STIMULUS RESPONSIVE POLYMERS FOR THE PIRIFICATION QF

BIOMOI ECULES
Priority Dsin
U The present apphication choms the benefit of prionty of U8

Provisional Patent Application No, 81/393,76%, filed on May 17, 2010, the cative

cantent of which s incorprated by refivence havedn in s entives.

Field of nvention

{o0aal The prosent invention relafes 6 polymers usefd for protein
pariffeanon, o partionfar, the prosoat mvention religes, af least io pard, o stmules
responsive podvimers wseful for the purification of & target maleonde from a sample
contaning the target nudevule and one and mors fupurities,

Backeroun

{00031 Efficiont and eoononsio large svale purification of omsdecules such
as, £.g., urapeytic proteios including antibodies, is an nersasingly imporiant
consideration S the bidechnoiogy and phameceationl industries. Generally, the
parification progesses are quite elabomte and expensive and inchade many difforem
steps. For example, typivatie, in the case of proteing, proteins ave presfuced asing cedl
cultary methods, €8, using oither nammalian or hacterad coll hoes sngimeersd o
wosduee the proteitn of tterest by insertion of 8 recombingn plassaid contairung the
gens vncoding hat prodein In general, following the axprossion of the Warget prodein,
iy separation fromn one or more andesired conponents ctuding, €., bost cell
protuins, medi eproducts and TIKA, poses 3 fmidable challenge. Suh sepatation

i3 especially impoviant when the therapeutic proteins are mvant for wse in hanmans and

have o be approved by the Food sad Drag Administration (FDA)



{04} {n general, separation andfor purification provesses that are coermndy
betng used for proteins, inclide at Josst the following steps: soll frsis o revovey an
mnvaceitalar protein or recovery of a protein Hom the madia S vase of a secrsiad
prestelny; vemnovad of cells and celhular debos using differentind vonerifugation on filtration
fr obtain a clanified saople containing the protein of intorest and use of & varisty of
chromatography media m & multbglep process 10 supavale & protein of intevest o the
virious impurines 1o the samypie.

RS Yarions tvpes of polvmers, nchidhing polyslectinivies, have boey
eraphoyed in one or nuve steps for the purificatisn of biomoelsoules, especialiy proteias,
Fowr oxample, the use of polyelectinlytes in focculation b purily prodens i well
eotablishud (sen, o.g., International FOT Patont Application Ko, WOZODR/G8 1 T4y,
This can be accomplished with o wide minge of polymurs, with the only reguired
peners] chamgteristio being the pelvimer oiust have sume lovel of interaction with g
species of mterest fe.g., & twrget molecule or an npurity). The most covenuwn
mothodidogy is the use of polymers containing W spevivs, such as polysdentrolyteon.
Cienerally, polyelecivolytes are sabded 1o the protedn wiktare and purification s achievsed
via selestive Hoovulstion of one or mere compyments of the suixturs. A seiticsd
duawhack of this approach is that carefully controlled levels of pubvelecirolyies have o
be gdded 1 order to avioid residun] polymer comtammation (.., when polbvag lovel
wwe highy or ineficient Bocondation {e.g., when polymer level o lnvs. Because fon
sxohange and sber charged clvomatography medin sre copusonly used I the
purification of proteins, residhal polyeloctrolyies can potentially bind to the modia used
i downstream purification steps, thereby Sniling and complicating the prcess,

{0006] Recently, tochnology has been developed which overzemes some of

the challenges associated with the use of polymers fur punification of bismolecaiss {ses,



£, Intemational POT Publication No, WO 20084078302 AZL For exsmople. stimulas-
rosponsive o “Smat™ polymers have been developed which can biud to both soluble
{e.4., bost coll proteins, DNA, cell culture additives) as well s fnsoludle {e.g. colls and
cellelar debris) components (see, e, US Publication Nus, 200882583027 and
I60VO036651), Although stionttusresponsive podvmers shoaw great promsise in pensral,
i key challunge that faces 2 broad ase of sach polymers is the axistence of & stmple
stinius which may be implomented st @ variety of seales, runging from labosatory

seitde to targe production scale.

Sumprary of the Invention
10007 The present nvention provides movel polysiecirolvte basid stimulus

rusponstve podymers which are easily acalable and operate over g wide vange of pH and
conductivity, thereby snabling thedr use i the purification of o wide gray of
omolecuies including, ©.g., therapautic proteins.

{00081 In sovme embodimants according to U pressnt invention, 8 stinmdos
respnsive polymer conywising a polvelectrolvte baekbone congyising one oy muns
hudrophabic groups i providhd, where the polymer is capable of binding and
precipiating s biomoleeule of interest ina sampls following the addition of 8 stiowlus.
{0009 In sorse embodiments, the polyelentrolyte backbane of o pulymer
aceording to the present inveniion comprises at keast two meonomsric anits s at keast
thiee monomeric nty. In sons smbodimends, at loast 30% of e monomeric unils
comprise a vharge. In other embodiments, each monomeric wnit of the polvalectrolyie
backbone comprises a charge,

00101 In some embidiments, a stirnols responsive polymer scoording to the
presernt invention crvptises a podyvaming backbewte.  In some ewnbodimentds, one or

more hydropholic groups s a phenvl group,



HEHBS The stimelus responsive polymers according to the present fnvention
arg usefud for purifying a desived target molecule and do 5o by sepamiing the desired
warget molecale from one or morg undesiable enbities pressut in a sample along with
the desired target moleculs.
HE Acrordingly, in some embodiments, & stimalus responsive palvmer
secaniing fo the presest mssntion hinds and precipitates 3 IMomaoleonie of interest,
which tself is the desirable target molecale bound and procipatated by the sthmolas
ssponsive palvmer. In other exnbodirnents, 8 stivwus responsive polvmer binds and
procipiiates o blomelecule of mlerest, which s an andesitable entity present s sanyple
wlang with the desirable targel melecule.
SCHRE T sonw vinbodiments, the bimookicuie of inderet fs n therapoti:
padvpeptide (Le., the desirably target moleeunle), n somy wnbodbments, the therpeutie
polypeptide i an antiboady {0.g., @ monocional sntihady).
(0G4 in other ernbodiments, the biomolecale of Guterset i selecied Hom ihe
group consisting of host coll protain, DINA, RNA, Hpids, virses, endotoxing, sl
cultwre additives, whole cells and cellular debris,
[O 5] In some embodiments, 2 polymer avcording to the present invenibn s
FERPONRIVE (0 a stimuhes whdch is 8 complex formung sait,
fo g Also encompassed by the present invention are methods of using the
potymers deseribed herein. The straulus responsive polyiners are anique and vesdive
over the polymers described in the prior art, in that they supplant or mprove upent ong
S moTe steps it & puriliotion process, thereby to substantially crease the oversil
purity of g target molecide desived to be punfied or soparated fom e o more

undesirablo ontities.



W

SHOIEPUOT JO 158 pUOse v 1apun Apdoes wg o) snpmuns e Sugge (0) puw sonundun
auom o s s pue eswdiod go xardued v uaog o) Agorny Ssopundin o i aus :p
Py 01 3mased S 507 SQRUNS SHONIPUOD JO 195 ISH] 7 IDDUS dUOQYIRG MY 0} poydege

sinoad spogdoap g axow 30 aso Sumsudwon uogong aidonsaesnd ¢ Busudu

Wudiod aspsuodsor supaus v g apdures o Segoniuos {q sonumdu 210w 30 sw
puw aposso 1 v Resudwon spdues » Bopraond (o) Jo sdoys o sosuduns pogpsn
v gons CSdmpansoy anoep pfim oy jo Sund mp oseaidur 01 Agoamp sonpmduas
BN JUL P WY apfoaou e Wi o voneiedos My W synsar sanandun

Qe s sun paw amediod mp go xepdaoeo v jo sonepdoant s oy oo

ey mp fo prapsas sepundiar mowr Jo ouo exmmivost pue spuig vonuaag wosaad

oy oy Tnpronor 1a0ijod aamnodss SHEHENS © JUOHPOGIID SN 1y Isiond
wapdaten g

way snsagous S ¥ Suaeaosn 1o dags oy sosudinod IYIRY POIHONE 31 Bonuan
sasaad oy 0 spoIvws | 1 NUPANBIE QRMUPEGIIG QWS ) I8 100
dfnowont Jadie

S 3 Agnd o aseaaony 01 Agusogl saandan 21081 30 540 WO SRosr i O o
vonzielos wy u sgases yophaos oy jo eonendionsd M SRR HORNOR Joans xyduie
A1 A 01 QREERLY SUDIRPROS 0 108 PUOBGS ¢ Tapurt apdures oyl o supune

& Suippe (07 pus Snaspows el sy pur sedpod jo xopdwod ¥ w0y ¢ Agdrap
THORNGE § OPGHERQ W0R) 9 pUig 01 Ao S 0] HIQRIRY SUGHIPIY 19 1 g
 A0pU BuoEyoeg By of prgarpe sdeorl sroydorpAy cro a0 ouo Fuisudues suogiang
alfjareradyed e Ramuduwon st aarsuodsar synains v gy spdares oyt Sugswuos
{3} Bapundu 2uns 0 suo par spxopsar e ¢ fwsoduee ydwes e Supaoad

{5} g0 sdos mp seaadioos poGIREL M) WAMYM “popiaud 81 ooy el v jo

Siund ogn Toseon (O POESE ¥ GANUIpoqis muos i Eupiooay {iran]



suitable to precipitate the complex, whers the precipitation of the conyprier reselis nthe
separation of the target molecale from ong or move ympunties, thereby 1o wnorgase e

pority of the arget moleeule,

{24 in some grabodiments, g stimulus responsive polymer according b the

present fnvention congrises the fullowing stracture:

where ¥ and v represent nwmorneric wnits of the polymer By sod Ky s oliarged gooips
shich fornt a pavt of the polvelectrdyte backbone (B and K s a hydeophobic growp
attached to s charged group in the hackbone. The mtio of ¥ moncmerie wils (e,
baving a hydropbobie grosgs attached to the baskbone) ty the total member of
awmmens units (e, san of X and v meowsaerio unis) repasents the “puroent af
hydrophitde madifivcation™ of the polymer,

a2 In some embodiments, o stimnulus responsive polvimer acoording & thy
i & #

LS

sresent fivention conyrises the fillowing structure:

where x, v and ¢ arg monomeric units in the polymer; By, By and Ry are charged groups
which form a part of the polyelsctindyie backbons (B R4 15 a hydropbobic group

attsched o a charged group in the backbone; and Ry is a functionad group attached o g
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mocdifioativn: evond be bobwesn 196 & 759 or between 3% to 78% of the told
polvelectrolyie munmomerie units e, 1+ ¥)

0241 {n yet soher embodimenty, » stimulay responsies poelymer according o

the present invention comprises the following structwre:

wb
Ky Ff’ Ry
Ry Ry

where By, Ry and By sre aliphatic andoe groups whish forms x paey of the sarbes
gontuining polyelectrolyte backbeaw (o, primary or spcondary smines sndior asonatic
anginesh Ry s a hydrophobde groep contaiining 4 or more csalsn stoms and selected
fron adkenyl, argdkyl and aratkeny! groups: and R iv a hyshrophaisic group comtaining 4
ot mote 4 carbon atons and selected froan an alkyl o a Huorocarbon grovp, The ratio of
¥ monumenis anits o the totad number of polyelorirolyie moepomerle anits is betwaen
.0 and .75, The ratio of ¥ monomeric units to the tolad nember of polvelectrolyte
menomeniy winls 1s between .05 ansd 0.5 or bebween (.01 and 0.5, Rvoordingly, the
percent hydrophobic grovp modification is between 1 % and T8% or between 3% and
TE% and the percent functiona! group modifiontion s between 19 and 30% or botween
5% and 50%,

[0Q24] Additional methods of using the stimuhus rosponsive pobviners
sccording to the present imvention include methods whivh enable the purifiotion of 2
srget molecale or product of Buerest (2.2, an stthody) wisle nunimizing the amount

of reqidual polymer in the sample.



RS 1 some embodiments, s method of separating o twget moleouie feg.,
an antibody) from one or more impurities asing & stiroulus responaive polvmer
acvording lo the present nvention while mimnuzing ressdual sysounts of polymer s
provided, where the method comprises the steps oft (a} providing a sample comprisiig a
gavet moleoele and ong or mors bopurities; () contacting the swaple with @ stimuha
seaponsive polvmer ander s fivst set of conditions suitable for the pelyvmer o bind the
o oy e Tmpurities, therehy to fom g Brst complex of polyiner and ope or moge
anpurities, where the Hrat set of conditions comprise adjusting pH or salt concentration
of the sample befiare or afior the adilition of the pelymen {0} precipiating e feg
cornplex from the sample vader s sevomd set of conditions;, (d) contacting the sanple
with a multivalent lon, therehy t form g seeond complex of residal polymer and
muhivalent lon; (o) precipitating the second complex and {13 recovering the targs
meferule fron the swople; thereby 1o separate the target moleouie from one or morg
wpurities in the swople while reducing the anount of residual polymmer n the samphe
{00271 In soone embodinments, the larget wolscale s anantibody, Tnag
particular smbadhmen, the wtibody & monoclonad antitesdy,

JOGIRY I a partivalar embodiment, recovering the terget mokeule i vagous
methods according 1o the present invention comprises a chromatogeaphy step. In
auather embodiment, recovering the trget molecule comprises a Slration step.

29 {11 some ernbodiments, rethods sceording fo the prosent swention may
inwelude two or miore steps which employ a stimalus responsive polymer according to
the invention, For example, a stimulus responsive polymer may be used i procipiiate
one of more impuriies in one step of the purification process and sanwe o different
polymer may be used 0 precipitate 2 targst molecule or the desired praduct fn a

different step of the process,

&



{030} In some embodiments, the ong o mors inpurities 18 selected front the
e comststing of host cell protein, DNA, BNA, antibody aggregates, viruses,

endotoxing, whole cells, colhdar debris and cell cubure additives.

LEIRE Figure 1 Is a schomatic depicting the reaction of & pelvalivhamine
pobviner with beneylohloride

00321 Figare 2 depisds the regotion scheme for hexanoio acid and tart-butyd
madified polvaliviamine (HULBuMPAA)

fO033] Figare 3 is & graph deploting the sffoct of sodium chloride on the
multivalent fou sthoahes and pH reaponsiveness of hesanote acid sud tort-batyd
modified polvaitviamine (HOCBuMPAAY. The Xuess depiots pH and Yeaxis depivts
turbidity of the contrate (1., outpot of a ventnifuge).

100341 Figure 4 depiots the synthesis of polyvinylamine, as desorbed w
Exanmple 29,

(00351 Flgur § dopiots @ reavtion for the deprotection of polyamine after

prdymarization.

EERISH Figure 6 depiots a reaction of polyvinviamine with bovzyiehlonide |
HEERYE Figore 7 depicts & polvmerization and weaction scheme b forma

muitivalent ton stimmalus respumsive copolymer,

PII3E] Figure & depicts an NMR speetrum o miodified polyvinylamine
(FVA) from Example 35, Integration of the TH NMR shews Benay! modification fevel
ssf abonst 1E%,

[O039] Figure 9 depicts an NMR spectram {for mogified polyalfvhamine from
Example 36, Infogeation of the TH NMR shows benzyl muschSeation fovel of alwast

33%

10



§fi§§a‘éi}} Figare 10 dopiets a groph demumstrating the effvot of polymer dosing
for g non-stimuins responsive polviaer {e.g., chitosan) and a stinnslus responsive
pobymer fo.g., benzyl modified polyalivlamine} on contrate turbidity. The Xaxis s the
palymer dose (wite) and the Y-axis iy the contrate turbidity (INTL, as described in
Example 37,

o Figure 11 deplots o graph demonatrating the effsct of polymer dose in
the presencs and absenve of a stimalug fiv 2 boreyl polyaliviamine stnndus respovsive
solymer, The X-axis is the polymer doss fn with and Yeaxis is the contvate harbidity
ETUY, as doseribed in Example 338,

0421 Figare 12 dopicts a typieal scheme used for the parification of
Bomalecules.

foa4d] Figors 13 depiots o parifivation scheme ingloding 4 sthoehas responsive
polymer asad & improve the shisrification of the velf colture. The stinsulas responsive
polymer repves one or more impurities, however, the polymer dogs not bind the
dasived torget nlende,

[0044] Filmre 14 depicts a purification scheme tncluding & stmualus responsive
polymer ased o toprove the elanficaton of the cell culture. The stamulus responstvy
polymer remesves sue or more mypurities via flocculation, however, the polveser doss
not bind the destred target molecule and the residual polymer is removed by adding a
sthmutos after clarficabon.

U Figare 15 depiets a punification seheme including a stimalus responsive
polvmer usad to improve the clarification of the cell vuliure, The stimules rosponsive
polynier TEmoves ong o more impurities, however, the polymer does not bind the wrpst
molecute and the residaal polymer is removed by an additivnal adsorptive Sltvatiog dep

following clarification,



Betatled Deseriptiom

F0046] The present invention provides, at least in part, a novel and dmproved
stimulus responsive polymer conyprising & polveleetmiyte backbone modified with one
or move hydrophobic groups, where the polvmer solubility can be aitered by the
addition of a xtimaluy,

00471 Thi stimulus responsive palymers and methods of vaing the same
daseribed herein are more offiviont than those desertbed in the prior agt, in thay, they
provide an improved vange of pH for purification of dosired tagget wmolonies, miiuding,
e, proteins, a8 wall ag mmoval of andesiralle entities such ax imparities, 0., host
ol proteing, DNA, RNA, lipids, endotoxins, cell enlture ashlittves, colls and ceilular
debris. In some cmbodirments, the polymers describred fretn s rosponsive o
osmcenintions of simple multivalent saliy, thereby allowing Bur improved scalaldiiy
and redaced conductivity refative e existing salt responsive pedvmerns. buvanous
emvhodiments, the pedymers according fo the present inventiont vap effectively mmose
whole celly, cedlular debrix as well as other soluble topurities frow ol oidtare media.
The polymers can lsn effretively romave impurities from protein mistanes containing 8
prestein of Ditereat and one ot wore inpuritivs. Further, vartous peiymers sescribed
hersin are able to effertively capture farget moleculys and protdosiproducts of intersst
in a swnple, thersby to separate them from one or more impuritics present m the sample
and Increase the purity of the target moletude.

{064} Aldso encompassed by the preset invention are methads of using te
polymers deseribed herein for purificatinn of targat molecules, o.g.. thorapeatic
protefus, using a wide array of conditions.

{44 Withou! wishing to be bound by theuory, it ie comemplated that the
stmuhs responsive polymers described horein can be used S the binding s

precipitation of either a desired target molecule, o.g., a therapeutic protein or a desirable

12



woduct, or an vndesired entiy, e.g., one or mene impurities locheding, 2., host oudl
prodein, DNA, RNA, lipids, endowsing, cell oulture addittess, whele cells snd collelar
debris. In geversl, & molecude bound by 8 podymer according to the pressat invention
is roferred 1o ax a biomolecule of interest, whether it is the desired arget moleoals oy
undesired entity.

{60361 The seloction of a particelar stinndus rosponsive polvimer e ase, 56
deseribed heren, is determined based on what the polymer is intended o bind. For
examply, noasy of ¢ biomoleculs of bitorsst which possesses @ vt nugative charge 5t &
pH above its pl{e.., whole cells, celtalar debris, DNA, sodotosing, and proteingd, &
stimugdug fosponstve polymer consprising a polvelectroiyte hackbone which i cationic
{1, positively charged) s desimble 0 use, On the othier band, fr case of & Blomaoleoule
of intevest which comprises @ oot positive charge at a pH below its pl {0 2. proteins), a
stivmifus respousive polyrer comprising & polvelucnolyie kackbore which is snonic
e, negatively charged) s desirabde o ase,

a1l A positive charge osuld be inherent 1o the polywmer under conditions
ased during the purification process or the posttive charge can b generated with a
chinge in pH which rendery the stimulus responsive polyner charged.

{0032} A imporiant parameter affecting the ovenl! recenvery of a blomolesuie
i the ratio of hydrophobiz modification gronps to the remaining unnedified chargad
groups int the polyelestrolyte backbone. For example, as the percentags of hydrophobic
groups increases 9o does the resuiting loss of the blomolecnle throngh non-specific
nteractions. Therefime, fora given biomolecule, a specific ratio of charged groups o
hgdrophobic groups can by used in order 1o waximize blomoleenle recoviry,
Addiionally, @ high percentage of hydrophobie groups may fimit polymer solubilisy

and the effectiveness of charged groups on the polyelectroivie baskbone.



ALENRT] Further, modification of a charged smine group in the bavkbone of te
polvelectrolyte polyvaliviamine with benzyl eidoride, results in a secondiry amine which
i2 charged undsy a wids array of pH conditions. However, such x benyl madification
adds o sterie Tulk to the aming grouy wiich canaffect charge-charge inlemctions.
Additionadly, medification of & charged group in 3 polyelocirolyte backbone with a
bedropbobic group can resull in a reduction in the number of charged granps, For
example, modification of an aning group of poalyallylamine with benayt chloride rasulls
in the formation of an amide Hnkage which is a3 vharged wroup, thereby resuling fn
& veduetion in the namber of charged gromps in the backbone, Acsordinghy, & reduction
in the number of charged groups san also affecs hoth the polymer’s sdubility axwell as
the polvorer’s ability te bind through charge-chargs inferactions,

R While, cxrtain polymers avcording fo the prosent ivention are calionic
and others are anioniy, hybrid prdymers may also be syothesized, which conprise 3
pestyvelectrolvie backbone which i catioie and madified with one ov move hydrophadae
as well as avdonty groaps, In cise of sach hybrid polyvmers, vomedified groups on G
cationic polysleetrolyie are responsive 0 a complex fornting salt, while the moni
modification groups s the backbone san bind a bomelecule of oerest which
possesses & net positive charge. Accordingly, the ratio of anssodified cationie griugs i
the polyslestrolyte backbone to smionic and bydrophelic groups is fmportant to
determine the solubility and stinndus necessary for the polywer to complex and captare
the biomolerule of interest. For exsmple, too fow enmodified exttonie grouge wthe
polyelesirolyte backbone caw resull in lmited fo no response s stiraghn, Whersay, oo
fow aufonic groups can Hmit the ability 1o capture a blomolecule o intrest.

[6035] The requisiie Tevel of modification of polyelectrolyte backbowe by

fvchophobie groups as well as the type and amount of stipustes that & wed can b



determinad based on the Momolecnie of interest to be purified asing the polemer as
well as the conditions used, and the inherent solubility and mwlecular weight of the
podymer backbone.. For exsmple, in order to nunboize the amowst of stimalus ased,
ez, a multivalent saly, it is desirahie to bave move hydrophobic gromgs attavhed (o the
polyelectrolyte backboe, Allematively, incrvased aviont of saidtvalent o stmelusg
seduges the extont of the hydrophoble modification or pereest hydraphobie
modification required, fn some instaness, 1t piay be possible to completely ellminase
the nead for hydrophobie modification, for example, 15 the mallivaient on stinndas s at
a very high sonceatration, Alternatively, licreasing the polymer molecular welght
reshuces the inheront sefubility of the polyedectiolvte buckbose and may allow for fow
{5 % or losa) o i polyelesivolyvie hydrophobic modification, Howesver, the climination
of hydvegshobic raadification can fnerease the amoant of residesd polymer S fower
selenular weight or more soluble polymer backbones at high polymer doses.

{56} in various embodiments, the extent of hivdrophobiy modificstbnt on a
polyeleetraiyvic backbone mnges from 1% © 83% or 3% 10 309, Axcondingly,
depending s the Momolecude of ntersst to be bouud by a stiantias responsive polyimer,
the percentage of hydrophobis modification {s af feast 196, 296, 3%, 485, 3%, 10%,

1895 300G, 2%, 300, 3594, 40%, 45%G, 30N, 55%, 6U%G, 63%, T, 7%, B ar

{G0STY in some embodinents, & complex fonming salt s used as 3 sumulue, In
varius enthodiments, the concentration of the comyplex forming sult ranges fvam 2
ts5 SO0mM, or from 25mM to HH0mM, Exemplary complex fimming salts include but
are not limited to mubitvalent ions such as, g, citrale, phosphate, sulfate and BDTA,
ard fon-associntion salis such as perchlovate, dodecyl sulfate sodhnm salt, dodenyd

Eenzene sulfate, Fe(l-4-chlore-2itrophencl anfon, tetraphemyd bosste sndiuns sall and

ot
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hesantirodipheno! amine {seg. e, ANALYTICAL SUIENRCES, DECEMBER 1887,
VOLL 3, p. 479) T general, an ordinary akill in the art woald be famitliar with
sumerous complex formung salls which are known i the ant snd ey De used as
stinmatus for the polymers desoribed herein,

{G0SR] The aroount of 3 complex forming salt which i regeied weinducg
precipitation depands on factors such ay, e, pH polymer concentration and
eemeentration of bomwslecule of interest in 4 sample, For example, some
solyelectrolvtes such as polvallvlamine have a charge density which varies with pH
(evel of antne protonation). As the pH s tncreased, the lovel sf charge donsity i¢
reduved so the degres of stimubu required to inducs: procipstation will be difforsa thaw
at a lowsr pH or bigher charge density state,

{say In gensral, a stinualug reapomsive pestyasr accsnding o the prosent
nvention mavbe added to a ondstock contabiing @ targed mokeonie wo o target solesnly
containing sample, in the form of i solid or i the form of'a figuid. The fingd pelvener
concentration & generally between 0.01% and 296, In some methods deserihed havein,
& suix s of 8 polyoer and 8 blomsslecule of intrrest i generated followed by the
addition of a stimaluy, e.g., a complex fonming salt such as 3 nudthvalent anion. The
amount of stimulys may depend on the polymer conventration. For exssnple, a polymer
concentration of 2% will require & higher anount of stimalus reguived o indave
polvmer precipitation. 1t is important that the stimulus is apphed & the correct ov ina
shight excess mrpount in order (o ensure complete polyaer presipiiation throagh the
stivnlus responss. This is in contrast to polymer Hocculation, where ovendaaing feads
w0 problematic residoad polymer,

0e60) The preasat nvention can be used in g variety of purification schemes,

The stimudus responsive polymer can be beneficial at any step of the process, although

in



the preferred use s at the beginniug of the process during clarification or during capture
of the target molecule. A single stimulus responsive polymer or mixture of palvmes
can be added n-one or more steps and subsequently precipitsded using one or more
stinugdi. The stimulus van be applied before, during or after the polymer sssoviates with
the biomedeeuls of interest {Le,, one or more mparities or & desired target molonle),
Also, the stimualus can be applisd bufore, during or after the renuival of the precipitate,
which is generally i sedid Yorm, T precipiiate can be subsequently removed asing
one of mar techmiques Raenwn in the art andfor those deseribed herein such as, 2.3,
fittration, setthing, centrdigativn or any other solid/Hquid separation mthad ova
cimpbination of methods in stmalanerus, parailed or series aepasation schewes,

061 Addition o the stinndus sesponsive polymer gt be seconmplishad in
several seays. The el cnlture media may be adjusted o o desived condition prisy o the
addition of a stiondus responsive pedymser, for example adiustroent (¢, reduction} of
pif andfor conductivity, The stimudus respransive polymer van then be added 1o the ceft
caltnre mgdia and nuxed, The stimulus sespowsive polymes cav be seded in a Yogpuid o
i solid formal. The pelymer containdng sohution itself can be formulated fust that it
adjusts the pit of the ool culture nedia we o dusived condition. For exaniple, the
stimalus responsive polvmer can be dissolved in 3 concentrnted acetic acid sohstion
The concentration of this acetic acid solation can he altered based on the vohane,
fermentation solation condition and protein concentration in order to provide the
necessary pH adinstment upon addition of the stimulus responsive polvmer, therehy
sesull in the destred polymer concentration and sedution pH. The stimelus responsive
polymer can be added in concentrations where spontansous focausiation avawrs,
svpically 1o the range of 0.01 {o G199 wi podyorer or 8.01 10113 96 wi pobvmer,

depending on the type and percent solids, such that the solution beconwes cloasdy and

w3



begins tin fornt o precipiinte. Allematively, the stimulos responsive polvmer can be

added m concentrations where spordaneons Hocoulstion does net sovwr bat polyinen-

biomoleculs assocmtion does otonr, e, typioally, in the range of .55 0 2% wt
W & F o
prdvmer, and the solution could be clear or shightly cloudy or more telad than e

original soltion. Abo, the stinudes responaive polymer csin be added in covcentrations

where o misture of spomtancons Hocoultion and pobpmer-omelenide association

VLTS,
HEa2] Although, wse of & stimshus o puriBicativm scherse 13 more Jesirable

as 1 alleviates some of the problems assoctated with overdosing with the polywer 8.
as i cas o flocculation processes, it ix contemplated that the polymers desvribed
hevsan may also he nsed sy Hocoulanis,

fHin3] in an sxemplary purtfication scheme, a stivmalas responsive polymey
acoording to the present invention s added 1o the cell caliure aller foomentation &
cornplete snd pohaner is formalated 1o bind a blomolecule of interest which is not the
destred target moleonde. Insuch a method, 4 stiroohus responsive polymer 18 added
the ool culture umder g first set of conditions, e, vonditions which may be sdiusted
befory, during or aBer the addiion of the polyioer which binds the blomoekeals of
figerest. Afler the stimulus responsive polymoer is added under B Brst set of
conditions, & stimalus is added wnder a sccond set of conditions, thereby gensrating |
precipitste which includes the blamolecule of inferest {o.g., one Or mose inpuritics such
as cells, cellalar debris, host cell proteins, DNA, endotoxing, and virases) The sodud
precipitate can be subsequently removed by centrifugatiom smdior filtration, thereby
resulting v a clarified cell cultrs fuid, The resulting clanified celf culture fosd may by
subsequently passed through a capture step asing & chromatography muedia b bind the

desired target moleenle. The target molecule may sabsequently be oluted frow the

i8
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selectidentify a filter which can bind the stimdus responsive polymser. Fur example, a
filter with similar propesiies to the biomsteruls of ngerest which i to be hound by the
posfvmer stay be provided, Alternatively, a filter posssssing # charged group that has
the sane charge g5 the blomolesule of inforest and a charge opposite that of the
stimalus rexponsive polymer may be wsed,

100461 Membranes, packed beds or filters may also be ased 1o remave 3
puiyimer from seluton, For example, an anksc mombrane contaming sulfonic auid
groups conld be used to remove a polyarning stimudus responsivie polymer. Alsa, s
filtsy with binding properties stroiar to the sthuulus used to precipitate the polyser can
b uend. 1 the stionles is g ondvalent anion, then prindding a e with o surfaos that
containe multivalent antons can renove the polymer from solation. For exwpie, &
membrane medified with polyvinyiphosphate could bind o polymmines i mush the
sarne way that phosphati jons can somplex with polyamings, therehy o mduce
precipitatim.  Also, beads {e.g, polymethaorvlats) modified with padyvinyiphosphite
cotld be used. o some smbodiments, folliowving filivation o the soletion with a filier
shat can remove the stmaelus responsive polymer, the resulting solution s passed
throngh 3 capture step using 8 chromatography meidia to bind the target blomoleeale, 3t
is possible to remove the polymer using a chromatugraphy roosha, depth filter o athey
porous material that can bind the stimulus responsive polymer. B s alse possible o
remove the polvmer with adsorptive means at a single step oy more than ove of yaailiphs
steps. Further, § 3 possible to remove the polymer via adsmepiive msms al any siep
after the polymer’s addition to the mixture.

ST 1t is anticipated that the present mvention can be used i many
wariations of the purifications svhenes desortbed heretn, The stinusdas responsive

pesiviner van be used 1o substitute or enhance both the clarification and capiure sleps,

0



Far example, two separate stinndes reaponsive pulymers could be used; the first
polymer which binds oue or more inpurities but doss not bind the tanget mobkecule and o
second polymer which binds the target molecnle. These twis polymers coulid be apphid
in separate stepa o a single step. Likewise, a single polymer could be used which has
fetional groups copable of binding the target molscule and & padyelecivolyte
buskbone capable of binding ome or mors impurities. The single polymer cusld hird
the terget molecule and one or more impuritios tn a single stop or muliple steps,
Subsequen glaton of the target molecule from the polymer nuay ocour aftey several
differgnt precipiaton'stimelus addittons ov washing steps. The stimulus responsive
polymer can be sdded after the capture step and used to slanfy suspended solids ad
fmpurities which resalt from vires fnactivation or other stops afler the onprure siep. The
stinnddus reaponasive pelyiuer san also substitute for sw enhance predishing stops.

{OGGR] In some erphodivnenta, @ virgs mactivation siop (1.0, exposdse of
assfution fo low phl, swrfictants o heat) s included. The sohuion conditions may be
sehiusted and the savnple processed theough o serios of podishing sfeps (e, one o puws
of fonn exchangs, hydrophobic interaction, nixed mode and others). The sobatton may
then wndergo a series of {iftration steps, nchuting vires Hration and wirdifration o
diafiltration.

HEE O In order that the present disclosure may he more resdily understond,
cortain terms are first defined, Additional definitions gre set forth throughout the

detailed deseription.

1 Definitions
R0 The term “stimulus™ or “stimull,” @ seed interchangeabdy harein, is

msant o refer to & physical or chemical change In the environment which resslis in g

response by a stinudes responsive polymer sevording o the present inventing,

21
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3890, In 2 particutar embodiment, & stimules wsponsive poivmer s 3 pohvalvianine
or a-polyvinviamine polyvmer which s responsive to 3 muliivaient fun stmuehss (eg,
plussphate stimuius),

{8673 The term “polyelectralyte backbone,™ a3 used hepen, rofirs tos a carbon
gonianing POIVIET COMprising two oF BT monenierlc anis, whers at lesst 50% of the
anits, or it foast 3539 of the wats, or af least 60% of the wmits, o ot fopst 639 of the
unity, o gt least 70% of the units, oy at fosst 75% of the anits, or ot feast 385 of the
units, ot at loast A3% of the umits, or at least 90% of the unity, oy gt Josst 939 of the
wiits, ountain a charged functionality. In othuy words, at Jeast 365 of the mwwesmernic
anits include o charged group which oy a parl of the undl. I some smbodimenis, a
pudyelectrolyie backbone desuribed hureln contmng af Teast B of Mo posomie
anits, where sach of the unlis containg 8 charged functionality. Incase of the
pidvelectrolyte backbone of polyrmers, tn which sach of the nraomsric anite oomtiing &
charged functionality, such padymurs may b referred (0 a8 reforred i a8 “oontinuns
prdyeloctrolytes.” Exemplary pudyelectrolytes inchude, but are vot limnited o,
potvallvisndne, polyvinylandoe, polyserylic acid, polvethylensintne, shitosan, and
pedyvinyiphosphoric acid, Tt s slso contimplated that ong o mors crdities, which age
different from the suwmomenie aniix, may be Hoked o polyvelectradvte hackbone.

{74 The tom “hvdrophebic group,” as used heren, sefors to & nonpedar
entity or chemical group, which has little to no affinity for water. Exemplary
hydropbobic groups inchide, bal are pot tinied to, phenyl groups, fortiary butyl groups,
cyeite hydmearbons, polyeylic aliphatic hydrocarbons, polyeyclico aromatic
hydrocarbons, and short chain hydrocarbons such 8s bexyl snd eyl groups. Ina
particular enmbodimend, the hydrophobic group is o phenyvl group. The hydrophutic

group oan abso be a non-hydrocatbon and contain heteroatonss such ag wilroga, oxvgsn,



sutfur, phosphorus et In vanous smbodiments according fo the présest ymvention,
stimuus wesponsive pobymers ane provided, which conpnse a pobyelecirolyie backbone
having one or more hedrophobie groep attached 1o s charged group o the bagkbone,
Without wishing o be bound by theory, i is understood that the pamber of hydrophobis
granps attached 1o the polyelectrotyie backbone is important for alleriug the polymer
sufubility, thereby to baprove the stioahs responsivencss of the polvmer. However,
sy be undesirable to have @ sumber of bydrophobic groups which rendey the polysy
wirter nsoluble without a stiraulaes.
0TS The peroentagy of charged groups i 8 polyveloctrolyte backbome wineh
are madified with o hysdrophobie group s geserally referred o as “porCent hydvophnbw
msdifization” of the polymer. Accorstingly, in various embodiments, the pareant
frvdrophobic modification is boportant and singes 196 fo 85% or from 5% o 88%,
Accordingly, the percent hydrophobie modificabion gy be at least Do or at feass 255,
eyt st 3%, o a3 fesat 4% or gt fosst 3%, or @t teaat 6%, or a3 beast T, or at losst R,
e at beast 9%, or at least 1%, or af Teaat 13%, or at least 20%, ov s e 28%, ov st
foseat 309, or at Joast 35%, or al least 400, or at loant 45%, or at lpast 5894, or a1 keaxt
88%, or at least 60%, or al least 63%, or al leagt TO%, or at least T3%, or at loaed BO%,
o gt Jesat 83%,
0076} The term “percent hydrophobic modification” =3 used herein generaliy
refers the ratio of ynmoedified polyelectrolyte charged groups to hydrophobic graup
maodified polvelettrolyie charged groups as 3 parcent of the totad podvelectrobiie
monomeric units in a polyelectrolyie polvaer backbone,
a7l In some embediments, & hydraphobic group attachad to 3
polvelectrolyte backbone Sather has @ charged group attached to the hydrophobie

group, which is distinet entity from the charged groap in the bckbone.
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HHy L As used hovetn, the torm “alkyl” geverally refors to 3 siraight og
brnched hydrocarbon chain, Straight chain or ranched chain hvdrecwrbos chaing
vefer to any substitited or yrsubstituted sovelic carbon-containing vampounds,
swlading, e, alkanes, alkenes and glkynes. Examples of allyd groups foelnde lowsy
atkyl, for example, methyl, ethyl, nepropyl, iso-propyl, o-batyl, e-butyl, wet-batyt ox
iso-hesyl; upper athyl, for examply, -heptyl, seotyl, isoraetyl, nomyl, deeyl, and e
ftke lower alkylens, for sxample, sthylone, propyviens, propyivee, butylene, butadiene,
perene, -hexene or so-bexens; and uppsr alkyleng, for sxample, swhoptene, seactens,
Jsoenciene, nonene, decere and the ke, Ap ordinary skl m the s would be fhar
with pumerous steaight, Lo, Hnear, as well a8 branched alke! g which ave
suconpasaed by the prosent inwagiog,

0T n additton, such alky! groups may also contain various substituenis i
which ong or mory hydrogen atous I replaced by 8 functionsd group. Examples of
functional groups include but pot lmhed 1o, carboxyhie, sulfom, plusphonie groups
aned thee ke, As used herein, the tom Valkeny!” refers to a straight or branchad
fvdrocarbon chain, where at least one of e carbov-carbon Bokages s s carboresarbon
dooble b,

HOR As used herein, the terrs “araiked” refers to an alky! goup which s
twrrninaily substituted with at least one aryl group.

{081 As used herein, the tevm “aralbeny!” refirs o an alkenyl group which is
terminally substingted with at least one ary! group.

{Q0R2] As nsed herein, the torm “arel” refers to a hvdrocurbon ring bearing s
system of corjugated double bonds, often comprising at least six u {pi) slestrons.
Examples of aryl groaps inclade, but are not Hmited to, phonyd, naphthyl, anisyd, tobuyl

and xylenyl



FOO83 &s used herein, the term “Husrrcarbon” refors to @ straight ov bramuhe
carbon chain i which one or more hydrogen atoms s replaced by a flmaine group.
Steaight chaity or branched chain fluorocarbon chain generaily refers tewny substinued
s unsubstitied acyelic carbor-voniaining comupound, ehnding, ¢ g, alkanes, albenes
and atkynes. Bxamples of alloyl groaps tehude bower sl S exangle, methyl, ethyl,
wepropy, sovpropyl, bty isocbutyl, tert-butyl or lso-hexyh wpper attd, S
examply, i-hepty], ooty iso-sotyl, nonyl deoyd, and the ke lower alkylene, for
sxvample, vthvlone, propylene, propylyns, butylone, butadience, pontene, whoxens o isov
hexene; and upper alkyleng, for example, wheplune, n-ogiene, so-00itne, noneue,
desene wnd the Jike. In general, it is understood that one or ordinary skitl b the et
wantfed b faraifiag with pomerous straight, Lo, Hocar, as wall s branchod sl groups,
which sre within the scope of the pressut fovention. in addition, such skl groups may
also contain various substitasuts in which sue or maors hydrogen o sme of more
fluorine atomns 18 replaced by a functional group. Examples of fenctional groups
fnchide, but are not Gmited o, satboxylie, sutfore, phosphesde groaps and the like.
FOSA The term “functinnal group,” 8s used heredn, is 8 group which imparts
additional fonctionality to a polymer describesd hergin. Ts otber words, @ functional
aroup is 5 group, which i distinet from a hydrophobic group, and i also attacted o the
poiveleetrolyte backbone, 0.4, to & charged group in the backbone. For exanmple, in
some embodiments, a functional group can b a Bgand for changing the biwdng
properties of the polymer, for example, carboxylic acid, sulfonic scid, sulfate, primary
amine, guaternary aming and dicthylaming grovps. The functional group can ol alter
propertiss or provide additional desired properties to the polymer such as, for example,
aliering a stimulus response or making the polymer responsive o 2 second sbioralus,

Examplary functional groeps for altering stimulus response behavior include, batare
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not lmuted 1o, cwrboxyhe acid group (pH responsive}, pyridine group {(pH respameinve}
sred Meisopropylacrylanudo group (emperature response).

[06%5] The term “ligand,” as used heredn, gonerally refisrs W an entity which
prosvides a spevific binding capabiliy for another enhity, Examples of "hgands”™
wmcude, but are not Himited fo, on exchange groups, bloalinty o Bospaoific groups,
Bvdropholde groups, thiophilic mteraction groups, vhelate or chelaiing groups, groups
having so salled pi-pt interacUons wilh target compounds, hydrogen bouding groups,
and hysdrophilic groups,

{H08E6] The term “Hoccalation,” as used heren, refirs o the sddiion of

foccalant, such a3 a polyner desoribed heredn, (o 4 solubios i order e remove o

-
g

more suspended inseluble or soluble tngnurities, The polynsy st be added e the
sofution & a convsntration which allows for spontancous formation s inssdubls

aperepates which can be removesd from solation via typeal solid-ligud sepatation
1:“ L.

nethods,
{087 The term “composition.” “solution’ or “serephe” 25 wsed Bosn, o

tr a micire of 8 target moleeals or o destrsd product s be purified using one o more
stimnudus responsive polymers desertbed horein along with one or more undesitable
entities or impurities. T some embodiments, the sample comprises edstaek oy cell
cultare roedia fto which a target molecule or a desired prodact s seersted. b song
embodiments, the sample comprises a target molecule {o.g.. s therapaitic protein ey an
anttbody) along with one or more inpurities (e4n, bost cell protens, DAL RNA, Hads,
cell culture addittves, vells and collular debuis). 1o somie embodiments, the sampis
connprises a tarpet molecude of fnterzet which Is seoreted into the ol culuwre wedia. In
sorne smbodiments, & sample from which a trget molecule o be panified waimg one

or more stimslas responsive polymers described Terein is “partially purified” privy &

%



conttacting the sample with a sthoulos respongive polymer, Partial punificstion nay e
accomplished, for example, by subjecting the samyple to one or more purifogtion steps,
such as, e.g., oue or move non-affinity chromatography steps. The Grget owdecude may
be separsted from one or more undesinble entities or impuritics cither by previpitating
the one or more imparities o by precipitating e target mokecals.

O0HEE] T some evnbodiments, » stimulus responsive padyie seoasding o the
present invention binds to # biomokienle of trterest which itself s @ trget medocude or
woduct (e, a targst protein or polypeptide), wulor a flrst sor of combitions wwt
precipitsies the target molseals under 3 second set of vonditions, e g, upon the addition
of 2 stimulus to the sample. I other embusdinenty, a bomolkeeul: of intosest isa
nederule other than a tupet molecade. Ty other words, the biomolenule of mierest
herind by @ stimulus responsive polyvmer desorthed Borein may be a molvoule which iy
not desired 1o by sssociated with 3 target molecule i o sumphy. Withest wishing jo be
hontned by theory, 1 s contemplated that in some erabodiments, 8 stimelus responsive
polymer according o the present invention binds and provipiiates o or mawe of bost
cell proteing, DNA, whole sells, celllar dobris, viroses, ondotoxing, andior cell culture
additives, upon the addition of & stimulus. Accondingly, a target wolevals {o.g.,  wrget
protein oy polypeptide) could be purified using a polymer described herabnerther by
precipitating the desired target moleculs or by precipitating one or more wndesinable
exnttiies {o.g., one or mors impuritics) which miay be present in & sample comlatning the
desired target molecule,

{D0RG] The term “precipifate,” procipitating” or “precipitation.” a8 used herei
refers to the slteration of a kound {o.g., in a complex with g biomaolecnle of inferest) o
unhonnd polymer from an agueous ad/or saluble state t a son-agueons sndfor

insoluble state.
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{o0ed] The term “omolecule of fuferest,” a8 osed hovsin, vefers o any
mcslerule which 1s bound and precipilated by & stimuluy responsive polviner desenbed
herein, For example, the biomolecule of intersst van be a dexirad targst moleonle such
as, for example, a deatved product or podypeptide of infersst g, an anttbodyy, or it san
be an wndestrable entity, which nesds 10 be renwved fron & sample comaining the
shesired target mulecule. Such undesieable entitioy include bat an nos hnuted to, Ry
example, one or moere impuriies selected from host codl profein, BNA, BNA prosetn
aggregates, codl cudburs sddinives, vivuses, gndotoxins, whole calls and celiniar debria,

ay

{00 The sorms “larget nrddecule,” “rget Momadenale” “osired arget
motecule” and “deabred togel blomlecude” as used interchangeable herein, gevenally
rofier to g polypeptide or produet of isterest, which ¢ destred to e purified or separated
frony ong or more undesirabde entities, o.g., o or nwge wnpunties, whech aay ba
present in g sanpde confaining the polypeptide o product of interest. Thy: terms
“protein of ntersat,” “target polyprgstide,” “podypeptide of nderast,” and Vgt
profein,” as ased nterchangeably hergin, genesadly refir to 3 thengeatio protan
polvpeptide, inchuding but not Hmited to, an antibusly that is to by purified asing #
astimlus responsive polymer aceording to the presat nvarndien,

a0} Az used herein interchangeably, the ferm “polypeptide” or "protein,”
generally refors to poptides and proteins having more than sbout fortams acds, fn
some embodiments, a stimulus responsive polymer desoribed herein fs used fo separste
a protein or polypeptide from one or more undesivable entities present 1n a swmple along
with the protein or polypeptide. In some smbodiments, the one v mose eotities sre one
oy e impurities which may be present i a sample slong with the pratein or
poelvpephide being purifisd. As discussed, above, in some embodiments, @ stimulus

responsive polymer deacribed hernin spocifically binds and precipataies a protenuy



polypeptide of nterest upon the addition of a stirpuos to the sswple. hrother
embodiments, & stimulus responstve polymer described heramn binds 1o and precipitates
50 entity other than the prolsin or polypeptide of titerest such as, B esample, host el
woteins, DNA, viruses, whole cells, cellular debris and cell culture sddives, upon the
ashdition of & stimuh,

{03 tn sorne erbodiments, a profein or polypeptide being purtfied using &
stimustus responstve polymer deseribed bersin is 3 manusabizn protein, 2.4, &
therapsutis pridetor a prolein which may be usad in therapy, Exemphuy prdelg
urtade, but are nol Hinvited to, for example, rinin a growth hommone, nehinling huanan
gronwth hormonse and bovine growth bonmone: growth hrnmone relessing featon
parathvroid hormane; thyroid stimalating hormone; lpoprotias: alpha- Tantiiteypsing
ssenlin A-chain; tnsalin Bechuing proinseling follicle snnudatiog horowme: csleftoniny
lutintzing hormone; glocagon; clotting fotors sueh as fsetor VITIC, factor BN tissue
factor, and von Willehvands factor; antielotting fisctors sueh as Prowin O auial
watrivretic facton fung swfactans; a plasminngen activitor, such as urskinase or human
wrigs or Hssue-type plasninogen sotivator {LPA) bombaesiny Susonbin hemnoepeiei
srowth factor; tursor necrests faetor ~alpha snd ~bety enkephabinase; RANTES
{reglated on activation normally Toell expressed and secveted) bumas macvophage
inflannatory protein (MIP-T-alphaj a serom albupys such as busan senwn aibunmg;
Muellertun-inhibiting sebstance; relaxin A-chaing relaxin Bechain provelagiyg mouse
gemadotropin-associated peptids; 3 micrabial protein, such as beta-lactanwse Dnase;
fg¥: a ovtotoxic T-ymphooyie assncinied antigen (CTLA), such as UTLA, inhilayg
sctivin; vascular endothelial growth factor (VEGEY, receptors for hormwones or growth
factors; Protein A or UF rheumatold factors; a neurotrophic fotor sunh as bonu-derived

asvroivophic factor (BDNF). seuratroghin-3, -4, -3, ov -6 (NT-3, NT4, K-8, o NT-6),
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or a nerve growth fhotor such as NGF-8.; platelet-derived growth fictor (PDGEY
fibwoblast groowth factor such as oo FGF and 8-FGE; epidermal growth factor (EGFY
sravsforming growth faotor (TGFY such as TGF-aipha and TOPR-beta, meheding TGE-
81, TGE-82, TOF-E3, TGFA, or TOF-ES; insulin-bike growth factor-] and -H (GE
aned JGFAD, des{ L3RG (heain HGFWT), insulinlike growt factor buding protang
GGEFRPsh O proteins such as CO3, CDA, CDOE, CD1S C2G, UDE, and CDMY
eryihropolating osteotnductive fietors; omunatoxing: a bone morplogenstis protein
(BMPY an interforon such us merfron-alpha, ~beta, and - gammy; colony stinulating
faotors (C8Fs), v.g, M-OURE, GM-OSF, and G-USF, futerleakins {(Ha) g -1 B
£, supernxide dismutase Toell meeptors; surface membrane prodeing dovay
sopelorating factor; viral sntigen such as, for example, @ porton of the AIDS savelope;
ransport proteius; homing roveptors; addressing, regelatory proging integrins sueh as
Chella, ODH G, OO e, OIS, an ICAM, VLA and VO AM: a tomor sasociated
antigen such as HERZ, HERD or HERY revepion and fragments sadior vanants of any
aof the above-Hsted polypeptides,

(0084} Further, in some satbodinents, & protein or polypeptide purified using
a smart polymisr gecording 1o the present invention s an antibady, functiomal fraguuag
o vaviunt thereot, In some enbodiments, 3 protein of fnterest i 3 moombinant protein
comtgining an Fo region of an imamnoglobalin,

{695] The term “twnunoglobulin,” "I or "antibody™ {txed mierchangeadiy
hersing refiers (o a protein having # basic four-polypeptide cham stmcfare consisting of
two heavy and twe Hght chadng, sald chains being stabilized, Bur example, by interchain
dizulfide bonds, which has the ability to specifically hind antigen. The tonm Vsingle-
shain tomwnoglobulin” or “single-chain antbody™ (usnd interchangeably hervin} refors

{0 a protein having a two-pelypeptide ehain structure vonsisting of & heavy and a light



whain, said chains being stabilized, for example, by bnterchain peptide Bokers, which
bas the ability to specifically bind amtigen. The term "domatt” refors 1o 8 glebulay
regton of a heavy or light chuin polypeptide comprising peptide loops {e ., comprising
3 t0 4 peptide foops) slabilized, for example, by B-pleated sheet amior ntvachain
disulfide bond, Diomaine arg further referred 1o heredn as “gonstam™ or “variable”,
hased on the relative lack of sequence vartationt within the domains of vanious chas
srembers i the gase of @ “sonstant” doraain, or the significant varation withan the
domains of various class mermbers in the case of s “varlable” dovsaiye Antibady o
polypeptide “domainy™ an often referred to interchungeably in the art ax antibody i
poiypeptide Vreginns”, The “constant™ domains of antibody Hghe chaing ae reforrad 1o

sr

seterchangeably as “Hght chain comstant reglons”, “Huht ehade corstant domaias”™, “UL7

regions or “CL” domaing, The “eostant” dovoaius of antibody beavy ohuns are
veferred o interchangeably as “heavy chain constant regions”, “heavy chaba constan
desmaina”, “CH reglons or “CH domains, The “variable” domains of mibody hght
chaing are reforred o hnterchangeably sy “Hebt chain vardably segions”, "hight chain
eartatde domaing”, V1 regions or “VL dovaing. The “varislde” domains of
antibody heavy chalns are reforred to interchangesbly as “heavy chan variable
repiong”, “heavy chain variable domaing”™, "VH” regios ot "VH” donming.

{0981 Immumoglobuling or antibodies may be monaclonal or polycionsd and
may exist in monomeric or polymerie firm, for example, IpM antibedios which exist in
pentameric form andior lgA antibodies which exist in monomeris, dimeric or
sultimerie form,  Inwmunoglobuling or antibodies may also inclhude nudtispecific
anttbodies {e.g., hispecific antibodies), and antibody fragments s long as they vetady, or
ave nwdified 1o comprise, a ligand-specific binding domain. The term “fagment”

refors 1o a part or purtion of an antibody or antibody chain comprisimg fower antine acid



rogidues than an miact or complete antibody or antibody chaine Feyvoens can be
obtatned via chemical or pruymatio trestment of an intact or somplote antbody or
antibody chatn. Fragments can also be obtained by recombinant means. Whaen
produced recontinmmly, Fragmends may be expressed alone or as pavt of & larger
poste called o Bislon proteln, Bxemplary fragments include Fab, Pl Blab2, Fo
anddfor Py fragments, Exemplary fusion proteins include Fo fusion proteine,

697 Generally, s immunogdobulin or snibody s divested agabatam
Sttt of interest. Proforably, the antigen it & biologically wpoctant pohvpeptade
and administration of the antibody o o manean sulfferiog from a disease oy disordey
can result in @ therapeutio benufit in that manumsl, However, sdihodios divested
sgainst nonpolypeptide antipons (such as toor-assovinted glyeodipid antigens; sso 108
Pat. Mo, 5,091,178) are also contumaplated. Where the antigen s a paivpeptide, 3t may
b s transmombrang molesudy (e g receplor) or o Hgand such as a growth fotor,

{HORE] The wem “monoclonal antibodse™ as used horewn vofers o an antibody
obtainud from g population of substantially bomogeneous anttbadies, Lo, the tdividuad
antibodies congrising the population are identical except for posably naturally
ovsHTing mutations thal may be preseut v minse amoants, Monoclonal antibodies awe
highly specific, being divected against a single antigenic sile. Funthesmore, i oontyast
tix conventional {poivelonall antibedy preparations which tvpieally inchade difforem
antibodies directed agains! different delermianis (opitopes), cach mumockmal antibody
iz gdivected against a single determinant on the antigen. The madifier “monochmal”
indicates the charscter of the antibedy as betng obtated from 8 substantially
homagencous population of amibodies, and is not 10 be constraed & requiving
prosduction of the antibedy by any particular method, For shampde, the monsclonad

antibodies to be used in accordance with the present Invention may be made by the

(A3
b



fvhridoma method Hest deseribad by Kohler ef al, Nahwe 256:485 (975, ov nav be
nuacte hy recrmbinant DNA methods (see, e.g, U8, Pat. No 48183671 “Monoclonat
antibadies” may also be isolated from phage antbody libracies usiog the wehmgues
deseribed in Clackson ot al, Nature 352:634-628 {1991) and Marks et gl I Mol Biol.
JE2RELS9T (1991, for swanple.
FGoR0Y Muonselonal antibodies may funther inclade "ehimesie™ antiboadies
(mmnglobuling) in which s portion of the heavy and/or Hight chain ts identical with
of fsnnologous 1o vorresponding soguences i antibodies dertved from s parficola
spewies s belonging to 8 particular antibody class or subghass, whale the rensainder of
the chatnds) is identival with or hbomoelogous 1o corresponding sequenoes in anhbodiey
derived from another species or balonging to another antibody class ov sebelass, as will
as Fragoents of such antibedies, so loug as they exhibit the desid biologieal activity
L, Pat, No., 4,816,357 and Morrisor et al, Proe, MNath Acad, Scb, USA 8DAESLGR45
{1984)).
foa1on] The teren “hypervanable reglon” when used bevein refias o the aming
acid residues of an antibody which wre resporaible for anligen-banding, The
hypervariahie rogion comprises amine acld residaes from & “oomplonerdanity
determining region” or “UDR™ (Lo, residues 24-33 (113, 30-536 {13 and 8897 (LY in
the Hght chain variable domain and 31-35 (H1), 30-05 (12} and 83102 (3 tn the
heavy chain variable domaing Kabat ot al, Sequences of Pristeins of Imnoumndogiont
Intevest, 5% Pd Public Health Service, National Instituies of Healtly, Borhesdi, Ml
{1991 )y snulor those residees from & “hypervariable loop™ {Le. restdues 2633 (L1}, M

52 {12} and 9195 (L3} in the Heht chain vanable domann and 26-32 (H1Y 55-55 (42}

and 96-101 (H3) in the beavy chain variable domain, Chothia and Lesk L Mol Bl

34



18001917 {19871, “Framowsrk” o “FR” residues are those varable domass
resithies other than the hypervariable region residuss as hovein defined,
IO “Humanized” forms of nop-hwman {o.g., namine) avdibadies are
chivoenic antibodies which containt nuninal sequence denved from non-fuiman
hnmwnoghshuhin, For the most part, hanasived antibodiss s hanss bonuvwglobaling
{reipiont antibody) in which hypervariable region residues of the reciplent are replaved
by hyporvariable regdon residues from a non-buman species (dosor antibodey sh ag
wase, rat, rabbit or nombuinan privesie havisg the desired specilicity, affhnity, and
capsoity. Tn some Dnstanees, Py framework region (PR} residaes of the honan
snunogiobulin are replaced by corresponding nerchuoman residuss, Forthommr,
humandzed snttbodics may comprise rewidues whoch are not fooand in (he seoipent
antibody or in the donor antibody. These nsdiflcationy are made s furthey cofine
antthody performancs, b genergd, the Taenanzsd matibody will comprise substantially

atl of @t least one, and typseally bvo, varishle domainy, in which aff or sulstantially of

-
P
pewes

of the hypervariable loops correaprd o those of @ son-hoaman ingnupneghdudin and 8
v substartially all of the FR regisns arg those of & hanan innaeogiohulin seguone.
The hwrnanized anstbody rptionally alse will comprise at least & portion of an
annumoglotrdin constan region (Fo), typically that of a lnsnan mmunsglobulin. For
further details, see Jones et al, Nature 321:522-5325 (1986); Riechmann el si | Nature
332:323-329 (1088); and Presta, Gy, Op. Struet. Broll 20893596 {19931
{021 In soms embodiments, an antibody which is separsted or merified using
% stimulus responsive polymer according to the present invention is u thempautic
antibody, Bxemplary therapeutic antibodies inchuds, for example, tusturumab
{HERCEPTIN', Genentech, Inc,, Carder et a (1997} Proe. Natl. Acad, Scil LiRA,

ERA2R5-4289 115, Pat. No 5,7258,856); anti-UD20 antibodies such as chimernic anti-



SO0 YOIRET UL Pat Ko, 8738, 137 1 rituxbmab (RITUXKAN™Y, povelivumahb, a
chimeric or humanized variant of the 2H7 antthody (ULS. Pal. No, 5721188, Wi
8470863 12) or tositumomab {BEXXAR. ™y, anti-IL-8 {5t John e ) {1993} Chest,
HIR832, and WO §58/23865), anti-VEGY antibodies includimy hamanived andior
affinity matared andt- VEGEF antibodies suehtas the aonanized mat-VEGE antibady
faeAd.6.1 bevavizomab (AVASTINT Genentech, te,, Kintet g {19033 Growth
Factors 8364, WO 9630046, WO $8/4533 1 1 anti-PROA antithodies (WO Q140300
anti-C U0 antibodies, including $2CS snd bamanized vanians thereol (WO (VTI3ERY
anti-UD1 a (L8 Pat. WNo. 3,622.700; WO SK23761; Steppe st al (1981} Transplant
sl 407 Hourmant et al (1994) Transplastation 38:377-386); sanbi-Igl (Presta et ol
1993 ), homunod, 15026303637, WO 98018 antt-CDIR (118, Pat. No

S.622,700, WO 972601 2); anti-Igl, inchuding B2, E26 and £27 (ULS, Bat. N

(4]

TH4.238; LLS Pat. Nl 3,001,313, WO O3/04173 UL, Pat. N, S.7T4.338) ant-Apo-
2 receplor antibody (WQ 831793 ) anti-TNF-aipha antibodios including ¢ A2
(REMICADET, CDESTL and MAKAIES (U, Pat. No. 3672347, Lavene ot al {1906}
| honunel, 136041 1646~1653; Dbainant et al {1395) Critl Care Mad. 23011861
1469Y, anti-Tissue Factor (TF) (EP 0 420 927 B1) ant-human sipha d bota 7 %tea&:grin
(WO SH/06248), snti-EOTFR, chimserbeed or humanized 225 antibody (WO 3640210
arti-C2 anttbodies such as GKTI (UK. Pat. No. 4,515,893 ant-CD2S or anti-tac
antibodies such as CHE-S21 SIMULECT™ gd ZENAPAXTH{ILS. Pat. No.
S693,762) anti-{Dd antibodies sech as the ¢M-T412 antibssdy (Choy ot 1l (1998}
Arthritis Rhoum 391 R53-56)% ant-CISE antibodies such a8 CAMPATH-IH
{Riachmana of 5l (1988 Nature 332:323-337) anti-Fe receptor antibodics such ax the
322 antibody directed agsinst Fo gamama RY as in Graziano ot al {1993} 1 bamuanol,

5510409650082 aﬂti’naarc.inm:mbryimic antigen ¢ CIEA:} antibodies snch as hMN-14
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{Sharkey ef al (1995) Cancer Res. S5{238uppl): 539355-59485; antibodies divected
agatnst breast opithelial cells meluding buBel-3, hu-Mo 3 sed CHLS {Covtan st sl
{1805} Cancer Ros., S5{231:538525-3856s; and Richman of al {1995} Cancer Bax, 3523
Ruppl 5916559208 antibodies that bind o colom cartinoma calls such as U242
{Litton o al (1996) Bur 3 fnvnunol, 3601y -9 anit-UDAR anthodies, o.g. AT TS
{E1He ot ol (1995 ], Inumanol, 155021:923-937) anti-0UD33 amtibodios sueh as Hu MRS
{hureie ep al (1993 Cancer Rog 33023 SuppthnS008s-3¢10s and CMA-STS oy ORI
anti-C22 antibodiss such as LL2 or LymphoCide Chowetd ot g} {1993} Cancer Res
3523 Bupply SR99-53007sh ami-FpCAM antibodies such ag V1A (PAROREX MY
ant-Gpllb/ita antibodies such as aboiximab or ¢7HD Pab (REGPROM | anti-RR{YV
antibodies such as MEDE-4903 (SYNAGIS™M) ant-OMV antibodies sach g3
FROTOVIR™Y, ant-HIV anttbodies such as PROSAT; anti-hepatity autibodies such &
the anti-Hep B antibody OSTAVIRDY, anti-UA 138 watbody OvieBax; ant-idatepie
33 epitope smithody BEC2; anti-alpha v betad antibody ¥ITANINDY anti-haman
renal cell carcinoma sutthody soch sy oh-O2588 ING-1] avtibuama TRA antibody
£3622Wady, anti-human coloreotal temor antibody {A23); antt-human melanoma
antibody R24 dirseted against GDR panghoside; auti-humas squamons-celf cammona
(SF-28 1 and anti-lasna Jeokooyie antigen (HLAY antibodics such as Semant (D10 angd
the anti-HLA DR antihody Uneolym (Lym-1},

268t

G103} The tormy “contaninmt,” “wapurity,” and Tdebria.” as wsed
inferchangeably herein, refer (o any foreign o objectionalde material, including »
biological wacromolecude such ag a DNA, an RNA, one or s hast cell prateins
{HCPs or CHOPs), endotoxing, vivuses, hpids and one or more ashilitives which may be

present in @ sample containing a protein of polypeptide of intevest {o g an antibvaly)

heing separated front one or more of the foraign wr objectionable molecules using a



stimudos resporsive pobymer socording 1o the prosard invention.  In some
eatbodiments, a stimulus responsive polymer desoribed hersin hinds and precipitsies o
protein or polypeptide of ndersst fronn 3 sample contmning the prostein or polypeptide of
inferest and oue oy newe bapunities. Tn other erobodiments, 8 stimuhs responsive
polyroer deseribed herein binds amd provipiives one or movs hoparitiss, theeby ©
sepataie the polypeptide or protuin of inferest from one oF more purites.

#

{01041 The torms “chinese bamster ovary cell protein™ and "CHOP,” as ased
werchangeably hevein, vefor 1o 8 misture of host cell protedns O HOPY) dentved from
Chiness hamster ovary (CHO™) celt endture, The HOP or CHOP {5 gensrally present
aw an bypaatly e ocll colture medives or lysste {o.g, o barvested osll audtere flaid
containing 8 protein or polypepiide of interest {5, an antibody or inonmeadhesin
exprosacd in 3 CHO vell). Gongrally, the amownt of CHOP prosent b a nexture
comprising a profein of fnterest provides o messure of the degnee of purtly for the
protein of intevest, Typloally, the amount of CHOPR in a proteis naxtise is oxprossed i
parts por mitlio relative o the amount of the protudn of irgersst i the wmixure,
F60105] it s understood that where the hogt cell is ssthor maeatian ol
svpe, an B coli, & voast cell, an insect coll, or & pland coll, HOP refers 1o the protatns,
other than target protein, found v a lysate of the host cell

USRS The term “cell colture additive,” as used herem, relis o s moleenls

fe g 2 non-protein additive}, which is added to 8 cell culbpre procoss in snder to
factlitate or mnprove the cell calture or formeniation process. In some endodimonts
aceording b the preseat invention, a stimulus reaponsive polvmer, as desoribed herein,
binds and precipitates one or more cell culre additives, Exomplary sell culiure

additives mclude anti-foam agents, antiblotics, dyss and nutrients,

tad
e s
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described herein, may be part of an sverad! purification process reseliing ina
“homogeneous” or “purs” composition or sample, which term is used hevein @ referte
3 pomposition or sample comprising leas than 100 ppm HOP in a conposition
comprising the protein of tuterest, alternatively lose than 50 ppa, fess than 86 gyom, Tess
than 70 ppo, lews than 60 ppan, less than 30 ppay, less than $8 popvy, Toss than 30 pyan,
teay than 20 ppm, loss thart 10 ppan, lees than § ppi, o less than 3 ppm of HOP,

[o01 L] The termn “clarification step,” as waed hevetn, peneraily refors o onv
morg hutial steps in the purification of biomsslerules, The clavification sty genendly
comprises removal of cells amdor celtular debris using one or more stops inchuding any
of the following atone or variomus comdsinations thervof, e, contrifingation and duph
Bltration, previpitation, focoalation and setiling Clarification sep generally nvelves
the removiad of ong or ore wndesirable entities and & typically performed priorio a
step tnvolving capture of the desired targel molocute. Another key sespeot of
clarifieasion is the rerwsval of sohubde and imolulde components it a sample which may
later om rosult in the fouling of & sterile filter in a purification process, thershy making
the overall parification procuss more coonontical In sonte smbssliniends, the present
fverntion provides an improvement aver the conventional clarification steps commeonty
used i vartous purification schemes, as demonstratod by redvced rbidity Impurities
amsl bigher throughput of downstream {ilfers, doseribed in the Examples heretn

[0a112} The lerm “chromatography,” as used heretn, refors o any knd of
technigque which separates an analyie of interest {o.g., a target molscuie} frow athey
meolecules present 1o 3 mixture. Usoally, the analyte of nterest s separsted from other
maoleonies as a result of differences in rates at which the mdividual nolecules of the
muxture migrate theough a stationary medium under the influence of & moving phase, o

i band and ehite processes,
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fatisy The term “chroanatography rest” o Vehronwbugraphy wedia” are used
interchangeably herein and refer to any kingd of phase (e.g., a solid phase} wihich
separates an analvie of inderest {e.g., a target moleculs ) fivar other molerules prosent
a nuixtare, Usually, e analvie of interest is separated frooe other mederuies ax 3 msult
of differences in ratgs at which the individual molesules of the mixten: migrste theough
g stusionary solid phase under the inthiencs of & puwving phase, oy in bind and clute
ocesses, Examples of various types of clrommtography modia inchude, S oxample,
catisn exchangs resins, affimty rosns, anion exchange resits, anton oxvhangs
mernbranes, hydrophobis interaction rosins and fon saxchange monshiths,

F001 14} The torm “capiure stop” as used herein, generally refors to a method
wsed for hinding 3 target moleonls with s stimulus responsive pedvimer s a
chyomatsgraphy rexin, which results in a solid phiase containing 8 precipitate of the
target woleonls and the polymer or resin, Typloally, the target molecule s
sulssequently recnverad using an ehuion siep, which remwves the turget melsoude fom
the solid phase, thereby resulting in the separation of the twrget mulecuie fron one or
wmore npurities. I various embodiments, the capture slop can be conhioted waing a
chrermtogtaphy media, such as ¢ resivy mernbrane o nwmolith, or s pelvmes, such as a

stifus responsive polyner, polvelectolvte or polyroer whick bivads the target

swrlecude.
{06115} The term “salt,” as ased herein, refers 0 a compoaund onmed by the

interaction of an acid and a hase, Various salty which may be wsed fn vartous builers
employed in the methods deseribed herein include, but are vot mited to, soetats (g
sodium soetate), cifrate {e.g., sodium citrate), chiloride (e.g.. sodivm chloside}, sulphate

{e.q., sodium sulphatg), or a potassiunt sait.
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HESEY The term “multivalent adt or “multivalent ron.” av used
merchangeably horein, refors fo a compound which coutains more than swe charge ora
charge containing group. In some crmbodiments, s nwitivalent salt 1s used as a sumaha
which results in changing the solubility of a polymer responaive W the salt stimastas,
ssually resulting in preciptlating the polvmer st of solution, Exenplary maltivident
salls which nay be ased inclode, fie oxanple, phosphite and sifie, Also
sncompassed by the presert invention ars sounter fons which may e used such as, for
example, oittate. A nniltivalont salt, when used & stimubus as shescribed horein, nuy be
added as 8 stand dlone reagent t a sample coniaining s Momaoletide of ntsrest slong
with g stimudas rexponsive polymer. Allematively, the salt may be attached 10 &
subsirate, o4, @ membrane, In a pantionfar ombodinent, a mentrane & modiffed with
polyvinylphosphats, which s o multivalent sudt containing pobvowr coating, &

sy ftivalent fon used 23 a shiondus, as deseribed heredy, s considored toss detrimental w
profein structere and stability, refative o other stioval sachas wmperates sond pit
LR In some embodineats, nudtivalent salts are capable ol intersoting with
one or more entities, therghy to Bum an associnted species or complex. Aogordingly,
such salts may also be referred o as “comples fomung salie” Non-limiting examples
of complex fornsing salts and their resultant compleses are multivaient cationss such as
Co™ and Ca'™ and their compleses with the carboxylic acid groups famd &
gihylencdiaminetetntacetate; mulivalent muons such as phoaphate {i—‘*{}ﬁ‘}_ and Citrate
and their complexes with prinsary amines found i polyvallyimming; and bap-gssoviating
saits such a3 perchiorate, dodecyl sulfute and dodesy! benzane sulfonate amd theie
complexes with primary anunes found in polyallylanune,

{061 18] An “ion-gssociating sali” is a andvalent {Cation or gpien), bulky and

charge-dispersed salt. In some embodiments, an ton-assocrting sall s bsed 38 8



stirnuius which results in changing the solubihiy of 8 polymer respansive fothe xaiy
stimulus, thereby resulting in precipitating the polymer out of solution. Exemplary e
woeiating salts which may be used Include, for example, percldorate, dodeey! sulfate,
dudecyl benvene salfonate, tetrapheny! borate and hexanitradiphiencl amune.

[o011a] The toro “solvent,” as used heroin, generally refurs o a fipuid
substance capable of dissolving or dispersing ong or mors pther subsiances to provide a
sufation. Solvents inchsde aquecns and organie sshents, whemre wself srganie selvents
fnchuds 2 non-pidar solvent, ethanol, nrethanel, isopropand, scetonitetie, hexylae
glvand, propylene ghyeol, and 2,2thiodiglyel.

20 The termy “pl” or “lsocdestnic point”™ of a polypeptide, &5 weed
mtzrchangeahly hevein, refers fo the pH at which the palypeptide’s positive charge
batances iis vegative charge. pl oo be caloudated from the vet charge of the anune acid
residues or sialie acid residuss of attached sarbedivdentes of the polypaptide or can b
determined by fspelsetnie focasing,

{2 This invention is further Wustrated by the follsrwing examplos which
shontdd not be constreed aa Hniting. The contents of all reforences, patenty and
publishied pateot applications eited throughemat this apphivation, as well s the Figures,

are invorporated horemn by refivence.

Example 11 Preparation of unclarified Nop-expressine Cell Culiure Fluld {(COE}

{08122} In & representative experiment, cells derived foan & non-oxpressing
{hinese Hampster Dvary (CHQ) cell Tine were grovan in a2 1 0L bloreactsr (New
Rrunswick Scientific) o a density of 10x10° cells/mL and harvestad at 64% viadalie

fgf was spiked to 3 vopcentration of 1.3 wL. The level of host celt proteins (HCPY was



found to be 8300 ngiol using an BLISA (Cypnus $FUMUISL The pll ot the
unelarified el culture was pH 7.2

Example 3 Syathesix of a stinoins responsive polvimer comprisine g
§ M xEs
polveleciroivie backbone modified with 3 bvdraphboebie groaup

RETR AT in a representative experioent, 8 stimulus respansive polvaer
conprising & polysilylamine (ReMPAA) backbime moditied with a hydrophobie group
wian synthesized, A polymer comprising » cationi poiyelectrobyte backbone modilied
with a hydrophobis gronp was synihesized using & mixture of 163 g of 0% wi linear
pobvativiamine (NITTOBO, 130 kD), 2 g of Hthiom hydrxide and 200l of 39%
wateretband, which was stired until well mixed, A sodution of 2.1 ml of bewat
chlorids v 15 mb of methana! was added to the polymer solation. The reelting

P

misture was heated st 64 O for 14 hours. The beney! moditied polyalivlamine was
previpitated at the end of the reaction patiod ax @ rwsult of thermodynami
inconmpatibility with the solvent, The previpitate was swashid with 3l of scotons and
redissolvad i 400l of 1M acetic acid. The polvaer was further pariiied by
precipitation using S0mM sodivm phosphate at plU 7. Flgere 1 depivts g scheroatie of
the reaction of the pelyallvlamine polyelectrolys pudymer with a hydvophobic groap,

L, benayvichdoride.

Example 3 Preparstion of g selution of hanzvi modified pelvallvaming

{BaMPAAY

{0G124] A 10% sohation of BaMPAA was preparad by dissolving 10g of the
polymer from Example 2 in 90g of 1M acetic actd with continnous agiiation af rpom

femnperatury for 16 hours. The resulting viscous solution was slightly hazy.

Example &+ Use of diffsrent enncentyations sf benevi modified pelyvalivamine
{BzMPAA} in clarificaiion of 2 pen-expressing exll eulture fluid

(LCE)
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fn125] RzMPAA fron: Exampls 3 was added inamownivof Q2 03¢, 84g
and .%¢ to a Sl sample of the welanfied cel culture flurd {CCF) from Example 1
The samples were mixed at room lemperature for 2 mbnstes. Since polymr addition
reduced the pH to a range of pH 4.5 10 5.5, the pH of the mixtures were adjusted using
20 Tots base o w pH of 7. To the resalting solation, 0.0483g of potassium phosphase
dibasie was added in ordey o precipitate the polvmer-target molecule, call and well
debris complex. The precipiate, in the form of a dispersed solid susponsion was mixed
continucusly for fve minntes. The precipiiate was then coliscted vig centrifugation
£4000 rpm for 1 mimae). The supernatant from sach sampde was then filterad through

€. 2um Dagrapore® filler, The resulling punification is detaited i Table { below.

Example 8 Use of difforsnt pH values in the clarification of sen-exproasing CCF
with BaMPAS

{130 HaMPAA Bom Example 3 was added to fowr ssyoples (0.4 sacl
csmtaining Sl of the unclarifiod coll coltare thnd from Baaveple T The smnples were
mixed al oo lempersivre for ¥ nunutes, Singe polymer addition reduged the pH to s
range of pH 4.8 10 5.8, the pH of the mixtures were adjusted wsing 3M Tois base to plls
a5, 6.5 7.5 and 8.5, vospectively, To the reaulting solutton, G.043g of prtassiam
phosphate thbasic was added in order o precipyiate the polymer-tavget molecule, vell
sned cell debnis complex. The precipitate, which was m the form of & dispersed sohid
suspension, was niixed eontinuously for five mainutes. The precipitate was then
collected via corrifugation {4000 rpm for 1 mimute}. The supewnatant from cach
sample was then filtered through & 0. 2um Thurapore® flter. The reseliing purification
& datatled m Table | below, which describes BaMPAA purification of spived non-
expressing UHO CCF,

Table L



?0iymer' Igls Recovery | HOP Reawvad | DNA Removal
£ smcesxtrgﬂfm h (%) (%6 {LRV)
Oviio) i .
0.4 ) 97 &3 G
0.6 7 G2 82 18
0.8 7 26 83 .
1.0 7 82 85 27
0.8 5.5 43 &3 R
i S 5 . 55
0.8 7.5 G 86 23
0.8 8.8 93 62 2.9

Example 6 Assavisg for the purity hovels resuliing fromw the sse of BaMPAA in
the clarification of COF

{1271 Samples frome Exwople 4 and Example § were sasaynd for IgG
recrsvery using an aflisity Protein & anabytiond HPLC aasay, The lovel of 1g( i
solution was aliernitisely measamed using av avalytival Prokin A colwan. Spacifically,
2 Porss AS20 Proteis A cohans (Applied Bissystoms) was equilitaated with PRS,
eluted with 0,1M Tysine (pH 2) and cleaned with 63 guanidine HCL An fgG standard
surve was orested using & series of varying ijention solumes of polycional g
{Somsarg), Samples were injected and Ig(i concentrations deterrainad fraen the standard
SRVE.

[OG128] Samplss frons Exanple 4 and Example § ware assavesd for fost ool
orstedns (HOPY using a commurcial enzyme-linked mmmunosorbent gssay (ELISA} Rt
{Cvenus Technologies e, Southport, NuC., Cygnus # CMO1S5). Samples from
Example 4 and Example § wers also assayed fir DNA using 2 standard pico groen
assay and Herring sperra DNA a8 2 standard.

Example 7t Prepsration of sneclarified Cell Culture Fluid (CCE)

FOGE28] Celis derived fom an sxpressing hiness Humster Ovary {{UHU-

$3G44 )y cefl Hine wers grown ina 106 bloreactor (New Bronswick Setentifici to g
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density of 0x 10° cefisfmb and harvested af 30% viability., Monoclonsd antibody
VALY titer was determined 1o be Q.8 /L. The level of host cell protwing (HOPY was
found to be 200,000 ngiml using an ELISA sssay (Cygnos 8 3G BLISAY The pH ol

the unclarified celf coltire was pH 8.9,

Example 8: Svathesis of 20% bengyl modified polvail

FG013 10 of polvallylamine (PAAY (Nittobo, 158 RD; 4G widwe d was
placed i a 100 mil rownd botton flaak and & solution of 3, 3dg of sadivm hyshusside
1.2 By por monamer) in Lml HhO was added in small amounts a8 soom tompeniurs
uasder magnetic stivving. The benyd chlovide (138, 1.23mb) was then adided at once,

stirved for fow mindes at voom temperature then heated to 6070 overnigh B 17 hours,
The reaction was coolsd to roon empsrature and sidvent was removed resuiiing in
polymer precipiiation. The precipilated pobymor was washed with water and
subsequently stirred in TM agueows AcOH solution (40mL ) uatil congdete
sobubilization s schieved, The sohstion way then difoted with Ha o 8 flnal vohome of
400n. {19 polyner solution), potassium dibasic phosphiate (K HPOS (R a8g) was
added noder stirring and pH of the solution wis adjusted 1o about 6.8 w precipitate the
modifted polvmr. The polymer was collected by fllration over a fitted funnel and
fually dried overnight In a vacuum sven overnight at S0-60°C,

Fxample @@ Svnihesis of 40% heneyl mundified polvalisiamine {B2MPA A}

{60131 10g of polvalbvlamine (PAAY (Nittabe, 136 kD0 S0% wiiwt) was
placed ina 100 mi round botton flask and » solution of 3.34g of sodhnm hvdroxids
1.2 Eg. per pwminnery in 23mk FRO was added at room temperature under magnetic
stirring and i smadt amounts, Benzyl chlotide {2.30g, 2.0%m) was then added, stirred

for fw nunates at room temperaiee and then beated to 60°C oveenight fiwr 17 houss,



The reaction was then conled fo room tempoersiure and solvent is romoved roaalting in
polymer precipiiation. The precipitated polymer was washed with watey and stiwed 1n
E8 aquesss AcOH solution (40mL) anul complete solulsibzation i aclieved. The
sofution was then diluted with HaQ 1o s final volume of 400wl (1% polvmer solatien),
potassium dibasic phosplate (KGHBOG) (3.48¢) is added ander stirring snd pH of the
sofation was adinsted 1o pH 6.8 o previpiiate the modified polvoier. The polymwr was

iehE I g vErnn aven

o

sollocted by filtetion over ¢ Iriited Tonned and Soally deied overn
overnight af 50-60°C.

Example 18 Svothesis of 60% oy modified pudvalivismive (BeMPAA

{0132} Hig of polyallviamine (FAA) ONTTTORO, 130 kKIx 40% wtiwt) was
placed in g 100 mL roand bottom flask and a soluthm of 3.34g of sedivm bydroaide
(1.2 Py, per nuensner) in 25mL B0 was added st room temperaturs nnder magnetic
stivring and in small mmounts. Benzyl chloride (3.23g, 2.94mi} was then addesd and
stirved for fow misuies at mom tentperture and subsequontly boated w0 6070 ovemigly
for 17 hourg, The veaction was then covled 1o nwan femperstury and solvent was
removsd, The procipitated polymes was washaed with water thes stivred b 1M agueous
A solution (40mL) until compleie solubilization s aclieved, The solotion wis
then diluted with HatG o a final volume of 400mi (1% prlymer aolution), potassiam
dibasie phosphate (KHPO4) (3.48g) 1 added ander stiring and pH of the solution was
adiasted 1o pH 6. to precipitate the modified polymer, The polyvmer wis collected by
filtration over a fritted funnel and Snally dred overnight in & vacuum oven oversight at
SB-68°C,

Example 112 Svathesis of dipheny modificd polvaliviamine (BPH3MPA A
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{0133} fnan oxomplary experiment, & polyelectroivie palymer Backbow,
polvallvlaming, was modified with a diphenyl groap, Briefly, 10g of polvaliviumne
{PAA) (Nitlsho, 150 kD 408 wifwt) was placed in g 100 wil round dottom Hask and
a sofution of 3 34g of sodium hydroxide (1.2 Bg. pev momomer) i 25k Hpl i sdded
at roony is:ﬁlpﬁra.i\:'i‘at under magnetio stiming in small amounts. The cidorohiphenyt
sssthane (3.68g, 3.23mb) was subsegquently added, stivred for few minetes at room

P

tomperature then hoated 0 60°C overnight for 17 howrs. The reacton was subsequently
sHowed to cool fo room fomperatory wd the sobvent cvas removsd. The precipiaed
polymer was washed with water and stirred fn IM aqueons & solotion S0mb)

The remaining white solid, generated hy hydrolysis of the diphew chloromethane, was
filtered out. The solution was subsequontly diluted with Hafd 4o 4 fnal volune of
400mL (1% polymer salution, potassiun dibasic phosphate (RGHPOS ) {2888} was
added under stirving and pH of the sohution §s adjusted 10 pH 6.8 10 previpiiate the
rodified polymer. The polymer was collscted by Gltration over a fitted funnel and

firally sried overnight in & vacoasm oven ovirnight ut SN,

Example 12 Svathesis of 6% dichlorobenzyl modified pobvallvlaming (UIB2MPAAS

s AR

{34 {1 aother experiment, 10g of polyallvionine (PAAY (NITTODRG, 158
KD 40% wiiwt), was placed in a 100mL roand bottom flask and o soluthm of 3 g of
soding hydroxide (1.2 Eq. per monemer) in 25mb, of Haft ix addesd &t waan temperature
ander magnetic stivving and i soall sounts, 3.4-Dichlorsbensyd chilorde {1.71g,

1.2 1L} was subsequently added and the roixhge stitred &8 roown fompetature overmpht
for 17 hours, The reaction mixtare was subsequently diloted wigh 1l of H(, aftey

which pH i adjosted to neutral {(pH 7.0) with phosphoric achd. The precipitated

polymer was filterad out, washad with HyO and dried In a vacoum oven sveright at
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ST The pelyies was collected by Rltration over a inttad frupel and finally doed
overmght tn e vacmum aven averaight st S6-007CL

Fxample 13 Svathesis of 18% dichlovebensyl podified pabvaliviamine (DCIRZMEBAM)

(00135 fr another representative experiment, 109% dishlorobenayt madified
pudvallviaming was synthestzed as follows, 3g polyallylamine (PAAP(RITTORO, 130
KD 406 wiAwt)) was placed i a 100 mb round bottorn Hask and & solution of Lo8g of
sodinm hydroside (1.3 Bg. per monomer) fn 40mL 30/50 HO0 2 dinethagyethane
{DME) was added at roons temperature andsr magnetie stivting wsl i emall snwans.

3 A-dichiorobensyt chioride {6.87g, G40} was sabsepraly sedded, stivred G fow
minses 1l roors temperatere and ther heatid to 6000 overnighs for 21 hours, The
resction was subsequently allonwsd s conl to maan tompersture, DIME was rersosed
wieey vacum at SH-70°C and then the repaining solvent is removed, The pracipiiatad
polymer was washed with watsy and then stiered fn 1M aquesis Act3H salution (Ml
wril eomplete solubilization is achieved. The sedution was then difuied with Qo s
final volume of 200nd. (1% polvimner sufution), potassivm dibasie phosphate (GHBGEH
{1.74g) was added undor stirving and pH of the solution wax adiested o pH &8 10
procipiiate the modified polymer, The polymer was colfevtod by Slation over g Intted
fannel and finally dried overnight in a vacuum oven . SO-86°C

Example 140 Synthesis of 33% chiorahenzyl modified polvailviamine (DCIB2MPAAY

{00136] in another represeniative experimant, a 33% chiorobenzy! modified
potvaliviamine was synthesived as follows. 5z polvallylamaing (PAAHINITTORG, 156
§1 0% wifwt.) was plaged in g VR mb round botioon Hask and o solution of 338z of
sodium hydrside (1.2 Eq. per monomer} in diml 3030 HO4 .2 dimethoxyethans

{DME)Y wag added at room tempentiure under magnetic stirving asd ju small aimounts,



d-chlmobenzyl chloride (1 48g) was subsequently added, strred 8w fow mintes at
roont temperahe and then heated to 6070 nvernight fr 21 howrs. The noxtday, DME
was evaporated under vacuurn st 60-70°C and the remaining sadvent was separatad from
the precipiiated polymer, This latter was washed with water then ttrred in 1M agueous
AU sedution {20mL} wntil cmplhade solubilization s sehivved. The solatton was
subsequently difuted with HzO to 8 finad voloms of 200mb (196 pulymer sobion),
pratassino dibasio phosphate (HPLEG) (1 742} was added snder stirring and pH of the
sifution is sdiusted to pH T to precipitate the pmailied podvmer. The polymer was
gollected by fliration over a frittesd fanne! and Hnslly deied overnight o sovscuum &t
S0-60°C.

Example 150 Svaothesis of 13% phenyvihemvl iodifie

iGu137] s ancthor experiment 13% phenyl-boney! modified polyalivianine
was synthesized as follows, 4.7 of polyvalivianone (PAAY (Rsttd, 150 KEY, 4085
wi Al was placed dn a 100 mi round botlem flask and 3 solution of 3.34g of suddiun
vdroxtde (1.2 Eq poy monesser) in $0mb S350 HyOV 12 dimsthoryethane {DME)
ways addesd at oo temperature wder wirguetio stining and i smsil anounts, 4
phenyibenzy! chloride (1g) way then added and the mixture hoated vvernight s 353°C
for 20 howrs. The reaction was subssquently allowed 1o cool o roons temperativg,
DME was removed ander vacaum at 60-70°0 and the remaining solvent was removed
from the precipitated polvmer. Thes latler was washed with water then stimed tn 1M
agueous AnOH solution (40ml) overrdght to complete the solehilization. The solston
was subsequently diuted with HoO) tos 1 final volume of 208mL (1% polymer sohution),
potassivm dibasic phosphate (KHPO {1,740) was added ender stiring and pH of the

sofution was adfusted to pH 7.0 in order (o previpitate the purified polvmer. The



pobyimer was collected by filtration over 4 fritied fimnel ansd finally doed ovemighting
vacuum at 30-60°C.

Example 16:  Svnithesis of 37% phenvbbenzy modified

palvaibviaming (DOIB2MPAAS

{00138 i anvther expetinent, 27% phenyb-benay! pwdified polvallviamine
was syrthesized as follows, 2.8g polvaibviaming (PAA) (Nitobe, 180K 40% wiiwt)
was placed ins 100 mb rosnd bottom flask and a solution of 2 3dg of sediam
fvdroscide (1.2 Bip. per monomer) in 3wl 5030 HOV 1,2 dimethoxyethans {DME]
was ahded 8t room temperature wndder magnete stivting and insmall anenngs. 4
phanyvibensyl chioride (1) was subseguenily added and the mivtere way beated at 3570
overnight for 20 hours, The reaction wis suhsequently allowed o cool o room
sepmpurature, DME was removedd ander vacuum at §0-76°C gnd the remaining solvsnt
was removed from the precipitated polyoer. This latter was wished with water then

stiveed in 1M aqueous AcOH solution {32mL) and stirred ovenaght 1o corplote the
sidubilizating, The solution was subseguently difuted with HO0 o o foal eolume of
200mL (1% palvmer solutton), potassium dibasic phosphate (8.HPOG (1,742 was
addes under stirring and pH of the solabion was adjusted o pH 7.0 o prsohatate e
purified polymer. The polymer was collvcted by Gltration sver & ftted Hinnel and
finally dried overmight in a vaswem at 30-60°C.

Esample 17 Clarification of CCF with different polviner concentratiom

(001197 In an exemplary experimend, stimulus responsive polymers, deseribed
above in Bxamples $-16, wore evaluated for clarifivation of UUF, preparstion of wisch
2 deserihed above i Example 7. A polymer solution fom Exampies 816 was added
in amounts of 02g, 8.3g, $.4p and 0.5z o a Smi sample of the enclanfied cell cultire

fhusd, The samples were mived at roont emperature for 2 mimutes. Sines prbmer

iy
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‘addibion redueed the pH o a range of pH 4.5 w1 8.5, the pH of the mixhoes weors
sedpusted using 2M Tris base to a pH of 7. To the resalting solation, 0.043g of
sestassivm phosphate dibasic was added in order to precipitate the polymer-target
srodrculy, cell and ccll debris complex. The precipiiate, in the form of & dispersed solid
sasponsion, was nuxad contimanusty for five munotes, The precipiiate wis thes
eollected vig contrifugation (4000 rpm for | minute). The supemnatin from esch
snple was subeegquently flierad tlrough 8 8.2 Durapore® filler, The reaudting
purification s detailed in Table 2,

Example 18 Clarifiction of CCF with polvimers ot different pH

{1401 I ancther axperimea, 4 polvmer solution frona Examples 816 was
asbided to four saraples {04 sach) contaluing Smi of the unclarified cell wudnwre flutd,
as deseribed in Exanpde T The sangder wore mixed ot room temporatary for 2
mbmyes. Since polymer addition veducad the phto a range of pH 4.5 10 5.5, the pliof
the rmixtures were adjusted osing 2 Tris base o pHs of 8.5, 8.3 75 and &8 3,
seapectively, T the resultimg snlation, 0.043g of polassian phosphade dibasic was
seddded fnorder (o precipitate the polymer-target molecule, ol suwd coll sebels conplex,
The procipitate, in the form of & dispersed solid suspension, was wised contipuoasiy for
five nuoutes. The precipitate was then collected via centrifugation (3000 rpm for |
winete). The supermatant from each samiple was subseguently filered through 2 0 2um

Dhgapore® Aller. The resulting purification is described v Table 2,

Exsmple 1% Clarification of COF using polvmers responsive to different fevels of
multivalent ion stimuius

[Giaty I another experiment, polymers deserthed fn Exangios #-1% were

evatuated for the clarification of CCF, using differont amounss o nmilitvalent on

s
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stinwslus. Specifically, pelymers fron Examples 513 wers addest o four samples {(8.4g
each) comaining Smb of the wnclarified cell cultwre flusd, deseribed i Example 7. The
samples were mixed at roont femperaturs fr 2 minutes. Sincs pabemer additon
reducedt the pH 1o g range of pH 4.5 10 3.5, the pH of the mixtures were adjusiod using
M Tris base to pHs of 5.3, 6.3 7.5 and 8.3, rexpentively. To the reaniting solution, a
sunge from 0.031 1o 0.043g (530 to 7 md finsd phosphate caneentration} of patassism
phosphate dibagio was added i ordar to precipitate the polvmer-target mudetude, ool
avd coll debuis conyplexes. The precipitaty, in the form of & dispersast solid suspension,
wits mived contimwoualy for flve minnes. The precipitate was subsequently cotlacied
vig sentrifugation (4000 rpm for 1 minute}. The supernatant fomn sach sample was
then Sitered through o 0.20n Doarapore® filter. The resulting purtSostion i deseribed

w Tuble 2.

N

Exsmple 2{:  Chwrificetin of CCF usiug a commianly used Hosenlant

B01421 i another experiment, a conumondy used Hocoulasd, clotossn, was asad
for the chification of CCF, in an attempt 1o genende companine data. A polvowe

sefution (2 with) was made secording to the provedure deseribe in Riske, ¥l stal;
Jownrsd of Rintechnology, 128 (20073 813-823, The polymer selution was added 1o
COF froms BExample 7 in varving amounts and 2t varying pH conditions, Mo stinutdus
was used with this polymer. The resulting purification i3 desenbed 1 Tabic 2

Example 21 Evaluation of parity leveds fnllowing precipitation of UCE wsine
stimulus responsive pelymers

foa143] In a representative expariment, polymers desoribed s Bxanples 8-16
were assaved for TGy recovery using an affinity Profein A analytical HPLO asswy. The
fevel of 190 in solution was altematively measured using an snalvtical Protin A

column. A Poros A/720 Pratein A cohann (Applied Blosystams) was oquilitwated with

e
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FBRE, sluted with 0.1 M lysine (pH 2) and cleansd with 6M goanigine HOL An IgG
standard carve wiss created using 3 senes of varving tgertion volames of poiyelomal
foli (Seracure). Sanwples were fjected and G conventrations determined front the
standard corve. Samples from Bxamples 8-16 were assayed host cell proteine {HUF)

nsine & sommercial ervvme-lnked Impnaposorhent assay (BLISAY b (Cyvanus
o - v 4 ‘ ]

Technutopios Ine., Southport, N.O, Cygous § 3G). Bamples from Exaraplog 316 seers

assayed for PRA ustng g standard pico green assay and Homng spenm BMNA a8 a
stavdard. To wasess the redaction of colls and well debriy, the tatadity was measored

aftr contrifugstion for 1 mimste a1 4000 rpay,

Table 2. Chamgtorization Data for Hxamples 8216 aud 20,

Polymer Multivalent I Ints HOP ONA
Exsmple Lo, Rahl Cane, ! E“??d,“}’ Heecovery | Remowa! | Hemoval
(%) guapy | PR (NI (%) (%) (%)
8 .4 T 75 26.7 #8 SH 25
g 1 06 D) 73 2.8 R 8% s
5 (.8 & 5 314 T4 T2 87
8 1.0 82 i 104 4 s 8
3 4.8 62 8.3 7.8 T &7 35
8 (L8 62 6.3 iR 86 6 G
8 4.8 62 33 76,5 Y B 9
9 {4 T 7.3 22 83 &3 &
4 HEY ] 7.5 2.5 a4 85 R
3 R &2 7.5 28 &i &7 A
g 1.0 &2 1.5 P X3 88 =99
b 0.8 &2 8.3 7 9 RO =9
9 0.8 62 6.5 38 58 91 RN
g .4 52 3.5 14 87 22 ¥
i 0.4 i 7.3 S 54 85 34
i ) 7 T3 4.9 26 R HE
ig €8 &2 i3 s 21 S B4
10 1.8 62 7.5 1.8 i# 23 =49
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16 8.6 it 1.4 R 4 %% > 535
{6 68 62 78 57 B 83 4%
16 by 82 7.3 180 &7 24 5
16 0.8 63 8.8 N o TeRr 84 S
is 05 82 6.4 56 T oY 89
16 .8 &3 35 4.3 5 NE e U
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i 0.4 50 &4 PN 83 g8 w0
55 e ; e s . — g
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Example 22;

fooi4d] In another experiment, a benzyl musdified polvethylonsiadne stiovlis
responsive polymer was synthesized as follews, 10y PEL{Aldrich, 750 ki, 30%
a /w18 placed o a 100 L round bottemn flask and 8 solution of ~ 3. Mg of sodim

fvdroxide (1.2 Eq. per monomer} in 25mb HoO iy added at room semyperature undey
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nragnetio stirring and in small amamts, Beneyl chloride {3.30g, 2.00mb) is then wdded,

stivred for fow minites at room temperatare and then heated ovendght a1 80°C for 17
hours. The reastion is then allowed 1o cool to roont emperatse and the soivent ia
removed, The procipiiated polymer s wished with water they stirved in 1M agusous
A solaton (40mLY unit ceanplete soluhilivation it achisved, The sohstion iy
subseguently diluted with Ha( to a final veduns of 400n. (1% polvmer solution,
potassium dibasic phosphate (GHPOG) (3.48¢} s ndded under stirring aud pH of te
solution s adiusted o pH 6.8 to precipitate the medified polymer. The polymer i
collected by filtlvation over # {tted Sionel and finadly drled svernight in a vacuan oven

s SO-HIT

Exsmpde 23 Synthesis ol b

1451 Fa a roprosentidive sxample, a benzs modified padyvinylanane was
syuthesized as fullows, 32 of Poly{vinvlanune} (PY A} bydrochionde (MW 83,580
Air Products and Chondonls Ing.} was weigbed it s glass contaimar, Adid 200mi B0
and add 20g 309 MaOQH and stir antil well mixed. Add 23 Sg benzyt chbiwide and mix
At 7000 S Tohas, A solid white mass separates from supornatans s the reaction
progresses, Altow solid 1o seitle and diseard supernatant by deeanting. Dissodve sfid
i 350mL of 39 Acetic Acid overdght, Add 360mL of HLO and wmix for 16hrs ungl
solutint {5 homogenous, Dilsle up to a 19% w/y solution by bringing the total volame
ap to 321 with delonized (T8 H:0. Add sodium phosphate to a concenivation of
ShmM in order 1o initiate precipiiation of the polvmer. Add I8 NaOH toresch a pH of
& 85, providing additional polymer precipitation. Filter to dry sake and discard
supernatant, Dy solid overnight at 7', Dissolvs in 3% scetic acid until &

homgenous solation s generated b order b make a 5% wiv solution.

Example 24:  Comparison of modified and smmedified polymer in clarification
in presence of stimuduy




HN146] Polvalfvamine {PAA, Nittobo, 130 kI¥ 409 w/at ) and the polymey
fromt Bxampls 1 (Bz-MPAA) were added 1o an aquenus soiation o cveale 3 fing
soivmer conventration of U.2%wt and 8.4%, respeotively, Podaseium byvdroges
phosphate was used as » stimuhuy and was added 1o the polymer selutions of PAA and
Exangple 10 in varyig snounts and the jurbidity sl nmture of the aggregates lonmed

was recorded, The results ave shoswn i Table 3 bolow,

Tahie 2.
Sthmudus —— _— :
Polymer (o Potasdum Hydragen i?:ﬁff 3;3 ?&i;::e ‘i;i‘
Phosphate} S ARRIRRN
BAA 2t Chear (No Ag
PAA 3 Choar (o Apgd
FASK 178 Uheay (No g
......... PAA LAL3 Tarbid
HAX 132 Durbid
PAA o Mty ¢ Opuasi
. PAA i Shbbe / Ovsaue
o s i Chear (Np Agd

{RaMPAAY

Exwraple 1 4.7 3

(BMPAA) SAEa LNe A

Hxampls W

(BeMPAAS @.35 | 4 Cloar {No Aggl
i 187 5 Clear (No Age)
ig;ﬁg,ig 213 N 28 Closr (Mo Agg)
igj;g?};;: 75 234 Latge Aggrepaies
?gjig}iii 136G 331 Large Aggrogstes

Example 28 Comparisen of mpdified and ywnmodified polvmer in clarification in
presence of a3 stumulus

[a01471 Unmodified polymers polyaliyamine (PAA, Mittobe, 150 kIx 408
wifwt), polysthylensiine (PRI, Aldrich, 730 k¥D; 530% wifsi ), polyvinyl aming

{Poly{vinylamine) (PVA) hydrochloride, MW 23,500, Al Products snd Chemicals nc )
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and the modified polymers frsm Examples 10 (Ba-MPAA)Y, Exsample 22 {BaMPED and
Example 23 (BaMPVA) were added 1o an aqueoss solution w oreate & fined polymer
concentration of (.2% and §.4% by weight, vespectively, Podassium hydmogen
phosphate (1 5hm M) was ysed as a stimulus and was added to cach of §.4% polymer
sofustions and the turbidity and nature of the aguregates formed was reeorded. The
resutis are showy fn Table 4,

Tabled

Stimalug Turbidity | Turbidity Nature ol | Twrbidity
Folvmes {Potasshum hedtere afver Apgrepate after
VIR Hydrogen Stimuday | Stimaelus after Lentrifuge
Phosphate} {NTED NTEY Stimulus ENTL
PAA 30mM LN L0 . Milky Ea .
P A0 mM 39 > 1600 Ailky > 100
PV A 150 19M .8 = R0 Milhy 233
Exarnple 9 i ; 2 HE Latgs :
30 ;v : o a6
{BaMPAAY i 1 Agpregaes ’
fxample 18 B 100G Milky with
- Ty IS0 mM % fargs 1HS
SRS i 28! ]
; Wf{:&:}rii H Agoragates
Exaowple 19 i - = 1O Parge o
(BMPVAY LAt s Agregatey |

Example 26 Svathesis of hexanpde achi and tert-hatyl madified paivaliviamine
{HOC--BuMPAA)

[0 14R] 149 g of S-Dromehexanols sold was dissolvad i a sobhgdion onmprising
161 mi of 40 w1 lnear polymer polvialiviamine X150 kda, NITTORO) and 30 mi
sodinns hydroxide (1M}, The mixture was reacted for 18 Tes at T=30°C and the product
was precipitated as 2 hydrated el The precipitaie was dissolved s 100 mp'mi {ithium
hvdroxide solution and mixed with 10 mi methano! contaireng 2.3 o of wridnd
piveidyl ether. The mixtsee was subsequently reacted for 18 hos at T=SG°C, The

polymer solution was puriffed by extensive dialysis (3 duys) against detonized (I3

sater using 3.8 kda molecular weight cutoff dialysis tubing. The final concentration of

o0




the polymer solation was 7.2 wi%, A schematic of the synthesis reaction is shown

betow i Figure 2.

Example 27y Effect of sedinm chlovide on the maltivalent stimulus of
hexaneic acid and tert-hutyl modified pelvalivismine (Ut
BuMPAAY when disselved in Tris butfer

F30 1449 S0 pl of HO-LBaMPAA fron: Example 26 was added o 18 el of 25
mM Sodhan phosphate containing §, 0.15 or 0.5 M sodbws olioride. Pl ol of the

sobution was 116, The sohstion was titrated with 3M acetic acid, and the tulndity of

the selution was regorded afler each adddition. Ax depidied in Figare 3, by adding

sodimy vhtoride in addition to sodin phosphate, g change 1o pH vesponsivenass, at

which the phasg transilism ocuts, was observed,

Pxample 38 Clarifiestion of CCF wsing the polvmer HOGBaMPAS a8 ditferent
glymer concentratinns

{31501 i & represeptative sxperiment, wnelarified CCF wes clarifiod using a
polymer avcording 1o the pressut invention as follows. 178, 338, or 334 gl of HOW-
HaMPAS Froms Bxaople 26 was added (o Sml of uneclarified ol enliore Huid from
Fxrarople T containing 28 miM sodinm phosphate and asjusted to pHl 8.7 asing 25 @i of
Idacotic acid, Adter the addition of the polymer, final pH of the sohstion: was fitvatad
to 7.2 using 3M soetie acid, thereby precipitating the polymer-cells complex,

on1st] The precipiiaie, in the fonn of a dispersed solid suspension, wius prxed
continwously for apother 3 min. The precipiate was then collected by ceutrifugabion
{4000 rpm for § min) and the superoatant was filtered through a 8.2 Durapoe®
filter. Regardless of the concenirating of the polymer ased, the process resulied 1 HEEG
Mah recovery.

Example 290 Svnthesis of polyvinviamine (FVA) stimulus responsive polvany

bl



from menomer

{01521 & stinuslus seaporabee podyvinsr comprised sf ropest unis comdainmyg
primary amines was synthesized from a monomer as follows. 185 g of delomized waler
and 22.5 ¢ of Nevinyiormamide (NVF} (SIGMA-ALDRICH, 98%} was placed mra 250
sred. vesannd hastom flask. The flask was cqiipped with a magnene stirver and a My
dipstiok. The xolution was stirred and purged with Ny for 0.3 huaws followsd by besting

o 45

fs 45 0 over snoadditional 0.3 hours with contimious purging, Initiator solation was

preparsd by adding 0.288g of 22" Axobis( 2 anudinopngaae dihvdrosbloride {ARA
{Aldrioh) to 16 mb of dejonized water and digsodved. T the 230 mi round battom
flask the mititor sohition was added uader Ny atimosphere, The soletion was hasted at
£5°0 for | howr, followed by heating 8t 65 °C for 2 hours, further followsd by beating
a1 750 for 1 bour with vigosous afiring under pifrogen. & vikeous, homogsums
scsfustion was obiained and allowed to cool o room temperaturg. The viscosity was
determingd by Brookfield Viscostty DV Prs Visocometar (suiting 100 RPM 458%
torque, spindle #3431, The viseosity of the rosulting solution wias 28350 centipotae
oPy The sohstion was wansforrad o 3 SO0 mi flask and diteted with 3230wl of Hy0
and 44 g of 0% NaOH was added with stirring. The solution was heated 8t 83 °C Roe 8
hours.

[O0153] A snsall sample was tested for sensitivity 1o a phosphate stinnslus by
adding a drop of 2 molar sadium phosphate to the bydrolyzed polymer mud obsorving a
white solid precipifate from the sulution apon addition of the phosphate lon. To the
fvdrolyzed polymer solution, 25% HCY was added drop wise, uati a pHof aroamd 2
way reached. The soletion was stirred vigorousty overnightand s bomsgenoss veilow
sedution was obtained. To that sohstion, 100 mil of 4 molay Nafi] was added with

stirring along with 300 mi tsoprapyl sloohsl. The polvamer was tsolated by additon off
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i mi of ¥ molar sodiere phosphate and the solid way vacipn flered and washed
with detonized water, The solid podymer was dried over night in a vacoum srven a1 63
“C. The partially dry polymer was frozen with Hquid nirogen and ground to a fine
powder and forther dried Ina vasuum oven at 630 for 24 hours. Fimally, 46.7 gofa
shry powdsy was reoovered it dissolved ta T molar acutic sold G 2 fingl concentration
of 5% wiw,

{H01 541 Aw overview of the polvvinyhuning synthesis process s deploted in
Figure 4,

Example 30: Svathesis of g series of hvdrophabically modified polovinviaming
PV AL stimudi responsive polvmers

001331 latng the PVYA synthesized from Example 29, doee sepavate
frvdrophobically mesdified stimuli rospransive polymers were produced ss follows, 100
mi. of the 3% PVA sohution from Exarople 29 way placed in eseh of tuge 300 ml glass
jars and lobelod jars 1, 2, and 3. To each of the three juvs, 160 g of € molar NaOH wax
added with stirving. Next, 58 g of propanol was sdded to each jay as & co-sohvent and

g LT g oand 294 g of

o

the xohutions were stirresd, follomsad by the addition of 8.74
boney! chdoride to fars 1, 2, and 3, respectively, The three jars were beated at $¢7°C for
£ howrs, The resulting polymers were gach solated fron the hadividusl reaction
solutions by bringing the vohane of the resetion solution o 300 mi with deionized
water, adiusting the pH to 8 with 25%0 HCY, and adding 1 g of 2 molar sehiom
phussphate, Upon addition of the phosphate 1on, a solid preciptne was collected v
vacun Hitrations, The solid from each reaction was fndividually washed with delonized
water and dissolved into 300 ml. of | wolar acetic acid. The polvmer was farther
purified by adjusting the individual solutioss 1o pH 74, precipiating e polymer with

deop wise addition of 2 molar sodiunt pbosphate, fhering the resulitng solids, washing



the solids with water, followed isopropyl alvobol, and dyying 1o a vacoum oven st 637
fixr 2 days. Each samople of dred polymer was frozen with Hguid mibvngen and ground 1
4 fine powder. The mass of dvied polymer recovered was 144, 212 and 247 ¢ B jare
1, 2, and 3, respectively. The individual polymers were each disselvad to make & 220
sedution in | malar acetiy seid,

Example 31 Beprotection of suaiues via hydrolysis of & very high moleeunlsr
wiight

polviNvigviacetamide) to prosiues a padveinvismive (PYVS) stinli
responsive pulvinesr

{061 56] Ty another excmplary sxperimsnt, o very high molosushyr weight
stiraulius responsive polymer was prepared s follmvy, Very high molecoutar weight

polyiner generally tefers ta g polymer baving @ voolevular welght equal sy gevatyr than

FOOUR a.
{0137 A stismgdt responstve polvimer comprised of repest units contabiing

primary amines was prepared as follows, Ina 2 fiter glass far 40 g of paly{N-

vinviaceramide)-linear hooopolymes (POLYSCHENCES, INC. Y with an average
modeouday weight of 4,060 kDa was dissolved into 0.8 Hier of detonized water by
vigorous stirring for 16 bours, To this solution, 140 3 of voncentrated HOT was added
with continaogs stitring over T v, The jar was Hehtly capped and the solutton was
heated to 99 °C for 5 days with mtermitient rotation 1o nux the solution. Afler S days of
he&ting, the soluton was allowsd to vool to room temperature snd the tolal volume was
adiusted to 4 iters with defonized watgr. The solution was sdjustesd & pH 7 with 8
molar NaOH with vigorous stinting. The hydrolyzed produet was precipstated with
drap wise addition of 2 molar sodium phosphate uniil no further precipiate was
observed. The white precipilate was washed with deiomized water and pressad to

rermove excoss water. The recovered polvinzy was deled in 2 vacuun oven at 63°C for
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2 days. The dried polynier was froven with Hyuid sitrogen and ground (o a fine
powder, The recovered dry mass was 42,5 ¢ A 2% sodution was made by dissolving the
dried powder into | molar acetic acid and 0.08% HUL The resulting solutinn was
commpared o a 2% soluth of starting material {(poly(Navnplaretamide-linese
hasopolymers} for responss & a phosphate or cirate stimali. This was purformed by
drop wise sddigon of 2 melar sodiun phosphate or 0.2 mustar sudiem citnate to 30 ml
sampies of both the starting material and the rexulting hydisbyvred polyiaer,

001581 The resuiting hydrolyzed pelvmer precipitated fo a white mass with the
sddiion of phosphate oy vifvate tony while the sohitinn of starting material had no
provipHate upen drop wise addition of phosphate or curate fons, thereby indicating that
the starting material s ot reaponsive 6 i stimuhs {o.g., 8 multivalent anfon sach ag
shesphate or offtge}, while the very high nuslecular weight polyvner syathesized, u3
Jeseribed i this Example, i respoasive 10 @ stiomdos (2., & muiiivaleasd anton such as
plusaphate or eitrate},

{1 39] Figure § doplots o pravess for deprotestion of polyamine palyaer,
thorehy resulting i the formatism of @ stimmlus responsive Polwinylansine (FVAL
Exampie 32 Synthesis of 2 hydrophobically moedified polveinvinnine (PYVA

stisuli responsive polviner based on 3 deprotected polv(N-

vinylacetamide)

fa31660] Lising the PVA obtamed from deprotected 4,060 kida polviN-

vinylacetamide)-linear homopolymer foan Example 31 a very high mslenudar weight
hvidrophobivally modified stinult responsive polymer was prepared ss follows,
{01611 100 g of a 2% sohution of deprotected 4,068 kDa poly{N-
vinylecetanude) was placed 10 2 glass jar. To the plags jar, 100 g of 4 mobar MaOH was
added o adjust to pH o approsimately 130 Next, 20 ¢ of -propansd was added to the

jar as » coesubvent. Pinally, 0.58 g of beazy! chlonide was added and the jar was eappad.
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The reaction was beated a3 60°C for 3 hours with vigorous shaking. After 3 hours, the
veantion mixture was eooled b room femperaturs and the product was precipiiated with
avetime and subsequently collected. The reselting sulids were washad with detorszed
water, followed by sopropyl alcohol, amd sere dried in a vacuum oven at 6570 for 2
days. The dry solids were groand to a fine powsder and the fmal dov mass of polymsy
collected wis 144 g A 2% solution was made by dissabving the dned powedar fnts |
ausfar acuthe scid and 0.08% HUOL The reeulting solution was saiod Ror sepsittaity to g
suitivalent ton stinwdus by drop wise addition of 2 molar sodivm phosphate oy 8.3
sclar soadinen witvate to Sml samples of 0.5% polymer silutions. Upon additon of the
phessphate or citrate fons a white procipitate is observad, theveby tulicating that the

polymier was responsive o ¢ multivalont anion stinndus,

fogial] Figare 0 provides a schomatic of the synthosis process deseribed i thas
Example,

s

Fasmple 33 Synthesis of o sthnulus responsive vinvigming { vinvibutvlether
copolvier {VA~ce-VBE

U R o another experiment, a stinutdus responsive copolymer was praparal,
which had one of the monomenie unity incladed o bydrophobic groap.

{01641 A stimulus responsive polymer comprised of sepeat unils containing
primary amines and butylethor was syathesized from monomery as follows, @ g of
eotane, 2.5 g of Span-83 (SIGMA), 16 g of N-vinylformamide (NVERALDRICH,
68%), S g of N-butylvinylether (SIGMAY, and 30 g of deionized water was placed g
250 yul, round bottom flask. The Hask was squipped with a wagnetie stier and a 1
dipatick, The solution was stirred snd puarged with Nz for | howr a8 the femperatire was

mersased to $5°C.
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{01651 Tnitiator solution was prepared by adding 030 g of 2.3 Azebas3~
smidinopropane Jdihydrochlorids (ABAPHALDRICH) @ 10 md. of dosonized water
and dissolved. The initiator solution was charged to the 250 sul, reand hetton Hask
congtaining the reaction sohution under nitrogen purgsd stmssphers. The sohstios was

sy

Bosted &t 3870 for | bour, followed by heating at 60°C for 1 hour, further Bilvwnd by
heating st 70 °C for | howr and folleaved by heating at 80°C i 1 henwr, with vigorous
stirring with continuous nitrogen purging. This tesulted in a twe phase solution sith g
sisvous wel laver on the bottssm. The tog laver was docanted sl discarded. To the
Bottorn layer, 206 sl of delonized water was added snd 28 g of 30% MaOH was added
sith vigoreus stiing. The solution was heated st 80 °C S § hoars, After § honars, the
sehution was removed frons heat and allowed to conl 1o roont wnperaturs. The voluma
was inereassd to 2 L with detesized water, The produst was ssolated by dropwise
addition of 2 molar sodian phosphate, resulting i a large white precipitate. The
precipitate was collected by decanting the supsrantant sl the precipitioe was washed
with deionized water. The isolated polymer was dissodved tn 300 mi delouized waler,
H g acetio acid, and 2 ¢ concentrated HOL The resulting sohation wag fosted fov
sensitivity to a aaulivalont ion stimndus by drop wise addision of 2 molar sodiom
phosphate or 0.2 molar sasium citrate to Siob sanaples of 0.5% polyomer solutious.
Lipon addition of the phosphate or ciivate jons a white precipiiate was shserved, thereby
mdicating that the pobymer was responsive 1o a muitivalent anton stinmilas,

HO0100] Figure 7 depicts a schematic of the reaction desonbed n this Example.
This sxample demonstrates that copolymers conlaining an amine or charged
functionality copolymertzed with a tedraphobic monosmer are responsive i a
mutiivalont 1on stimudes

Example 34 Syathesis o very high moleenlar weight polvviaviamine (PY A}




stimulius responsive polymer from NYVE monomer via hoarse

emulsion
puivimerization
HHEHAT] A stinmlus responsive polymer comprised of repeat anite containing

privaary amines was synthesized from a monomer as follows, 80 g of motane, 25 pof
Bpae RS (BIGMAY, 16 g of NevinyHormanids (NVFHALDRICH, 983, and 30 gof
delonivad water was placed {n s 230 mi round bottom flek. The sk was cqpuipped
with 3 magnetic stirrer and a My dipatick. The solation wis stirved and prrgad with 3
for | hour as the omperture was increased to 580, Initiatoe sohution wae propared by
adding .20 g of 2,¥ Azabis(l-am idinopropane dibydrochioride (ABAP) (ALDRICH)
W 20wl of detonized water snd dissolving. The Intbator solation was charged to the
256 mi rsund bottom flask contabring the reaction sohdion ander nittogen purgest
abmosphere, The selution was heated to 607 G 2 hours, follisevd by howting to 73°C
for 1 hour with vigorous stirrng with continuous sitrogen purging. & two yhase
sodution results with s viscose gel layer on the bottom. The tup layver & sdeamted and
disesrded. To the bottonn layer 300 mb of delonized water is addod and 48 g of 50%;
WO s sdded with vigorous stirring, The sofution was hested to 80°C for 16 o,
After 16 hours the sohution was removed from heat and allowad fo cool 0 room
temporature. The volunie was inersased to 1 L with dewnized seater, The product was
ssolated by drop wise addition of 2 molar sodium phosphate resalting in g bogs white
precipitde, The precipitate was collected by decanting the supsrnatant and the
mrecipilate way washed with detonized water and snaked in isopropsd slechol for 2
hoars and finally washed again with detonized water. The resulting solid mass was
dried n a vaguman oven at 83 °C for 3 days, The dried polymer was froven with Hguid
nurogen and ground 1o 8 fine powder and finther dried for 1 day. The reselting saas of

the dry powder was 215 g A 2% solution was made by dissolving the deied powder

H¥



into 1 molar acetic actd and 8.08% HOL The resulting soluton was tveted for sevsitivigy
1o 8 multivalent on stimudas by drop wise addition of 1 molar sodiens phosphate e 8.2
malar sodhum citeate to S0mL sanmples of 1% polyvoer solutions, Upos addiion of the

phwsphate or ciirate jons a white preciptiate &y ohssryved,

Example 3% Seyathests of 8 high molecular weight hvdrophabivally modified

poelyvinviamine (FV A} stimulus responsive polymer

{60168} Ulsing a solution of Lupamin 3095 (incar polevinviaming, gesmage
MW = 340 kD, 20 9% solids, pH 7-0) obtained from BASE, a hydrophobically
masdified stimulus responsive polymer was produced as fsHows, 300 g of Lupamin
SOOS (apgroximatiely 60 g of polyvinylanine) was addesd to 2 2 Hiter gless jar, Naxt, 40
goaed DaOH pellets and 300 mi of dejopined water were dissoived and added o the jar
Tius was followed by the addition of 5360 mi | 2-dimethogyethane (SERMAY a8 & co-
sofvent and the achution wag atirred viggeousty unnl homogenous. Nexy, 17,66 g beugyd
gidorids {ACROS ORGANICE, 9994 way added t the seaction jur with stiering. The
sofution swas Rested to 6070 for 18 bonrs with magnetie sthring. The sidution wis
subusquently allowed {0 cool o rooms tanperatire and transferved o a 3l beaker,
Next, 1500 mib. of detontead water was added with stirring, The pH wis adjusted 1o 8
with glacial geetic acid, The product was precipitated with stow addition o 230 mE 2
maotar sodhum phosphats and the solid was collected and washed with desonized water.
801691 The polvmer was further purified by the following method. The salid
wiss dissotved in 2 Hier of 1 molar acetiv acid with stirrmy. The fial volmne was
brought to 10 Hiers with delonized water and the pH s sdjusted to ¥ with drop wise
addition of 30% NaOH. The product was precipiated with addiion 800 g of 2 molyr
sodinm phosphate, The solid was fsolated via vacuun fltrafion and washed with

By

deionized water. The resulting solisd mass was dried in g vacuum aven at $3°C fer 3
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days, The dred polymer way frozen with Hquid nirogen and ground o 8 Hise powder
and further dried for T day. The resulting mass of the dry powder was 46 g A small
sample was dissolved in | molar CDHCOOD /510 acid and HNMR specirs wese
ohiained, which are depicted in Figure 8. The "H-NMR peaks were integrated and the
ansonant of beneyl modifieation was dutermined o be 18 %,

Fxwmple 36: 200 ¢ scale syothesis of 3 hydraph
based stimualas responsive polvamer

001761 {o am oxemplary experiment desoribed bergin, # was domonstrated then
the polymers deacribed herein could be manufictured on @ fvge scale.

HUBREE Lising a solution of Polyailvamine (PAA, NITTORQ, 130 kD) 6%
wiAwl ], a hydrophobivally modified stimulus responsive polymes was produced as
faliows, 500 g of Polyallvaming (PAA, NITTORGQ, 150 kD, 40% wirwt)
{approximately 200 g of polyvallylamine) was added 1o & 4 Her glass Jay, Nexy 8 g of
NaOH pellets and 1M mb of deiondred water wers dissobved and added o the jae
Followed by the addition of 1000 ml 1,2~dimethaxyethane (SIGMA) as a co-sobvant
and the solation was stivresd vigorously until homogonous. Next, T4 g of benayd
chdoride (ACROE ORGANICS, 99%0) was added 1o the reaction jac. The solution wis
feated at 60 °C for 106 howrs with magnetic stiming, The solution was silvwed o ool o
room femperature and transferred to a 10 Hter beakss.

01721 Mext, 1000 ml of deionized water was added with stirving and a sticky
sedid masy precipitated ont of solution. The produnt was farther precipitated with slow
addition of 200 mL 2 molar sodium phosphate and the solid was collerted and washed
with detonized water. The polymer was further purified by the following method, The
solid was dissobved in 3 liter of | molar acetic soid with stirdag. Thy total widume was

brought 1o 10 Hers with detonized water and the pH was adjusted 1o 7 with Qrop wise



addition of 30% NaOH. The product was precipitated with sddition 808 g of 2 molar
sacium phosphate and the solids was vollected and washed with detonized water. The
pustyiner was sven farther purified by the following method. The solid was dwselved in
3 fiter of | molar scetic acid with stirving. The total volume was brought to 10 biters
with defonized water ad fhe pH wis adjusted to 7 with drop wise additien of 309
NaOH, The product was precipituted with addition 300 g of 2 molar sodhnn phosphate
swwd the solids was collected and washed with deiomized witer, The sesubting solid mass
was dried I8 vacuunyoven at 63 °C fir 3 days. The dried palymer was frien with
Houid witmgen and grownd 1o a fine powder mad Brther deled for 1 day, The readting
wass of the dry poweder waa 250 g & small sample was dissolved in | molw
CRLOO0N RO acid and HANMER speotra ware obtained, as degioted jo Figure ©. The
HAMMEB peaks wers integrated and the amount sf berey! nwstification was determined
o be 33 M.

Example 37: Deterndnation of floccuiation porformance snd superpaiant quality

fisr inereasing doses of a stimulus reaponsive polviuer v @ eationle
polvelectrodvie in a THO el culture

(0173 In an exemplary experinient deacribed herein, the stimulug reaprasive
polviners acsording to the present invention were compared 10 3 knows wilymer fe,
chitosan, for conain desirable propertics.,

[0G174] CHO coll culture was propared using a mothad, as deseribed @
Examyple 1. A solution of 2% wiw solation of medium moleeular weight chitoson
MMW chitosan) (Sgma-Aldrich) was prepared in | molar acetic sond. A 2% wiw
sotution of hydropbobically swodified polyaliylamine based stimastus responaive {33%-
BuaPAA} pelymer was prepared according to Example # 36, 10 mil af the CHO cell
culturg was dispensed o 15 mill condcal tubes. Individual pelymier doses of 8.0, 1,

£§.2, 003,064, 0,05, 0.06, 0.07. 008, 0.00, 61, 0,14, 018, 022, and 84 % wiv warg



added o sach conical tube containing CHO cell culiure for each the LMW chitosan and
33%-RaFAA. Forthe conical tobes containing the 33%-BaPAA only, the pH was
adiusted 11 7.2 and g stimalas of 130 mM sodbim phosphate was appliod. All the
conteal tubes were cenirifuged at 3000 RPM for 2 minutes and the supermatant wan
deaanted and the turbidity was determined,

(0175 Tahle § bulow and Figure 18 summarize the results of @ ropresentative
experiment tr demonstoaie that a non-stimulis responsive patymer {e.g, chitosan)
requiras dose optivixation for efficient flocoulation, whereas, a stimulus responsice
polymer aecording o the present mvention does net appear fo require dose
sptinsization. In other words, in omse of & nup-stivaiius responsies polymey such a8
chitosan, pnee an optioa) dose of the polymer is added for effivient Socoulation,
sxoseding that optimal dose resalts in incroased dirbidity, wiveh i3 undestrabie,
Whaerens, i vase of stimuahus responsive polymers such is thase deseribed bersin, w
stivoulus responsive polymer continues to Te an effestive focoulant/pracipitant

repardioss of ncrease i the dose,

Tabl &
Polymer Floceulant Stinwdus Buporasiant
Dosg (wivite Polymer Floceglant | {vin} Torbidiv (N1

9 MMW Clutosar % 266

D.01 MMW Chitosan 2 14

6,07 MMW Clutosan i n 13

$.03 MMW Chitosan % 28

0.04 MMW Chilcsan % 208

0.08 MMW Chitosan % 283

Q.06 MMW Clatosan kS 31

.47 MWW Chitosan 3 325

0.08 MMW Chifcaan B 353

(.09 MMW Chitosan ) 378
“““ ~ i MMW Chitcsan B e
.14 MMW Chitosan 5 354

.18 MMW Chitosan B 4069

.23 MMW Chitosan b 4%

. 0.4 MMW Chitossn i n SO0
0 33% Benzyl modified | v 237




Polvaliviuinine i
33% Benzyl moditiad
8.0 Bolyadiviamine 264
33% Benwyl prodified
(.02 Polyalivianune ¥ 486
13% Benzyl madifiad
.03 'i’i}iyaii}'m:&}ine A3
33%, Beoanyl modified
RES S o Polyd Hvianine ¥ 293
""""" 310 Beney) modified
.03 Polvallyhunine ¥ 43
338 Bonzy roash fed
- 008 ihﬁydiix laming _ ¥ 13
0% Beneyl modifind
0.7 }*02\ allylaaing $ 4
33% Benzy! moditied
_______ .68 Polyallyianine X %
33%, Hﬁ:n;?:;«'i mdifind
.09 olvallvlsosne 1 ¥ 21
33% Borwy) modified
B 0.1 Polyallylomne X 24
' 13% Henzylmodified
...\ Polyaliviaming L A L
38% Henayl sodifted
0 L T Folvallylaonng & i7
13% Bengy! modified
______ 0.32 Polvaliviamine ¥ .
Hmm 1 modified
.4 Polvaltvlanune ¥ i

Example 38 Determination of Socculation performancs and supernstant guality
with inereasing dosss of g stimulus responsive polvmer in the

Presinge
of a muitivelont anlon stimudus velative fo ve stinugduy, in CHEE ool
06176} CHO cell culture was prepared using a method, as desontbed in

Example 1. A 2% wiw solotion of hydraphobically modified polyaliviamine based
stimal responsive (33%-BoaPAA)Y polymer was prepared aocording to Example # 34,
Individual polymer doses s 0.0, 605, 6.06, 0.07. 008, 0.08, 6.1, 034, 15 022, and
0.4 % wiv were added t cach conicsl tube comaining CHO vell calture in wiphicates
{one for phoaphate and one for citeate and one for no stimudi) for 33%-BaPAA polymer,
The pH was adjusted to 7.2 md o stimuhas of 150 mM sodium phosphate oy 150 s

socium citrals was applied or no stinwlus was applied. All the conical tubes wore
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cenirifuged s 3000 RPM for 2 minetes and the supsmatant wax seowred and the

centrate turhidity was determuned, The results from the experiments deseritad n this

example gre shown i Table € and Figure {1,

[00177)

Table 6 and Figure 11 summartze the results of & represeniative

experiment 1o demonsiate that a stimulus responsive polyewr feg., Jdeseribad in

Example 35} cany operats as # pon-stiraulus responsive Bocculant (simdlay o Chitosan

data i Bxample 37}, requirdng polymer shose optinization withsss a stimuaha,

However, wish a nudiivalest fon stimulus, such as phosphitie or citvate, the sthosha

responsive polynuer doss not reguire dose optimization as the centrate perbidity s not

effscted by increasing polvmer dose,

Table d
Reinmaius Supernaiant
Polviser Floveulant {phosphate’ Tarbidiy
o Dase (wi)% Polymer Flocoulant gitrate { nowed {(NTLG
3394 Henwyvl modilted
¢ _ Polysilylamibne phosphaiy 237
339 Renzyl nndifisd
.03 Polvaliviaming phosphate 42
339 Bonsyl maodified
106 Polyailviandie plhosphate 19
339G Reneyl modified
.07 Volvallylasgne phvapbaie 14
3355 By reodified
168 Polealiviamine chosphat HY
I3 Benodd modified
6§09 Polvallvianune phsssphate 2
33% Benzyl madified
.1 Polvaliviamine shospiate 30
33% Benzyi modified
.14 PFolvallylamine chowphats 17
33% Beneyl modified
(.18 Polyallylamine vhasphate | 17
3% Ronzy! medified
0232 Polyallviamine vhosphate | 13
33% Benayl modified
______ 0.4 Polvallylanine ohosphate | i4
33% Benzyl modified
3.3 Polyaliviamome cirale 1 3
33% Renzyl modified
(.06 Folvallviamine ciiraie 28
Q47 13% Benayl modified citrate i)




Polvallvlamine
33% Beneyl modified i
.08 Polvalivianume cifpme | 23
33% Benxy! modified
— G689 . Paigaliviamine G |9
13% Benzyl madified
H 0.1 Polvallviamine sirate 2%
33% Bempylmodified i
G4 i Eolyallvianune cifrte 13
134 Benod modifiad
818 Pnivn‘ fularning ciae 28
8% Beneyl modified i
022 ” ?’n‘\saiw B slgate 3
33%, ooy modified
{4 i-‘{}im,tz.\hml;m' L civage i
139 Benzyl mostified
e BE Pobvallviamine Qeng _ £l
33% Benest modifind
.46 _ Poelvalivhuyune RO 1%
I3 Heneyd modified
0n.a7 Folvallviamine e 33
23% Benzyl modifiad
...... U008 i’gdw&y?amm BUE e il
33% Benmy modified
R polyalivlaoine | mess S
3% Bennyl modi fled :
a1 Palvallylasine . hae 35
3% Beney nindifind
&34  Pulyalivieming none 19%
- 33% Renpyt modified
LR Polyaibvlamine 1 none T
3% Bonwy! nodifiad
4,22 Polyallviampne ___bome A3
13%; Renzy modified
{4 Pobvallylaning e 485

Example 3% Determination of flocculation performance and supernatant guadity
with increasing doses of an unmodified stimulus responsive polymer

i
CHO cell culture

Y in another experimeat, te flocoulation ability and sepersatant quatity
with an wnmodificd stimulus respovsive polymer in a CHO cell valture was determingd,
as deseribed herein,

{0170 CHO cell cultare was propared using & methad, as deseribed in

Example 1. A 2% wiw solution of urenodified pobvalbvlamine based stimult responsive
B yal



naiymer was prepared by dissolving Pobyallyamine (PAA, NITTORBO, 150 ki 40%
wifwt) i 1 nwrlar acetic acid. 10 b of the CHO cell calture s digponsed into 13 mi
goricad tubes. Individual polymer doses of 0.0, 0005, 6,06, 007, .08, 008, 1 014,
£.18, 0.22, and 0.4 % whw was added to sach comceal tabe voataaning CHO ool auloe
The pH was adiusted to 7.2 and 2 stmdus of 150 mM sodisn phosphate wies apphied.
Al the contoal tubes wers sentrifuged 1 3000 RFM R 2 mintes and the supsimatant
way decanted and the trbadity was detgrmined. The resulis from the experiments
desoribd in this example ane sbown in Table 7,

Table 7

Supernatyg
Palymer Flovculant Stimunbe | Turbidiv
Frose twivi®e Polynier Flocculant {vin} {NTH
wiieedifiod 130KD
_4es Palvallvamine i in
usodified 150KE
~~~~~~ RO Polvallyamine % 438
wnndified 50D
.47 Polyalbvamne 1 873
wnaehifiod TR0KD
.08 Polvallyaming 5 H58
nmodified 150ED
.......... 0,09 Polypllymoiae 0 # 247
urpedifiod 130KD
R Polvallyanine i S 1600
ugnediffed 150k
SR 1 S Polyaliyaine WL S0
unedified L30RD
418 Polvallvamine % R LY
umodified 130D
(.22 Polvallyamine 31 >
uiedifisd 150kD
(.4 Potvallyanune n L D

Example 40: Determinstion of flocculation performance, settling fime, snd
supernatant guality g stimull responsive pelvorer in CHO el
gulture

{00180 {HO celt enlture was prepared using a method & desented m bxample
£ A 10% wiw solution of 8 hydrophobically modified polyvallvlanune based sthoul

responsive (33%-RaPAA) pobymar was prepared similar to Exsonple € 36, 50 mi of



CHO cell vultore was placed in s 100 mi glass graduated ovlinder i duplivates. In oes
of the cylnders, the stindus responsive polywer was added 1o 2 dose of 0.53%, the pH
was adjustod o 7 with drop wise addition of 2 wolar s base, the sodiam phesphate
soncentration was adjusted to 50 mM by addition of 3 2 molar sadivm phosphate
selution, snd the solution wis stived for 2 mbmstes. The sodbi plosphaty aud pl
adiustment was performad in order to pracipitate the sthmulus responsive polvmer sed 2
compley of cells, coll debris, imparities, vesidaal polynwe to Socculate the sobids] and
to increase particle size. After the sodhan phosphate addition and pH adivetmen, large
aggrsgared particles were obssrved i the ationdus rexponsive polymur trested foed. The
ather graduated cylinder wag stirred for 2 mingtes and nothing was added. Both ef the
evlinders were allowsed to sit andisturbed for 1 hear, At the eod of an howr, the
superratant was asprosted and the turbidity was recorded,

0181 1t wis obasrved that the solid phass dis the sylinder with the saart
potymer seitles faster as well as a dofined actiling front {sharp solid to fpuid phase
seansithon) relative 1o the solid phase it the untreated oylinder, which gave wandafinud
setthng front.

[a1E2) The resulis of one such sxperiment are sumnarized i Table 8 The
measurernents with reepect o the suitfing fronts were a rough setimate for Ge unireated

oylinder becauss the setiling front was largely dispersed and undefined,

Table 8
T Polvimer Sestling Front (% Finsd Supernatan
{minudes) g Nulids)y Turbidity (8T
) 339 Benayl medified ;
i Polvaiiviamine il
. 33% Benzyl moslified e
al Polvaliviamine i
30 335 Beneyl modified 62
o L Polvaliviamine -
13% Benmyd modified
w Polyaiivionise o
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50 33% Benzyl podified 4
i Polyallylumine '
&0 33‘5;5; Beny s}*;qdified- 2 %
civaiiviamie
10 Tone 143
20 Noge 100
3 PMone 95
44 None 93
o Dione . - R
""" _Noeve | 84 NER

Example 41 Comparison of clavifiegtion perfvrmanes asing polvantnes of
different molecuiar weights

{GOIR3] A series of polyrners with different molecular weighty wers shtaned,
moditted, i used to Hoceulate, procipitae, and pundy a celt culture. Podynues with
primary amine repeat units of molesular weights of 13KD, 8SKD. 130RD, 330KD, 600-
GSGRD and 2O00-4000KD were shiained and/or modified by e following methods,

FOO IR The 15KD prfvalbvlumine polymer was oblaiped from NITTOBQ and
was henzylated {vovalently attachesd banzyl groups and prrtfied) wsing a method stailay
to exanple 36, The 35810 benaylnted pedyvinyloming polvier was propared by
Bxample 13, The 130kD benzylated polyaliviusing was prepared according to Exsmple
36, The 350KI bengylated polyvinylamine polymer was preparad by Bxaaple 35 The
SRR pabvvinylamine polymer backbone is prepared by bydrolyzing Polymin V2
{BASE) with 2 equivalents of base at 80°C for § hours. The enmdified 2000-400064D
FYA was prepared according to example 31, The bengylated 2000-8000ED) polymer
wasy prepared acoording to Example 32, The polymirs were used to Hocvulate,
procipiate, and purify a OHO DG4 cell calture of approximately 12x 10" collsiml. and
a harvest eoll viability of < 30 %. The flocculation was perfamed at polymer doses of
.2 % and 0.4 % wiw, A solation stimehus of SmM sedbim phisphate and pH

adiustiment fo 7 with 2 molar iris base was applied,
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REEIREY: Uthservations abont the flock size were recorded snd are denoted ae +
being small flocks and +++++ belng very large aggregates. The vials densted Hebt
were more of @ compliects zone separation than a suspension of aggregates, It s also
noted that the larger aggregntes/particles settle faster with # sharper solid fignd

&3

interfacs. Roxolts arv shown i Table 9, which donmetrates the vesulis fr Qocondation

asing polyamings of difforent molecniar weights,

Table &,
Moleowder Weight | Polymer Dose | Aggregate/Particle
(RN {(whw} Sles
13 g3 +
o % \5\
] 3.2
35¢ ) .2 A
USRS I ) e h
HBGAHGD i {2 kot
1% ) {4 4
85 - 0.4
- 186 “i'}‘ﬁ Aot
s S 2 e
...... 600900 04 T
2000-4000 0.4

Example 42: Comparisun of elavification performanes using polvamises sf
different hvdrophohic modifications

{0186} CHO colf culiure was prepared asing @ method, o dexeribed ia
Example 1. Samples of polymess described in Examples 31, 32, 32 and 38 were ashiled
s the colf cubture as described in Example 38 with the follinwing exoeptivms: The
polymer dose was between 0.1 wilt apd 0.6 wilo as described i Table 10, The inigal
cell culture turbidity was ~900 NTU and the centrate withsut polyruer troatment had a
surhidity of 212 NTU, The pH was adjusted to 7.2 and a stimehis of 8t mM ssiom
phosphate was applicd, Al the comcal tubes were contrifiged at 3000 RPM for 2
minutes and the supernatant was decanted and the contrate tubidiny was dereendned,

The reaulis frorm the experiments desoribed 1o this example ave shown i Table 10,
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which demonstrates the performance of different hydmpholie modifications &t difforent
polynmr doses,

{33187) Table 10 denvmstrates that by vhanging the watare of the hydvophobic
groap andlor polymer molecular weight, the response fo stimvalus and resalting condrate
wwrbrdiy can be vaned,

Tabde 18,

* Polvmer Dose Lateas
Polvaer ® {."y W) ) Turbidity
' {MTLY
Untreated 4 11
{\u Polymer) ' e
8.3 13
0.5 e
LE G2
0.2 s

e {’ o
0.1 i
{2 {3
(1.4 15
{5 32

Example 43:  Eifeet of Reduced Turbidity shtained i
Polvaers on Boewnstream filtration

th Ntimahn Responsive

LETRRY T order o assess the affect of the stinulus reaporsive polymer on
subsequent contrifugation and depth ftltration steps, the following provedun was
followed. DIG44 chiness Hamster Ovary (CHO) coll line expreasing PTG antibody
ware grown v a 0L blorcactor (INEW BRUNSWICK SCIERTIFIC) to  density of
about 13x106 vellsiml and harvested at < 30% viagbility. A 1% win sohution of a
svdrophobically modified polyallylamine based stimali respomsive (33%-BaPAJY
polvmer s preparsd sirilar to Exaople 36,

[00189] e fraction of the DG4S CHO cell calture & treated wigh Q2% of the

stimulus responsive polymer 33%-BaPAA, while snotber fmction of the DG CHOG



cell culture vt treated. To the stimulus responsive polvimer tuated cell sultwre, the
sodium phesphate concentration is brotght fo 30 mM by drop wise adilitisat of ¥ molyr
sodivm phosplate and the pH is sdjusted s 7.2 by drop wise addition of 2 molar tris
base. The sodium phosphate and pH adhustment is perfrmed W order o previpiiate the
stinmlug responsive polymer and 3 complex of vells, cell dobuis, tupuritivs, rosidad
polymer, and 1o flucculate the solids, and increase particle stor. After the sodinm
phraphate sckBition and pH adjustment, Jarge Sooked particles ave observed in the
stimuus responsivi polymer treated feed, Both fractions werr ventrifugesd for 3 aunuws
3t 3000 RPM and the supermatuts wers decanted and the nuebidity was detersuned, The
centrate turbidity for the 33%-BaP A A polymur treated fosd wiss detzrmived to be 16
ST while the centrate turbidity for the wntreated feed was dotamnined fo e 60 NTLL
{01801 Eepth filter throaghput for each foed was dutermind by the Tollowing
medhost, A NOHC Millistak+® Pod Disposable Depth Filter (MILLIPORE] with a
surface srea of 230’ uaed for sach foed. The depth filters were equipped with s
peristalis punp and sn in-dine pressare seasor. The Hlers sore Thashed with detonized
water according to instractions and the fesd was pumpud through at 100 LMH and the
filsrates were pooled. The posled trbidity for the 33%-BaPAA pobymer tealed foed
filtrate svas & NTU and the posted trbidity for the anirested feed trate sas 8 NTL
The filter throughput for the 33%-BnPAA polymer treated foed was 1304 Limd at 18
osi, at which time the experinuent was siopped hecause of foed houtations. The filter
throughput for the antreated fred was 206 L/m2 at 20 psi, at which Gme the expenpient
was stopped because of pressure limitations,

Example 44 Porification of a nodel protein stream with s stimulas responsivg
pulyvimer followed by capture with a affinity resin

HER S in order 0 better assess the affect of the stinnidas responsive polymey

on subseguent purification steps, 8 mwdel feed was prepaved and the following
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procedure was followed. CHO cell culture is prepared using 3 method shmstlay to
Exanple L foitial Foed HUP fevel ~ 210.000ppm. A 186 wivw solutin of 2
hvdrophobically modified polyaliviamine basad stimuli respombve (3396 BaPAA)
psiyimer iy prepared simifar to Example 36, One fraction of the CHQO celf salture &
teated with 0,19 of the stiomdi responsive polynier 33%6-BaPAA, while another
fraction of the CHO soll culture 15 treated with §.4% of the stivanli cesponstve polviney
I¥-BaPAA, and a thind fraction of the CHO cell calture s wot trested. To the shinlt
sesponaive pelyimer treated eutl culiures the sodivm phosphate congentration i hroogly
30 mM by drop wise sddition of 2 molar sodions phoaphate ssd the ol s sljustod in
7.2 by drop wisy addition of 2 molar tris base, The sodivm phosphate sad pH
adipdment §s performaod in order to precipiiate the stinadl responsive polviner et &
cosmplon of celly, cett debris, mpurities, restdasd polymer, and o Seculaty the suhds,
and inercase particle size. Afler the sodium phosphate addition and pH sdjostnuat bege
flnoked particles are observed b the stiruudi rexponsive polymer treated fords. Bach
fraction of the selt culture iy contrifuged in 2 lab scule backet centrifige for § mimues at
3000 RPM. The tarbidiy of cach centrate is revorded snd wported ta Table 11 The
sentrates are filtered through & 0.2 00 Darapore® filter,
FO01921 The filtrate pools were purified through # teee step chronatigraphy
based purification consisting of protein A aftinily chromatography {ProSep Ultra
Plus®), bind-and-clute cation exchange chromatography {FroRes S®), and membrans
sdsorber amon exchange chromatography in flow-though mode {Chromaloeh 8). The
purifiwation was performed on @ chromatography workstation sceording fo the methad
i Table 12, The pools for each slep were analyzed for host ool protein {(UHOP hy

FLIBA, leached Protein A (L ProA) 3 by BLISA, residual DNA by PicoGroen & sssay,

&2



arrbidity, aggrepated protein {AGG) percent by stxe exclusion HPLL, and protein

comcentration by UV absorption,

Tahle 1
Mab CHOPR
; Fead Cendrats | Regovery | Removal RNA
. Treatment | (NTU) (%) () - fugionly
Cantrifuge
Oy 147 100 8 4%
5.1%
Ha28FAK 73 D 54 <L
£.4%
BnZEPAA 8.2 fit 80 <LK
........... . Frotein A Pools
Viras
inactivation,

Faed fowe pH hold | Blep Yield {HOE L Prof ON&
Trealment Poot (NTL) {343 A{ppm) AGG % {ppany fagimig
Sanbrifuge

Cinly 45 98l S KT a8s

D1%

BogaPAL 34 o8 507 2.8 <L M3

4%
BraBRAA 2 100 287 K] <L
Cantrifuge

Cidy 87 4 P <L GG L LR

0.1%
BrzbPas 91 82 24 <L <LOG

0.A%

BNASPAA 86 £ S 24 | Q0§ <0
ChromaSork Pools

Fang Step Yield o DN&
Traghmant £} {ppin} £ P {ugimi
Cenirifugs PR

Oniy 93 <O <L <L O0

4.1% 0.7 o1

- Bn28PAA 88 =LQQ <L <L
8.4% G7¥ar
BZBRAR S8 <LO <LOQ <LOQ
Table 12.
Profein &
Cohlurnn
| Dimensions .66 X 14 em
Hathod
Duration
{Column | Residsnce
Stap Buffer Yohumes) | Time
1EQ Phoapahie buffared saline & '3

&3




Load 4, Smaimb Clarified nedatock 2id i 4
“Wash Phospabis bulferad ssling 8 3
Siution S0mM Acelicacd, pH 30 & 3
Anid Sirig 150 Phosphornic aaid 2 3
s Fhospahis buffered saling & 3
Cation Exchange
Column
Dimansions .88 X dem
Mathod
Deration
{Cohinn Rasidencs
Siep Butiar Yolumaes) Time
s0mbd Acstic acld, 28mM Nadl, pH
EQ B s 34 3
Protein A slution poot adjusled o pht B :
with S0mM Agstic acld, 28mi MaCl, foad density = ¢
Load pri .0 gl 4
Smbd Acetle avld, Z5mb NaCl pM
Wash .4 3 3
Sombd Acstic acid, 129mM NaCl, pH
Satlon 5.0 g 3
Sthndd Avetle avid, H00mM NaGl, pH
dali Sivp BEERY 3 3
 MaQCloaning . LOBMNBON . asmmmins s 3 3
S0t Avetic avid, 25mb Nall, pH
B 5.0 15 3
Anlon Exchange
“ChromaSorb 8 |
i
Nethod _
Duration
{Column Flow Rats
Step Buffer Volumas) {mbiminuie}
EQ SoM TriapH T 4 200 3
_ Cation exchangs pool adiusted with Load Density =
Load ShmMirispH 7.4 25 kgl 1

Example 453: Purification of a nundel protein siream with g stimulus responsive

palvmer followed by capture with a cation exchange vesin

60193

o order fo better assess the alfect of the stimulas respoasive polymer

on subseguent purification steps, the following provedurs was followed, DGIS Uhmese
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Fawmster Ovary {CHO) cell Hne expressing PTG antihady were grvvnnma HL
binreactor {New Branswick Sciendific) to a donsity of sbout1 Sx106 cellv/mi. and
harvested at « 80% viability with an HUP level of ~ 142000 ppm.

[00194) A 10% wiw sohution of a hydwphobically modified polvaivlamime
faased stinmli responsive (33%-BaPAA) polymer was prapared similar to Esample # 36,
One fraction of the CHO cell caliure was treated with 8.1% of the stimali responsive
pehvmer 3396-BrPAA, while guothey fraction of the CHO colf suliire was treated with
0,496 of the stiruli responsive polymer 33%-BaPAA, and 2 third freetion sl the CHO
sl sulture wis not treated. To the stimuli rexponsive pobymer treated ool caltures,
siadivnn phosphate comcentrabion wi brought to 50 mM by drop wise addition o2
swedar sodinm phosphaie and the pH waz adjusted 10 7.2 by drop wise il of 2
wolar iy base. The sodiwmn phesphate and pH adjustment was performed fo anler o
precipitiie the stimuli responsive polymsr and a complex of cells, coll debsis,
fmpurities, residaal polyowr, and to Rocoulate the solids, amst mressy particke sfee.
After the sodiwmn phosphate addition and pH adbisoment large sgerogated particles arg
observed in the stimull reaponsive palymer treated feeds, Faeh fracton of the eell
calture is cenrifopsd B o fab scale bucket contrifige for 5 nunutes &t 3008 RPM The
parbidty of each contraly is regorded and reported i Tadde 130 The contrates ware
filtered through a 0.2pm Durapore® filter,

f60195] The filirate poals were purified trough a e step chromstography
based purification consisiing of hind-and-eliie cation exchange chromatography
{ProRes 58, and mombrane adsorber anton exchange chromatography in flow-though
sade {ChromaSorb ®). The purification was performed on a chonwtography
workstation acvording o thy method in Table 12, The pools foreach slep wers

analyzed for host vell protein (CHOR by BLISA, leached Protein A {L ProA} by



ELISA, residual DNA by PicoGreen &

percent by sive sxclusion HPLC, and protein concentration by UV absoaption,

Table 13,

s assay, nurbidity, aggregated prowin {AGGH

Feed Treatment Centrate | Mab Recovary {THOP nNa
_________ 2 R ENTU) (%) Removal (%) | (ug/mi
untreated > 000 G i FLY
1% Polvier 2 92 38 <EO0
(.4% Poiymer 12 N 88 <L
CEXPooke
Fepd Trestment ’“‘hm?ﬁﬁ;em JCHE 31»’% fppm}
elomer i 897
0. 4" s Potvmer g4 Rty
“““ B  ChromaSorb Pools
Vesd Treatmnt hmng\:c @ JOHOPT (paoy)
819 Polemer (B 37
(4% Polvier 57 238

Example 46;

L 96)

radlitvalent ion stimoelus, whe

smalus resprnsive polymer,

00197

foltowing recipe: 16z of PAHEMA (Aldrich $6958830,

BisHEMPA), 0.2 g of Irgacure 2959, 9318 g of water. A podvetiolons yoombrang

hvilroxveth lmethacn fate {1‘,;315 A

In another exprriment, & membrane was modified o Incorpma 2

re the membrans can be used for romoval of resadual

T5% PAHEMA and 25%

A 16% agueous mixture of PAHEMA was propared according o the

{1.65um, UPDIP MILLIPORE) was proweited with methano] and exchanged e sater

and treated with the PAHEMA fomulation. The sample was exposed to UV hght,

washed with methana] and water, and dried, The weight added to the membrane by thig

surface modification was 4.4%. The infraved spectnan of the wendwane displayed s



strong methacrylate carbonyl absorpiion. Saining the membyane with methylons blue
{a positively charged dye) gave & deep blae color with a oyan aptieal density of 143

Exnmple 47: Hyvdrophilic polvethylene membrane surface modified with
phospluric

acid Thydroxvethvimsthacryiate {PAHEMAY

{1 9%] A 16% agueous mistre of PAHEMA was prepared soomding to the
following recipe; 16g of FAREMA (Aldrich £605880, 75% PAHEMA aud 253%
BRHEMPAL 0.2 g of lrgacure 2958, 948 g of water. A bydeoplulon menabrang
{06500y, MPLC MILLIPORE) was directly contacted with the PAHEMA solution, UV
sxposure and washing s above gave 3 membrane with & 7.6% add ma. The indraved
spectrant of the mentbrane displayed g strong methacrylase savbony] absorption,
Raiving the membrane with methylene blue (8 positively chargad dye} pave o doop blue

color with a cyan optical dessity of 145,

Example 48 Hydrophilic peivmethacrylate resin supdified with phosphoric acid
3.

Bydroxvethvimethaorvigie (PAHEMA

{3199} fn another experiment, & resin was yoodified o include & stinndos,
whare the nusdifiesd resin could then be used for removing the meidund polynee,
Q200 A solation is prepassed with the following composition: 60ad allyl
shveidyl ether{ AGE), 110g 4M NaQH, 12y sodium sulfute, To this selutions 6l o
ToyoPearl63C media is added and the mixture is placed in 2 rotating hybrwdizer at 30U
firr 16 hours. The media are separatad and washed by standard procedhures. The
PAHEMA grafting solution is prepared as follows: 1.0g FAHEMA, G068 ansnonturs
persulfate, 9.0g watgr. To this solution is added Sml of the AGE modified ToysPearl

media. The mixiure is placed fu a hylwidizer at 80C for 16 bours. Sepanatimg wul

washing by standard procedures gives the PAHEMA modifiad resin. This produect siains

Fey
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Jark biue when freated with a Q.01% agueons sofution of methylene boae which s 5
pasitively charged dye.

Exsmple 49 Stimulus responsive palvmer binding with an Hydrophilic
olvethyiene

membrane suriace modified with phosgphorie wid -
hvdrexvethvimsthacrviate (PAHEMA)

{G201 The FAHEMA modified MPLO rontbrane (Brampls 47) was iaed
waptre potvaliviamine (PAA) polyvmer from 3 solutions comabing 10, 18 and Tppm
BAA respectivedy using the following experimental procedire. A mendnane disk 20mm
provessed dusnetsr t iee ool holder. PAA solutions processed at { Seeime. The
mennbrans wie washed i and out of coll holder with 1l PRS bafler, Provessad
suwmbrane staived with Poncwau &,

00202 ] Posszeny N i @ nogatively charged dye thit abeords strongly o
positively charged surfaces. When FAA ix abuorbed by the PAHEMA maodifiad
smesbrane, the surface is convertesdt from st negative 1o positive charge. This convarsion
ix sasthy observed by staining the provessed solution with Poncean 80 A good wessurs
of degree of Maining with Foncean B 18 the magenta optical densisy as measured with a
Macheth Densitometer. The magenta optical deusity values for various procesaed
mrenthranes (1o, aded with PAA)Y ont both the upstresrn and dowastream sides of the
membrans are shown i Table 14,

F30203] As can be seen for the Tppm cage, sl of the FAA 1= captred sm the
upatream side of the membrase. For the 15wl of provessed solution, this corresparsda

i 4.8 micvograns of FAA/em2 of membrang surface.

e
s



[080204]

Table 14,

PAA Losding Upstream {Topside) | Downstream (Bollomside}
{PAA procgssed) Magenia - Magenta Optical Deasity
Optical Density )
Unprocessed 0 _ {1
Hifhmaa _ 0.77 B €77
10ppm 0.75 676
\\\\\\\ ippan {164 i
HOO3GS] Acordingly, based on the resulis front s Example, R nay ke

coneluded that the modiffed menthranes sad resing desenibed horeln may be ased for
seducing the lovel of residual polymwer or coropletely remiving the residual pedymer
{0206} The spenification is most thoyougbly understond in Hght of the
taachings of the reforences oited within the spevification which are heraby incorparatid
by pefbrence, The embodiments within the speeification provide an ithateation of
ernbodiments in this inventiont and shonld not be constned o linut s soape. The
akiffed artisan readily recognizes that many other embodiments are enveanpiased by this
fvention, All pubBeations and inventions are incorporated by refesivee in thewr
satirety. To the extent that the material incorporated by refuence sontouliols o i
mconniatont with the prosent specification, the present specification will suparaasis any
such material. The ciiation of sy referances herein i not an admissiom that such

reforonces are prior at to the present vention,

{00207} Unless otherwise indicated, all numbery expressing quantities of
ingredients, cel] sulture, treatmens conditions, and so forth wed in the specification,

e loding clatis, are to he understond as being modified In all instances by the erm
“shout” Accordingly, nnless otherwise fndicated to the contrary, the wmunerical
parameters are approximations and may vary depending upoa the desired properties

sought s be obtained hy the present fovention. Usnless othenwiss indicared, the ferm "t
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teast” preceding o series of elements is fo be understood {o refey to pvery elomont (i e
series. Those skifted in the art will recogaive, or be abli to sscorain uxing no mow
than youtine experimentation, many equivalents to the specific embodiments of the
fovention deseribed herein. Such equivalents ave intended 10 be envompasaed by the
following slims

HEIRAES! Many mistifications and variations of this vention can e made
without departing from i spirit and scope, s will be apparent to those skilled in the
art. The specific embodinments deseribed heredn ave pffored by way of sxanyple anly
and are not meant to be Holing inany way. It & infended that the spesification snd
examplos be zonsidered sa exeroplary ondy, with a trae soops and apivit of the invention

heing hubicated by the following sligms,
&8 3 £
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What is claimed is:

Claims

1. A soluble stimulus responsive polymer comprising a polyvinylamine backbone
comprising one or more hydrophobic groups attached to the backbone, wherein the
polymer is capable of binding and precipitating a biomolecule of interest in a sample

upon addition of a stimulus.

2. The soluble stimulus responsive polymer of claim 1, wherein the backbone

comprises at least two monomeric units.

3. The soluble stimulus responsive polymer of claim 2, wherein the backbone

comprises at least three monomeric units.

4. The soluble stimulus responsive polymer of claim 2, wherein each monomeric

unit in the backbone comprises a charge.

5. The soluble stimulus responsive polymer of claim 2, wherein at least 50% of the

monomeric units comprise a charge.

6. The soluble stimulus responsive polymer of claim 1, wherein the biomolecule of

interest is a therapeutic polypeptide.

7. The soluble stimulus responsive polymer of claim 1, wherein the biomolecule of

interest is an impurity present in a sample.
8. The soluble stimulus responsive polymer of claim 7, wherein the impurity is
selected from the group consisting of host cell protein, endotoxin, DNA, RNA, viruses,

lipids, whole cells and cellular debris.

9. The soluble stimulus responsive polymer of claim 1, wherein the stimulus is a

multivalent ion.
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10. The soluble stimulus responsive polymer of claim 9, wherein the multivalent ion

is phosphate or citrate.

11. The soluble stimulus responsive polymer of claim 7, wherein the therapeutic

polypeptide is an antibody.

12. The soluble stimulus responsive polymer of claim 11, wherein the antibody is a

monoclonal antibody.

13. A method of separating a target molecule from one or more impurities in a
sample, wherein the method comprises the steps of:

(a) providing a sample comprising a target molecule and one or more impurities;

(b) contacting the sample with a soluble stimulus responsive polymer comprising
a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the
backbone thereby to form a complex of polymer and the one or more impurities; and

(c) adding a stimulus to the sample, thereby to precipitate the complex out of
solution,

thereby to separate the target molecule from one or more impurities.

14. The method of claim 13, wherein the method further comprises one or more

filtration steps.

15. The method of claim 13, wherein the method further comprises one or more

chromatography step.

16. The method of claim 13, wherein the stimulus is a multivalent ion.

17. The method of claim 16, wherein the multivalent ion is phosphate or citrate.

18. The method of claim 13, wherein the polyelectrolyte backbone comprises at

least two monomeric units, at least 50% of the units comprising a charge.

19. The method of claim 13, wherein the polyelectrolyte backbone comprises at

least three monomeric units, at least 50% of the units comprising a charge.
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20. A soluble stimulus responsive polymer comprising the following structure:

1
R ;

Py - K*-.h ,.,-"’"/ K-\\\_\__.i"",%’

-~ M, -\.Y.-
[ 1 [
Ry
|

| in
By
R, Ry

R,

wherein the polymer comprises a carbon containing polyelectrolyte backbone; Ry,

Rz and Rs are charged groups which form a part of the backbone; R is a hydrophobic
group attached to a charged group in the backbone; Rs is a group possessing a charge
opposite of the charge found in R+, Rz or R3; and n is the number of monomeric units in

the polymer, wherein n is equal to or greater than 2.

21. A method of separating an antibody from one or more impurities in a sample
while minimizing residual amounts of polymer, the method comprising the steps of:

(a) providing a sample comprising an antibody and one or more impurities;

(b) contacting the sample with a soluble stimulus responsive polymer comprising
a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the
backbone under a first set of conditions suitable for the polymer to bind one or more
impurities, thereby to form a first complex of polymer and one or more impurities,
wherein the first set of conditions comprise adjusting pH or salt concentration of the
sample during or after the addition of the polymer;

(c) precipitating the first complex from the sample under a second set of
conditions;

(d) contacting the sample with a stimulus comprising a multivalent ion, thereby
to form a second complex of residual polymer and multivalent ion; and

(e) precipitating the second complex;

thereby to separate the antibody from one or more impurities in the sample

while reducing the amount of residual polymer in the sample.

22. The method of claim 21, wherein the antibody is a monoclonal antibody.
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23. The method of claim 21, wherein the one or more impurities is selected from the
group consisting of host cell protein, DNA, RNA, viruses, antibody aggregates and cell

culture additives.

24, The method of claim 21, wherein the sample comprises a feedstock.

25. The method of claim 21, wherein the sample comprises cell culture media into

which an antibody is secreted.

26. The method of claim 21, further comprising one or more chromatography steps.

27. The method of claim 21, further comprising one or more filtration steps.

28. The polymer of claim 1, wherein the hydrophobic group is a phenyl group.

29. A soluble stimulus responsive polymer for separating a target molecule from one

or more impurities comprising the following formula:

wherein the polymer comprises a carbon containing polyelectrolyte backbone; R4,

R2 and Rs are amine groups which form a part of the backbone; R4 is a phenyl group
which is attached to 5% to 75% of the R+, Rz or R3 groups; Rs is a cation exchange
group modifying 5% to 50% of the R1, R> or R3 groups; and n is the number of

monomeric units in the polymer, wherein n is equal to or greater than 2.

30. A method of separating an antibody from one or more impurities in a sample
using a stimulus responsive polymer, while minimizing residual amounts of polymer, the
method comprising the steps of:

(a) providing a sample comprising an antibody and one or more impurities;
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(b) contacting the sample with a soluble stimulus responsive polymer comprising
a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the
backbone under a first set of conditions suitable for the polymer to bind one or more
impurities, thereby to form a first complex of polymer and one or more impurities,
wherein the first set of conditions comprise adjusting pH or salt concentration of the
sample during or after the addition of the polymer;

(c) flocculating the first complex from the sample under a first set of conditions;

(d) removing the flocculated solids;

(e) contacting the sample with a multivalent ion, thereby to form a second
complex of residual polymer and multivalent ion; and

(f) precipitating the second complex

thereby to separate the antibody from one or more impurities in the sample

while reducing the amount of residual polymer in the sample.

31. A method of separating a target molecule from one or more impurities in a
sample, wherein the method comprises the steps of:

(a) providing a sample comprising a target molecule and one or more impurities;

(b) contacting the sample with a soluble multivalent ion responsive polymer
comprising a polyelectrolyte backbone comprising one or more hydrophobic groups
attached to the backbone, wherein a multivalent ion is added during or after addition of
the polymer, thereby to form a complex of polymer and the one or more impurities;

(c) precipitating the complex out of solution,

thereby to separate the target molecule from one or more impurities.

32. The method of claim 31, wherein the multivalent ion stimulus is phosphate or

citrate.

33. The method of claim 31, wherein the stimulus responsive polymer is a

copolymer.

34. The method of claim 31, further comprising the step of removing a residual
amount of polymer after step (c), wherein the step comprises the use of a membrane or

resin modified with a multivalent ion.

35. The method of claim 34, wherein the multivalent ion is phosphate.
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36. The method of claim 13, wherein the polymer is selected from polyallylamine

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic
group.

37. The method of claim 36, wherein the hydrophobic group is a benzyl group.

38. The method of claim 30, wherein the polymer is selected from polyallylamine

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic
group.

39. The method of claim 38, wherein the hydrophobic group is a benzyl group.

40. The method of claim 31, wherein the polymer is selected from polyallylamine

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic
group.

41. The method of claim 40, wherein the hydrophobic group is a benzyl group.
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