfk
{>85% by PAGE, product number L3385, fot number | HMTOO3V, Sigma-Aldrich
Corporstion, St Louts, MO, 63103, USAY 80 mg of eytecivome U from eguine hoard
(2R3 by SDS-PAGE, provduct number C2506, lot number 84H7135 Sigma-Aldrich
Corporation, 81 Loudy, MG, 3103, USA) and 80 mi of water. The protein stock
solution consisting of 10.0 mg/ml of o-lactalbumin and 1.0 mg/ml of eytochrome €
i water was then filtered Yeongh 3 622 pm membrane {Stevoup-GP 22 pm

Millipore Expreas PLUN membrane, 250 mi., eatslogue number: SCGPLHRERE, EMD

Millipore Corporation, Billevion, MA, BI821 USA)

iy
L]
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[00139]  Three 15 mi contrifisge tubes at both pH 4.0 and pH 2.0 were loaded with
gither 10 mg of MeadWestVaco Nuchar HD activated carbon (Mead WestVaco
Corporation, Richmond, VA, USA), 19 my of Norit Darco KB-G sctivated carbog
{Norit Americas Ine., Marshall, Texas, USAY or 10 myg of Novit CGP Soper activated
carbon {Norit Amerivas Inc., Marshall, Texas, USA) Three separate 13 ml
centrifuge nbes ot pH 4.0 and pH 8.0 were wsed as congrols with no activated carbon,
2.5 mb of buffer ot the appropriate pH (30 miM acetate for pH 4.0, SO mM Tris for pH
2.0} was added 1o each tube, 2.5 mi of the stock protein selution having 10.0 mg/mL
of -lactathbumin and 1.0 mgfall of evtochrome € in water was subseguently added w
ach tube. Thiz gave a solution with S0 mg/ml of a-lactalbuntn, 0.5 mgdmb of
eyvtochrome €, and a buffer concentration of 25 mM. The tubes wers allowed 1o rotate
for 20 houss.
{00140]  The tubes were subsequently subjected to centrifugation and the
supernatant selutions were filtered through & 0.22 micron mombrane (Millex~GV .2
micron Filter Unit Durapore PVIP Memdbrane, EMD Millipore Corporation,
Billerica, MA, DI821, USAY in order to romove any auiivated carbon particles that

mght rensain suspended in solution, The samples were snalyeed by reverse phase

]

HPLO (lstrament: Agilent 1290 UPLE, Coluran: Higging Analytical Targa U118,
Mobile phase:r Solvent A~ 8.1% nifaoroacetic actd in Milh(Q) Water, Solvent B -
{3.1%% tritlooroacetic geid in 100% acetomtrile (HPLC grade), flow rate: | mbimin,
gradient: 0-13 min, 3%6-95% B, with 1} minpie post-time o re-cquuitibrate cohimm,
wavelsngth of LIV det 0230 nny (530 nm reference, tomperature: 23 7O The
repavery of the proteins was calonlated hased on the areas mwasured i the HPLC
paaks,

[0G1411  This example demonstrates as sununarized in Table VI that ovicclrome
C, used as 3 mosde! impurity hevedn, can be selectively and efficiently removed from
the soluiion containing a-lactalbumin at pH 9.0, which is near the soelectrie point of
evipchrome € {pl 10.0-10.5) using theee ditferent types of activated carbon tested. In
contrast, very Hitle of the evtoctrome C npurily is removed from the s-lactalbumin
solution at pH 4.0, which iy much further away from the woelectric point of
evtochrenme O in case of all three types of the sotivated carbons tested,  Accordingly,
this example demonsirates that the atality of activated carbon to romve protein
impurities is not Himited © a specific type of sctivated carbon, but applies generally i

8 variety of differcat sutivated carbon types,

3
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Table VHL The concentration of eyiocteome C relative 1o a-lactatbumin i ppm
remaining in sohution afier freatment with severad different types of sctivated carbon
at pH 4.0 and pH 8.0

concentration of

2L <, v Y .
type of sctivated carbon eytochrome C {ppm)

pH 4.8 pH 9.6

control {no activated parbon} IREIRES 100,000
Mead Westvacn Nuchar HD 87,247 {}
Naoriy Darko KB-(G 9221 {
Nowtt OGP Super 92,766 &

Example ¥, Selective removal of evtochrome € profein from g solution of o-

lactatbumin fHowed through a packed columnu of setivated carbon

(00142} This representative example demonstoaies that the methods described herein
can e carried out in a flow-throngh dynamic mode using activated carbon packed
o a device, As demonstrated berein, activated carbon can be used to selectively and
efficiently remove an undesirable profein or profeinacecns impurity from g saple
containing a targed profein by choosing a sohution pH cloae to the isoelectric point of
the undesirable protein or profeinsceous Impuetty under dyvnamic Sow-tlwowgh
conditions.

(001431 A solution was prepaved using 1300 myg of o-dsctalbumin fom bovine milk
{=83% by PAGE, product mumber LS3RE, lot number TTOMTO03Y, Sigma-Aldrich
{I(}m}reﬂimm St Lowia, MO, 63183, USA), 150 myg of eyvtochrome € from equine
heart (295% by SDS-PAGE, product sumber C2306, lot number 8HTIAS Rigma-
Aldrich (fmpmatimm St Louts, MO, 83103, USA) and 150 mb of water. The protein
stock solution consisting of 106 mg'ml of e-lsctalboosn and L8 mg/ml. of
evtechrome € in witer was thon Hiltered through 8 023 yn meembrane (Steroup-(GP

0,22 um Millipore Express PLUS membrane, 250 mi, catalogus number:

& sl

~

NOGPUGZRE, EMD Millipore Corporation, Billerics, MA, 01821, URAL

3

fO0144]  The stoek solotion af pH 4.8 was prepared by mixing ¢ 60wl porting of the

3.

stock sohution in watgr with 80 mi of 3 mM sodine acetate st pH 40w glve a
sedution with 5,0 mgdmb of o-lactsibumin, U3 mghal of oytochrome € and 25 mM
acetate at pH 4.0, The stook solution at pH 9.0 was prepared by mixing a &lm

portion of the stock solution in water with 80 mb of 38 mM Trisat pH 2.0 10 give a

fas
o
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schution with 5.0 myg'ml of e-lactslbunun, 0.5 myp'mb of evtochrome €, and 25 mM
Tris at pH 9.0, The stock solutions were then filtered through 2 §.22 pm membrane
{Stercup-3F 0.22 wm Millipore Express PLUS membrang, 230 mil, catalogne
munber: SCGRUGZRE, EMD Millipore Corporation, Billerica, MA, 01821, USA).
{0145] Two glass chromatography columums (Omnifit Benchmark Coluom 18
sund FO0 mmy, 10 num dismeter, 100 mum length, SKU G06BCC-IG-10-AF, Diba
Industries, Danbury, O 06810, US) were logded with 200 mg of Nuchar HD
sctivated carhon (Mead WestVaco Corporation, Richmond, VA, USA) sturried in
water 10 give a packed column volume of 0.8 mi. The columns were packed by
fowing an agqueows buffer through the setivated carbon sturry, One column was
equitibrated with 25 mM sodinm acetate af pH 4.0 and the second was eguilibrated
with 23 mM Tris at pH 2.0,

{00146] 100 mb ofthe stock sohutions at pH 4.0 or pH 9.0 wore passed through the
appropriately equilibrated activaled carbon columns at 4 mb/min, resulting ina
residence fme of 2.0 mins in the activated carbon colomn followed by 12,5 mib of
haffer (25 mM sodiun acelate ot pH 4.0, 25 mM Tris at pH 3.0). Nine fractions of
P25 mi. were collected. The individual factions and a pooled sample of all nine

were submitied for roverse phase HPLO analbvsis, The samples were anabvzed by

reverse phase HPLC {(Irstraments Agilent 1290 LIPLC, Columan Higgins Analytical
Targa C18, Mobile phase: Solvenmt A ~ 301% uifluoroacetiv actd in MilliQ) Water,

Sedvert B - 0.1% triffuerpacetic ¢ ad in 1009 sectoniivile (HPLO grade), Bow rater 1

midmin, gradient: 0-15 min, %05 B, with 10 mimge post-time to re-equilibrate
eolumm, wavelength of UV detector: 230 nm (350 nm referenee, temperature: 35 °Ch,
The recovery of the proteins was calculated based ou the aress measwred in the HFLC
poaks.

1471 The rosults of this exanmple demonstrate, as summarized i Table X and
Table X as well as Figures 6 and 7, that activated carbon can be usad to selectively
and efficiontly remove an undesirable protein or priteinaceous impurity from g
sample containing a target protein by choosing a solution pH close o the isoelectric
point of the undesirable protein or profeinacecss imparity uonder flow conditions. The
flow-throngh removal of eytechreme O, used as 8 moded protemacecns imparly in
this example, from 1 solution containing a-laciallnwnin psing activated carbon was
highly dependent on solution pHL At pH 4.8 the cytochrome C broke through in the

very first fraction aleng with e-lactalbumin, In contrast, at pH .0, the breakthrough
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A ovicchrome O was nod observed unti! the seventh fraction when the column had

.Iﬂ

bu.,f} foaded with 1.0% kg of a-lactallvamin per L of activated carbon. The overall
recovery of g-lacialbumin calealated from a pond of the individual fractions was only
&8% at pH 4.0 while # was 84% at pH 9.0, Afler the solution was passed tdwough the
activated carbon cohumu at pH 4.6, the concentration of eyvtochrome C relative to a-
factatbumin was increased from 100000 ppay o 106135 ppm resuliing ina LRV of
cytochrome € of -0.03. To contrast, aler the solution wag passed i‘hrm.zgh the
activated carbon onluran at pH 9.0, the concentration of evtochrome O relative to g~
factalbumin was signiBicantly decreased from 100,000 ppan 1o 10584 pown resulting in
a LRV of eytochrome € of (.98, This example demonstrates that the tdeal solution pH
for increasing the pority of a target protein in a sample using sctivated carbon under
flow conditions is at v solution pH near the isoclectric point of the profeinaceous
inpurity or undesirable protein to be removed from the sample.

{D0148]  Figure & depivts the conpertration of oytochrome € and o-lactalbunin in
12.5 ml fractions that were collected afier a solution of 5.0 mgfmal. of w-lactalbumin
and 4.5 medml. of cyvtochrome C ot pH 4 was passed through a colwmn of activated
carbon. The graph demonstrates that the remov a,i of cyvtovhrome O from g
lactalbumin by freatment with activated carbon under How conditions is ineffective
hecmue the solption pH of 4.0 i further from the 10.0-10.3 isoelectric point of
cytochrome .

{00149 Figure 7 depicts the concentration of cvtochrome C and a-lactalbuanin in
125 mi fractions that were collocted after g solution of 3.0 mg/ml of e-lactalbumin
and 0.5 mg/mb of eytochrome © at pH 9 was passed through a column of activated
carbon. The graph demonstrates that the removal of evtoshomes C from a-
lactaibumin by reatment with activated carbon under flow conditiony ix effective
because the solution pH of 9.0 18 close o the G105 iseeleciric point of

eytochrome €

39
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Table IX, Concentration of oytochrome C and o-lactalbumin in mgfml for column

fractions collected, after g soluiion containing 0.5 mgfmi eytochrome C and § mg/ml

a-lactalbumin wie flowed through a eolunm of activated carbon at pH 4.0 or pH 8.0,

purification at pH 448 parification st pH 3.8
a-lactalbumin | cvtochrome _ _ ) X
] e-lactalbumin | ovtochrome € o-lactalbumin
loading on { _
‘ . concentration | concenivation concentration
activated | conecgntratio o v R o
e S {mgimi) {mg/ml) {mg/mL}
earbon {kg/l} | n (mg/miy
0.16 .22 118 {.00 361
.31 {50 4238 .00 444
.47 4% 4,59 HREL 4.67
08.63 .49 4,71 {00 4,78
0.78 0.5 4,84 060 4.98
1,94 .49 483 13.00 492
1.08 .54 4.91 g 488
123 4,49 4.87 .30 455

Table X, Concentration of oytochrome C relative io o-lactalbuanin in ppm for column

fractions vollecied, after a solution containing 100,000 ppm oytochrome Cin 3

mg/mb of g-lactalinmmin was flowed through 8 column of setivated carbon gt pH 4.0

or b 9.0,
loading of u-

Ixctatbamin on

sctivated carban

for fraction {kg/l)

pH 4.8 - evtochrome €

onceniration {ppm)

pH 2.0 - cvtochrome U

conceniration {ppm)

{16
{131
(.47
8,63
{L78
{154
109

125

182,846
117412
17,131
14,286
FO2R13
102,108
101,941
101,477

{
{

=

{

v

21,391

39840
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{0150 The specification is most thoroughly understood in light of the teachings of
the references cited within the specification which sre hereby incorporsted by
reference. The embodiments within the spectfication provide an llustration of
sapbochinrents in this mvention and should not be construcd 1o Himit its scope. The
skilled artisan readily recognizes that many other embodiments are encompassed by
this invention, Al publications and Inventions arg incorporated by reference in their
erttirety. To the extent that the material incorporated by reforence contradicts or is
invensistent with the present specification, the presert specification will supercede
any such material. The ciation of any references herein is not an admizsion that such
references are prior art o the present invention
{00151 Unless otherwise indicated, all rumbers expressing quantities of
ingredienty, cell culture, treatmenyt conditions, and so Torth used i the speeification,

including claima, are to be understood gs being modilied in all mstances by the term

“shout,” Accordingly, undess otherwize indicated 1o the contrary, the numerical
parameters are approximations and may vary depending upon the desired propertics

sought to be obtained by the presat invertion.  Unless otherwise indicnted, the term
“at least™ preceding a series of eloments is to be understood to refer to every element
in the series. Thoae skilled in the art will revognize, or be able to ascertain using no
mars than roptine sxperinemiation, many equivalems to the specific enbodiments of
the invention described berein. Sach equdvalents e intended 1o be encompassed by
the following claims.

FOUIS2Y Many modifications and varationg of this preention can be made withouwt
departing from iy spdrit and scope, as will be apparent 1o those skilled in the art. The
speetfic embodiments described herein are offered by way of example only and are
not meant 1o be Hmiling v any way, It i3 intended that the specification and examples
be commidered as exemplary ondy, with & trae seope and spirit of the lvention baing

mdicgted by the following claims.
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What is clabmed is:

1

b

fad

LE

6.

e

CLAIMS

A method of selectively removing of g protein from a sample comprising at

feast two proteins, the method covaprising the steps off

{a} providing s sample comprising &t least two profeins, one of which is 1o be
selectively removed;

{by adjusting the solption pH of the sample, such that the pH is within 2.0 pH
wnits of the isoclectric point of the protein to be selectively removed;

{¢} contacting the sample with gctivated carbosn, whereln the setivated carbon
hinds the profein to be seloctively retnoved; and

{d} removing the activated carbon from the sunple,

thereby resulting in selective romoval of the activated earbon bouad protein

from the sample.

A methed of increasing the purity of & fwrget protein in 3 sample comprising

the target protein and at feast ong undesirsble proteins, the method comprising

the steps off

{a} providing & sample comprising the target protein and at loadt ene
undesirable protetus;

{1} adjusting the sohution pH of the sampde, sucly that the ph s within 2.0 pH
units of the isoelectric point of the at feast one nndesirable protein;

{c} contacting the semple with activated cavhon, wherein the activated carbon
binds the af least one undesirable protein;

{d) removing the setivated carbon frony the sample, wherein the activated
carben 1s bound to the af least one andesirable protein;

thereby nereasing the purity of the target protein in the sample.

The method of claim 1, sherein the pH is weithin 1O pH unit of the wsoelectnic

point of the protein to be selectivady removed.

The method of olaim 2, wherein the pH s within L0 pH unit of the soelectric

point of the at least one undesirable protein

The method of clabm 1, whersin the protein which is selectively removed s g

profeinacecus EnNpUrity,

The method of clabm 2, wherein the ot least one wdesirable proteir is &

profelnaceous Ipuety.

The method of claim 2, wherein the target profeiy s an samunoglobulin,
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8. The method of claim 7, wherein the immunoglobulin is a monoclonal
antibady,

Q. The method of claim 7, wherein the tmmunoglobulin is a polvclonal wtibody.

10, The method of claim T or 2, wherein the removing step comprises filiration or
centrifugation,

HL The method of claim 2, wherein the targst protein is 8 recombinant protein,

The method of claim 2, wherein the purity of the target protein is increased by

]

at least M, or al least 6%, or at least 70%, or af least §0%, or at least 0%
OF MOTE,
13. The method of clabm 1 or 2, wherein the sample comprises a cell culture feed.
14, The method of cladm 13, wherein the cell Qulture feed is 1 CHO cell cultnre
feed,
15, The method of elaim 1 or 2, wheretn the sample comprises & protein expressed
iy a mammalian expresaion aystem,

The method of elaint § or 2, wherein the sample comprises & protein exprossed

_c\,

i a non-mammalian expression system.

17, The metluad of claim | oor 2, wherein the sample iy subjected 1 a clarification
step prior to the sdjusting step.

18, The method of clam 17, wherein the clanfication step iy selected from the
group conststing of ventrifugation. settling, depth or sereen fltration,

complexing with Hocculands, and pH change.



