STThI ULUSRESPONSIVfi i RS FOR | NFOF JO It)LECULi (000 Provision& Patent Appi
con t)t '"if "Which a ncorl ication clains the heneth of priorityof S

61/ 395, 9wofbiledemai |, 2010, the entire .ein in its cnUpeagus20ifioadods of

I nventinn 100021'the prosenrttau.,trpoisnorsn.tr eotcmur.dccation.. In
particul ar, the“gresenpvynvontgonleasto‘s usefuL.hlrsthe_nurthesbon

of ol ecuJe fronmaisH A AR A ¢§ BRGNS AF o RBIRE A Bl .
liackt,irk: ppitl [000Eff|C||orn anepur Stk oftt0|nokculcs such as,
0.9.., therciieutic protens |nclud|ng a.tnibodies....iaiitingiy inportant
consi de. udt i @i 8iff phfie bi ot echnol ogy ans. pharitaccqttical industries.
Generally, tRETOCESScii arc It tati xixJui.le rrony different typicakof
pint 110 crest hr insertion eta ran rid cell lines trigineerrid to

containing theg; eh: rigangeddd@hiication cnims the benefit of prisvity of U,

Provisional Patont Appheation Na, 517393769, filed v May 17, 2010, the entbe

content o which i monrparated by roferencs hereln In s entirety.

Figld of Inveniion

RET R The present iwvention relates o polymaors useful for protein
puriffvaton, fun partiowdar, the prosont mvention relnes, af least Yo part, to stimulus

APOTEIYE ol VINeES wae or Hw punihoation of 5 trget mo & froom @ sampls
respovisive podymers useful for the purification of # target molecule from o samp
contaiping the target nudecude and one and mows fmparities,

Backereund

{0003 Effciont and soononsic large svaks purification of hoasdecules such
as, £.2., herapautic profeins inchuling antibodivs, is an invrsasingly fmportant
consideration fiw the bisechnology and pharmacsation induatries, Generadly, the
parification progesses are quite elaborate and expensive and inchude many differem
steps. For exampde, tpically, in the cass of profeiny, proteios ave presdueed using celd
cutture mathody, g, using either pammalian o hacterial cell Roey eoginsersd to
moduce the protein of heterest by sertion of & recontyinam plasyoid contatring the
gene encoding that protete In genseal, following the sxprossion of the target protein,

2., host ool

iy separation froen ong o more endesired components mcluding, ¢
£

e

profeins, media by-producty and TINA, poses 3 fomidable challenge. Sush sepamtion

o

is expecially inportant when the therapeutic proteins are meant for wie i hamans and

fave to be approved by the Food and Drog Admintstration (FDRAY



proteins, nediaproduct's have to beed by the I; oses a
thrmdahlc chail cr therapeutte pro [00041hi. general, separation and/or
purifi catwonopwmae®gses that are currently being used forcprust@iinsee4s ncl ude
at | east the 1< O¥steps: ceII iysis necunlan intracellular protein or

recovery of ?‘RE tein front he i ase of a secr§ted rotﬁ
rcutoval of €ells and c%FVﬁF%f“B %F‘%mhgihﬁ AR Rt A LR YT PHYat i on or

filtration tp obtain a clarified sanple containing the protein of interest;
and use of ag“ ?éf“ﬂﬁ“%ﬁré bd?gbhf‘ﬁédﬁ“*?¥p ' n%?“§f€ﬁ“pr0cess to
Separate a proteln n:erost framthe various npurltles in the sanple.

[ 00051Var i oué“t“Vpéfé“B‘f‘“ POTYREFEY F A&T e rf'(j‘“ﬁ%‘i Vé“?c?t‘tﬁﬁ o4 Have been
enpl oyed in one or nore steps fO{ the‘ urification of biontolectiles,
especi al |y pPFoterrgiiop © éi‘a%l% el ‘”s%ﬁ*"b‘?‘i poryisf eetHBRPRST fitpton
flocculation to tharjfy rotelns is well established tsce, e.g.
Internatlonav“ﬁﬁy?g*@%ﬁ FORBPP T ERITIEGRE NECTWITHOOE) 09 15740) vaehid can be
acconapl ished with a wide range of polymers, with the only required

gener al charﬁé?@?ﬁS?i@?B%-h@?Wh@ﬂdeWWEF*ﬁﬂsﬁNWaVQﬂs@ﬁ% et T the
interaction with a ;ipecie,;,, of interest (e.g., a target noio(yuk or an
inpurity). Thé“ﬁn§ﬁ“{ﬁ¢1ﬁl@h\ﬁﬁkhodology is the use of pol ynmers contai ni ng
ion species, such as polyialectrolytes, Generally, polyciectrolytes are
added. to thédptiot ei n rsxpeyErand ppuriehi catiion phissiati ewetlwitaerseknt i vi a
floccul ati on of one or nore conponents of the mxture. A critical drawback
of this approacghyidsnhatr roandiod §r doptridldiedo] levedlsoudf, payaliagteichyt es have
to be added in order to avoid residual polyner contam nation (e.g., when
pohyafter | evelestiopt:hhghy cdpoipnefifii eentiofdubcion kghignmi@ings we mhen pol ynmer
| evel too | ow) Because ion exchange and ot her charged chromat ography nedia
are comonl ysssdiahskinset heg Parehdakadadl 81017 tofenPhatieths, N §8bHWEIcH 740,

pul yel ectrol yies can potentially bind to the nedia used in downs/ream

pi nal i cati ontsit epshe dchendbyed ol 4 Rgicang: cOpplheatdinght ey process.
90001Recently, technol ogy has been devel oped which overcones sone of the
eti al | eng. esg@assNEal-ee Sdhgiheptseeafu Pl rBhS f-arof pufkdfiicgatidgn of

bi onol coul es (see, Yrtailus- ts |oped Which can bind to both soklbie ) as
wel | as i naGkatcelhgraind gCatdr@n sNeRule +20n BiplBRA15Q: hibatdengrai  a key
chal i Ni stimulus which nay he inplemerkal scale to |;scale. Summary of the

| nvei bl i atgrdhiabal b by HRhLRREARBUELIS: Br spesive, sunh as polyslentrolvien,
Generally, polvelectrolyies are sdded 1o the protein mixture aned parification v acldevsd
via selovtive Hoovultion of one or more components of the muixirs, A oeiticsd
drawhback of this appreacit s thet earefilly controlied levels of pubvelectrotyies have ©
be added in evder to aviid residaad polymer oomtamination (g, when polyvasy level
s hight or inefficient Bocoulation {e.z, when polymer level e il Because ton
exchunge and other charged clromslography mediz wre conunondy uxed wn the
purification of proteius, esidhial polyelocirolyies can potentially bind to the media aged
1o dhirwnstream purification steps, thereby Saulimg and Qnaplicating the prosess,
REEE S Reeemtly, tertmology has boen developed which overvomes some of

the chalonges asssciated with the wee of polymery S punfication of bisnolecales {ses,



In some enbochni enta ever'e.nt o\entlnn. stinmulus responsive pol yner
ecnnpnsng p)i)ekctroyte backbone conm s bydi opuobic groups i S provided,
whor e t hewpabyimas3dss capabl e of binding and precipitittPOg/US2011/036648

hurmol lottCarOpl U il k. =il owi ng the , ad backbone con )trises [1:010.]In
sonme embodi ment nsl ek enton CC. es a

pol yanl n st uhé" 3%8&%““‘ Sybﬁéi*‘kghehy\éﬁigr8tu gi“" OO P t]O‘“é present
inn en ii are useful a, q§§|1§gt9| ecul e and dog e anlg_w @,the d SI red

| ecul e from BHEYBEE & ’di[l§< DI RSB AT YR ﬁ% PP ﬁ‘g BOGATERT i kel 1 s
the desirable t rget ., ,ml ecul e boupd and precipitated by the stimul us |l ymer.
in other enbcfoﬁ it @l ?éf“%’f’fbﬁ*‘ér”" S o R Hi‘ntfs“éﬁ ‘-‘*"b@%}‘iééﬁﬁe% grd
interest, %g i s an undesirable enti t;Y resent in a sanple the desirable
target nol ecHf B REEEhETEIBORT MEhts e BT HHEPSEP| 0 b‘fﬁ\yﬁep’é‘?do t he
desirabl e tar(getm poiy e trde |san ant i body (e.g., a nonoclonal antly) 100
*I'n other enbdHPHERPS! é‘“ﬁi SIS nETe IR FlRey gropt s‘i@éhe*éﬁ‘éfd Fiy om di e
gi oup consisting of host cell protein, DNA. RNA, |ipids, 'druses Idoioxins,
eil cul ture adaisivesye dghbre ttfélwv—smarfa\%&v{*mw 251 on cxmccatbodient s, a

pol ymer according to the pre esent inveffli i ‘
stimuius whoch oay be implemented 811 @ varisty of scales, ranging Hom laboratory

soide fo largs production seale.

Suannary of the favention

0007 Thi present mvention provides novel polyslectrodvie hased stivndus

o,

rospamtatve podymens which are easily acalable aud operate over & wide range of pH and

W

condurtivity, therely snabling thelr use i e partfication of a wide sevay of
homolecunies wchidng, o, therapautic proteins.
FOO0RY In sone entbodimenty aocording fo the pressat Invention, g stinmdas

respsive polyvimer congwising @ poltvelestrobyvie buckbone congwising oang or niore
hydwophobie groups is provided, where the pdvmer I capable of binding sad
precipitating & bivanolecule of niorest v s sample folfowing the addibon of a stimulus.
Rt o some emboddinmenty, the polyelestrolvie backivwe of @ polymer
acorrding 1o the preso Imveniion comprives at keast two monomeric aaits sy at feast
thive wonomers waty, In soms svabodivents, at least 30% of the monomene units
comprise 8 sharge. b other srabodiments, sach monomeris wnit of the polvelsctrolyis
baokbone comprises a charge,

{010} In some embslimonty, & sthnalus responsive polyiper secording o the

%

presord fvention comprises g podvaming backbesie, In some embodimends, one or

mors hydvaphobde groups 18 & phenyl group,



sive to as.inulus which is a - [0016] Al so enconpassedifle preset', 1le
nmet hods of wusingt polyners described herein. The stinmius responsive
pol yner s woaounisegse. over the pol ynmers described mthe pcrarszanioicsss that
t hey supplant or inprove upon one ore steps in a purification process,

t hereby to subst ntlaII e Lhe ALl e n.ta |, :
desired to bggpu ified oﬁ\égbgratgﬁi?Fﬁﬁ%i ““%8%Fe é““%ﬁgﬁﬁié%Pl7 some

embodi n. terns qpt g " et nt kcukt ks (0V|d§d ?Vw tttit a
ounpi c conprﬁ%f“g” “f%?ﬁ‘?“ 3%%%’?%@% ““f%ﬁ‘““e‘d?Pﬁﬁykj hﬁur?tles (1a)
ctacttrre the &anple with a. ttt, sp nS| yner coqgnarng a pol yel ee
Laone et. pr %“ﬁﬁ“&h%ﬁé?mhﬁ? STRVE *ﬁﬁ“ﬁ Ck fﬁﬂdéF’ sSMPA RSt (atte 01

nore inp tIC% i ncrease the Fun Dictt;ftile, a,In sone enbodiittlentS
aecordi na t o ERETHEEREESBFFhe present nethod thither conprises the step
otrecoveget no ecuk fl the conplex. iQU 19En another ore httnigratit3S
resitace() prdeht inveHEPOHE:, FhdeeaRPoOpFEErol TRIBEIREBT iedE™  wher e
the precipitation ol a ecunpiex oldie polyner and one or nore

resul t sl al ecifeniiedp tivarenel Breohor Bndntgd gretritent Preressie of kerest,
tnorts.ccorchngiv. such nethod conprlses el tops f (a) pia target nolecule

and which taelf is the destvable target wolscule bound and procipitated by the sthmuing
responsive polymer. In other evabodivoents, o shiovahus responsive polvmer Mads and

procipiiates a bomelecule of wierest, which v an undesirable evtty prosont o sangle
slong with the destrabie target molecule,
RES R i soms vmbodiments, the bisenokioule of dorsst is » therapoutin

.

pobepeptide (Lo, the desirable target moleesle). In some grabodiments, the therapeutie

polypeptide i sn anptbody {o.g., a monocioual suiihesdy).
{0014} In other emboadiments, the bomalscale of tuereet iy selected from il

group consisting of hows coll protein, DINA, RNA, Hgnds, virases, endotoring, sell
vasiture additives, whole celis and colhalar debsis.

FO01] In some embodiments, 8 polymer avcording to the prosent myventint s
FESPOTRIVE o 8 stimuius whoch i 8 complex formung sall

LG Aldso encompasaad by the present invention are methods of using the
polvimers deseribed borgin, The stiaulus rosponsive polyimers are onigue and mvidive
over the prelymers doscoribed in the priov art, in that they supplant or fmprsve e ong
s ore sfeps s puniBostion provess, thereby to substantially norease the oversil
pueity of & target malecude dosired to be punified o sepstvated Bone one o mere

undesirablo oniities.



one or mere inpuri s; tra) contacting the satnpkwjth. a stinulus responsive
pol ynaer COTEt, aotydeCirEillt:tiTskt groups attached to the bic: kbene
under a Geetosei4cdieot tt hbons suitable for the pobym it pcrars2eii/o8dses eby to
forma conplex of tacat?,a CS;|, gottondnoti S unitabtrecipitanon of On
Onet nokcuk PAY, lq{/y nol eF [00% ponsi pOI sehe Intir rral ttg
‘>§ ¢ ¥ \\t SN O TR Ry IRk

mts of the fiCkVinef: t ancT N & r@w g”éi?g?é‘ﬁ% WhiTeh*For i 8%%art  of
the pcdvei eet ol é‘ég”‘ O3)5 “?I 1§, a hydrop hanb'rC» r.oup char ged
group in the backoRar f’ati &gmﬁ rr‘é?ﬁ‘t‘" TRTES HE 199574%8 hydr ophobi ¢
group attachqdwt ol heﬂb\ ckbo\ng to the total u‘_nberv of . fre"
sum of x and®V*HbHo H‘ GRS “*r‘é‘bﬁ- BEEHEES LR E PETR REPSEEEh EHI ohot he
modi fi cation” ﬁo_f_‘_.'gg{tl ¥ 002}1; in some errbodl ment s, a stimul us
rt, pol ymer ab ¥ t*é” fié’ ‘?}r PR AR SHE B WSO ‘I‘*f”iﬂ)’*(:)l A
V\,hermrrenc un}\ mthe \!o mer; L. 112 and Rl arc char ed rou part
of the pol vePEEPPBISTE Bh@k‘l‘ﬁo‘ﬁé““{i R FarpRpopg | &“‘ﬁycﬁ“ﬁbﬁ%‘bli tjl“fi‘) Gp° Wit to a
chzntcd gR5 is a flm:tiloaal group attached M k'O toel tot.:nroonortierilit
tonts in the &M BF CPCHRES DHRDR SR AbP ORI CaT nHElsoR R,
Furthenits (|. - hgw ng a junctl onal group attached to a char ed group on
the backb i) HEehy Fetorp « Cpopisner Perinict fiyosipiredegie: sodiobRBInglst t general , i

stinmufos o the sample under a serond set of conditions seftable to pecipitate the

conplex st of solunion, when the precipiiation of the complex results in the separation

of the target modecyle from one o wore tpurities, thereby 1o inerease the purity of the

target molsonle

(6018 B same embrshsonis according 1o the yothods of the present

fivention, the method fHnther conprises the step of recovering & target molesuly fm

the complay,

16019} fr snether embodiment, a stinnidus responsive polymer acconding 1o the

prosent invention binds and precipiiaies ore or mors Impuritics, nstead of the target

moleeule, whers the precipitation of & complex of the polymer and one or moe

imprities results o the separation of the targst molecude front the one ar owee

imparitios, thereby to inersaxe the purity of the rget medesule. Avcordingly, such a

muethad Covaprises the steps of! {a) roviding 3 sample comprising a target molecnie and
L0 OF oS Inpuritiey; (b} contacting the sasmple with # stirnules responsive polvmer
comprising 8 piyelectrolyte backbous comprising one or more hydrophabic groups
attached to the baokbone under & it set of conditioms sultable for the pabymer o Tuad

the one oF Mo Inwpvities, thureby to form a compley of polyier and the one o more

trpertiioy; and (o) whling & stimulus b he somple wader 3 sscond set of vonditions



in Vent ion mayO ital or grede.r than 1w pol ymer ui cong. assed
by the presets of nonor z, vhere x atCl1l fliOFlOti Ol egongs (e.g., 'O
litth forwogolhmess€ annoe group or a fluorocarbon grotepremusdim®sdess e. e
polyttlectrta-...k. T| .. 0e unni odt hed -.breed -reap in the polycieca
hack! or 005to3Q S....ACCOK [ [: 00R..:. L 75%.0 el we nk. 2% <. 31
the tottd rol yf““ “ ‘f'ﬁ?‘ !‘um%?%p ”L. ‘S( [‘ bjﬁi%i E{‘“ Fue T e ‘s”p&" “’fﬁe present
I

in- rises the fo mu:? "tB? ?Ezrsfs‘tasmhuRma iyg‘rgie\'\mg‘lomm

58 ;ma' ve impirities, theraby to inesgase the
pority of Gu target mokeenle
fRI3Y it soms srobodiments, 8 stimuhas responsive polyiner according b the

present rvention conyaises the fallowing stracture:

SR |

Sy
2

/

5,
BN
PR
7
-~
%
Surina
o
7
X s
%
ot

X
rcoee 3
oA

where ¥ snd v represent memovnerie waits of Sa podvmen By and Ry g charged grmps
which form a pat of the pobvelectmdyie buekbone (B and Ky ds a hydvophoblo group
sitached to a charged group in the backbons. The mtio of ¥ monamerie was {Le.,
having a hydrophobin grmp attecied o the baskbone) ty the total number of
snaneric s (e, wam of X and v tunuaneric unis) reprasenty the “prrcent of
hydrophotde modificagon” ofthe polymer

0021 In some evnbodiments, 8 stirnlos responsive polymer acoording b the

present invention congrises the Hxllowing
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where ®, vy and @ drs imononic units in the pobyare; By, By and Ry are charged growgm

~

which form a part of the pusbyvelsetedyie beokbons (B R4 s 8 hydvophobic growp

5

sttsehed 0 8 charged group i the backbeone; snd Ry te » fanctiona! group sttached to 1



inc groups which torma pan. of the u: wntairang pol yel ecam yte backbone
(e.g., prnriary or secondary w.niriaa andiur iromatie. a 0,10S.); R4 is a
hydr ophotwo 2grioist4cont ai ning 4 or norc cathca. nd. R, 5pcs/m2dydsesps ohi c
groth 4 carbon atons and seiec. &d froman al kyl or a fluorocarbon group:

I'c units t0 thAG:IOmeuy ANEk LSRN $8Mtio FBNGyE a.@t@Mi,% {n 19 £z Addi ti onal
met hod aling to the presi ention toclUde muxis ‘the purinceton

of a target yomlecwk \90:915;, :Qﬁ@ig,‘qq’{ w2 J%%Q‘;Lk\qf}n &gzsmg&?ﬁrop L\%ﬁ v ;%UP';}K] t' es i.n
the sanple while red uci ng f I xresi dual polymer in

enmbodi nent s, ?ukihﬁnj—éage :>§h§§ 099 n@'zl?rﬁmg%%i wﬁm n,pk t@@“ RekQ X f‘uém fhliitiar -

met hods according t e pr esent | nv recoverlng arget 91,

tentiments Trlﬁzd:*ﬂlnd& e ol - pkE %}m"&"}éz&'ﬁ L &laumeric wnits (Lo, having &

Fovctirmad group attached o a charged grougp on the backboss) to the total namber of
monoweti wndty e, sumnoly, ¥ and wouutsd reprosents the “percent functionsd group

modifivation”™ of the polymer

F00221 { geveval, # wounderstond that & pobymey sncomprased by the prosent
imvention may have n” mambey of iy of mononeris anil x, v ov 7, desoribad Bereln,

3,

where 1 s oqual or greater than b,
LAY L still other embodiments, a shomlus responsive polvmer ascording o

the preseadt vention comprizes the following strachure:
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whers X and ¥ reprosent monomerss unity; By, Ry are aliphatic amine groaps {eg.,
primary ov secondary andfor atomatic amines) which Gum g part of & carbon contalning
backbone ol a polyeloctrolvte; and By 15 a wdrophobiy group sitached fo the anune

g

grogp By and comtans 4 or more carbon atoms {o.g, an alkyl group, an allenyl grony

JSs
=

an avalkenyl group ov 1 Buorecarbon groupl. Tn some embodiments, the vatin of ¥ {Le.,
monomneris units having & hyshophobie group attacked 1o a charged group in the
poivelocirolyte hackbone} to x (L., unmodilied charged group in the polyelsetrolvty

backbone s 001 0 .75 or 05 wr 175, Acoor
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gly, the porcest hydwophobio group



tolircule in vs I nosnsnooraphv step. In cub eot:npnSes a. fi Mat nuhts
responsi ve 'polynmer according; t the inventii:its reansave polyner a one
or nore Mvoani1/14&94sol d same or r nay be used to pTget wmeirnustap/oade4s he
process. WO 2011/ 146394PCT/ US2011/ 036648 100301i n sone enThudi ni ent. Oore

purities is §ﬁ§@km§9xﬂﬁﬁyﬁﬁ%ﬂ 5fkng~@£dQQ§geclLidiy%qgg&gggten. vi ruses.
oudot oydas, whol e cell's, debrls and cell culture at

"KrieJ' Ceserjytion nithe Draswois Flg,0schematic depicting the
macy13. 111i g%’ A ﬂ&;ga%o?%‘ag?d!an té nodiiic [0034] Exanple

[ 0035) Fi gurew% depi oo I deRoe Dl Qi B PRI, 3RN gr@mfl fepict, (10037

Figure 7 depicts a ent 1o0n responsi ve cop0|nnr
10038Fi gur eS }‘3% I\Sm%n??{;] BT ws‘nppe% ﬁ(\‘%-(l;ﬁ)ﬁ%}t}\‘ hili‘i Sturdn
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where Ry, Ry and B sre aliphatic amine groups which forny # part of the carbon
vowtining polvelestrolvte hackbous (o, primary or secondary wmines sndior arsmatic
aninesh Ryis a hydrophobic group containing 4 or more carlant sons and selevind
from wikenyl, ardkyl and arafheny! moups: sod Ry e hysdupheine grooap codaimng 4
or mote 4 varbon atonys and selecied froan an alkyl o 2 fleorocarbon group. The ratio of

¥ monarneric amis i the totad nunber of pedvelotrolyie moosomenic wuts is betwoen

(.07 and (1175, The ratio of 2 monomeric units o the ot nember of polvelectrobyte

o

k&

monomeris wels 18 between £.05 and 8.5 or botween .01 and 8.5, Accordingly, the
percent fvdrophobic group modiftcatin s bebween 1 % and T8% or between 5% and
TR and the percent fanctiona! grmp wedifiontion is hetween 1% and S0% ar between
S% and S0%,

[0024] AddiBond] muthods of using the stimualus responsive polymsrs
socnrding to the prosent vention include methods which enable the purtlivation ol a

target mofecnie or product of baterset (e, s anttbady ) winle nunimizing the amount

of residual polymer o the semplhe.

fac0d



100391Fi gure 9 depicts an INNIP, spectrumfor ipodm hcd polyaliyhmur [ix
anpshe WO 2011/ 146394PCT/ US2011/ 036648 100401Fi gure 10 depicts a graph
denonst r avongitiaesef f ect dosi ng natum I ns responsi ve pol paerusb@g/osceehi t esa
pol ymer |ci dny pol ymer dosed the V-axi,.; is the cantrate

turbidityl:seghbed in Exaipl &dbind04 nlhident Ehga 01 ARN. {%@ﬁgnwatl ng the
efiec.c orpolyrner dose 9ence and. t hante or a FM Mos for beuzy

tv3lyyiar The, XOk s sm% &8 L0 p@; é%;;t‘dum S <desgt bhed. @z@@mﬂ e 3

[004) 1cl arets a tyschenei| no: depicts a purificr.tion schene

| ndudh 9L) PRIYIEL 3¢ g d B mp\tzqu?ghenoda% Jobl&aklo o hEcRLd cul ture

Ile stinmulus po wes one nmpu efl t anet

mol ecul e. 10044. L GePLEL S a Jl T atq N J di.rig.a. stimlus
responsi ve i %‘é%lja { m’g‘ ih&‘ &' éh gé ?‘ “ QE“S?‘?*L% usg reﬁspon3| ve
pol ynmer renoyes_ on ’NPN“ W C \E e ir 5 cel. d‘u‘al Rolymer is
renoved by ah‘dﬁ‘gg“]gégfﬁu & 56&‘51%"“ {hiS “ ma‘ en’“ ur izek 5t 0n “Schene

Mel i aJus responsive Luanl czaL{o (h & i\ he.at %l;l ?/3 m)ves one
or more i p#i EACTHERETEFE T f)é‘f f‘ré ke 8%‘ ORGEINGT & PreTEt il e ahd t he

residual polyner is renoved by an additi onal adspt te 9 | oW n
danti canon, e O RLNE ENpUR Wies, thereby o fomy s fust oomplex of paly m\ LI G TR

fnpuritioy, where the first st of conditions comprise adjusting pH o aalt concentration
of the senpde befine or afler the asklition of the polyvmern () pracipilating the Bt
cornplex from the sample vader s seomd set of conditions; {d) contacting the sanpde
with a munltivalent ton, therehy to form a seoovd complex of resyhual polyrer and
muhivalent fon; {o} provipitating the second compdexy and (£} recovering the targnt
mcfesule front the sample; thoreby 1o separate the twrget miolecuie from one or more

svpurities b the sanple while reducing the amount of vesidual polymer in the samphe.

{OQ2 7T T svope embadiments, the larget molscek s an anttbody, Ina
parficular smbasdimeny, the ssttbody @ 2 monoclonad antibeady.
JOOIRY I & particnlar embodiment, recovering the target molpcule i various

meothods avcording 1o the prescot invention comprises & chromatography step. In

- b
kR

another enhodiment, recovering the trgat mudecuie comprizes s iltration step.

RUERGH f11 some envhodiments, metheads aocording to the prosent ventions may
nctude two or more steps which sanploy & sibmolus responsive polymer aveonding o
the ivention, For example, @ stimules responsive polyvmer may be used fn procipiiale
one of move impurities in one step of the purification process st sawws or diffren

pobymer ey Be used @ precipitale 2 target moleonle or the desived prodect ina

different stop of the procuss.



Deseripti- nention jnrvules. at |eastin pad and reduced conductivity

repolyners. In vanous enbodi nei C.v, whole cells, cellular debris as well as

ot her stiwo 208li46ul ture nedia, can al so ci Thetively remrovas2eposscus es.

fromprotein ixtur protein of interest and one or nore itOrio herein are

able to effegtire taneLns/g;g%ggis of .nterest i am , sops.us te | bone
oni

ebh Ky ns/ prc RWWI&ﬂ~ﬂ,sg&-wﬁmgwwﬁwﬁ§wvwm
or morees present in t he AT ORT ARATT BEABT S TEOAF BT Ee e USTIE th
pol yners deseriennol ectdesy. proteins, using a wde array of conditions.
0467w t hout b SRRHG 6 B SBaRi by Fedr AP Torb e R Y %2 ospom ve
pol --, >, descrjbed herein e an be We c precipita oiile protein or g
desirabl e v@%ﬁéﬁf%fﬁé»'ﬁﬁ@fﬁ&éﬁﬁ"%&ﬁ@é%%é“ﬁﬁ et ¥ ¢dr an undesired entity,
€..g.; one or nore inmpurities including, e.g., host Quit protein, DNA RNA,
lipids, fnmlo toxins. C.e" cult:Arc additivea, whoic cells and
aol i ti | at debgligs pisdsifudbt@F Bhaw@ai | ecul e bound by a pol ynmer according to
the present nivtainon is referred to as a bitunisimio of interest, whether
it is the deBi'fbd tar gdtsupl Bourengic dpritingdiy Pedoant s vyt bosw1The
sel ection of a particular stinulus itispousitmpoly :her to fl.co"
descri bed hep&FHs ¥ ardiiiisisd based on what the polymer is intended to
H d. For exanple, in case of a biornolecide uf interest whieh possesses a

net negati vell®hdlr ge at Fagure 2 depils the resvtion schenie for hexancic acid and ferebuiyl

modifted polvaliviamive (HOGBAMPAAY
{0G33] Figurs 3 is a graph depicting the effect of sodiam chloride on the
multiealont i stimalay and pH responsiveness of hesanolr acid and tort-dasnd

modified polvalbvinming (HO-BaMPAAY The Nonds depiots pH and Yeaxis depiots

arbidiy of the contrate (Lo, outpet of @ ventrifags).

[0 Figure 4 dopiots the syathwsis of polyvinylamine, as desoribed $n
Example 38

{0035} Figurs § dopiots a reantion for the deproleotion of polvanine after
prsbymarization.

{0026} Figue & dopiots a renction of polyvinvianvine with benzyvichlorids |
HIATY Figure 7 depiots & polymerizativn and waction scheme o form a

puftivakad ton stinnddos repsive copoly

TR

HHIE] Frgure § dopiots an NME speotnn G modified polyvinylanine
{PVA} frons Examiple 35, Dntepratiom of the T NME shenes bomyt modification feved
sof bt T8,

FO039] Figure ¢ depicts an NMR spectrunt for modified polyaiiviamins fom
Example 36 Integrasion of the TH NME shows benayl nushiflcation lovel of aduast

g
IR



pH above its p.1 (e.g,. Wittlit cons, cellular debris, DNA endotaxina, and
proteins), a stinulus responsive polyner conprising a polyelectrolyte
backbone wibizeti/i4639g¢ati onic tie., positively charged) ispdeaispeiblogscs® use.
On the other hand, in camof a Nom\Veenl e of interest which conprises a net

positive cha[{g_g@pt a pht;hel QW?JHESS« a%m&i‘?-:&gmﬁz}Qﬂ‘:@z’Exgi?i(cftéf’i"&f‘-t%f ?}§Rf%¥4§m o
responsi ve pol ymer conapfising a polyel ectrol yté backbone ich 1§ anionic

negatively charged) iS4 @‘Q;L Iabl ol Qeli8&. LgriQ(Q:gn 1R Qe?;h%:'ullﬁu,ﬁ@g@«{g e could be
i nherent to the polymer under conditions used ‘during the purification

prt-tceas or the pasitive:chacge. can he generated wih a...change .n pfl

whi ch renderE$?%€R§%F%%%gg&FggﬁbﬁgggéE%5%§%gF”§ﬁ§fa%é£¢[éO%ﬁI‘% F%%ortant
parameter affacting the.queral k- recovery of a biamlecule is.the ratio of
hydr ophobi c %§5f¥ﬁ%§'pgﬁgéﬁégéxt%STﬁéﬁféﬁﬁﬁﬁgﬁﬁégﬁgﬁgdHPP%”ﬁmﬁ %rged groups
in the polyehgpgggkyte backbone. For exanple, as the percentage of

hydr ophobi ¢ ngJﬁS”Fncreases so does the resulting lima.; of the

bi onol ecul e through nonzspecific iraeractions, hatotittrat tO a ghan
bianniacultifﬂﬁggpecifi%ggéféﬁﬁﬁf*%ﬁéw ‘6*§P6§ﬁS§FOE%Vd?Sﬁhﬁb?émbgbups can
be used in OQQQEVEQUQEXFQiZQAbEQUEhQQML? rQQQV?&éW Addi tiopally, a high

per cenuage t”ﬁ?&ﬁﬁﬁﬁdﬁ?ﬁ*“@FFNb§“WHV§??ﬁ??“ﬁ%ﬁ?“‘?ﬁg%F&BFWF%ﬁﬁﬁﬁﬁﬁﬁthe

ef fectiveness of charged groups ma the polyel egtrolyte NuAbone., WO

2011/ 146394P@ﬁ’f@%‘zoﬁ%f%oé%%ﬁﬁ‘“’-[‘ébﬁa@;ﬁ&ﬁﬂﬁéf*:i*-‘yﬂﬁﬁfai’*r%ﬁﬁ FEreR 5988 ®oup in the
backbone of the polyect.roi?te polv& Mantine with benzyl chloride, results
in a secondaW’ b AEFSTECE HaF @ Utler awi d array of cdi coadwons. However
such a hely, | ntdjfic adds a sterie bulk to the am newhichta, ge

i nt eracti onstRAd t | unaBsoth FFEHT BRpsAhenyg yiol foy Breetiaipyre backbone

w t h hydrophobic group can result. in are .ction in the 11111111X r of cl-
exanpl e, c: t betekatedf In O an anine g p of poiyallylamne wth beruivi
chloride results in the formation of An amide |inkageathertib.y rest .a

, .. eduet hin iW4the ni Abers of dphsrgreiftagnopss dedite: gaokiongreduct i on in
t he nunber of charged. groups an al soypolyners soiubility asa a: ability to
bi nd t hr oughp@rargeet vamge vy Seebyidictticond hesdWittke Theeitdinrepobyner s
aceerding to the present rnuentionare "i"onichybrid polyners may al so he
i teol zed, whiehcoetupricses tevbapkbondivlsdercht dpmeraled: modirdiitled Wit hnore r
itp ch "hybrid poihi,. tuntiorips Ot cationic -.;iitiare -eve va conpl ex
To ning ear i fiostred suget mddesule. rati ps on the backbone can ' d a hiontoiecule

of 'interest which ponaesees a net potn .eharge. Accordingly:the riiiiio of
uni nodt Rd eaf¥iédli egr onsiium: thippol yelrdanelyicedriaphrisbi gigioupsosive

palvmier used W toprove the clarificaton of the coll calture. The stimulux responsive
polymer remenves oo of mote ingrities via floveslation, however, the pobvmer doss
not bind the desied target moleaude and the residual pobymer is renved by adding @
stirnudas after chnBiation,

USR5 Frgare 15 depiots a punification schome inchuding & stimalay responsive
polvimer used o improve the olarification of the coll sulture, The stimulos rosponsive
POIFRIET TRMOVES 0N o7 Mo impurities, however, e polyer does nof bingd the targst
wmoteride and the residead polymer s revsoved by an additional adsorptive Blratiow step

following clarrfication.



det erm neol ubi | nx and stinulus necessary for the polynmer iolex and capture
lotnulec.ulc of interest. Ito fewt nod tied ortionie grome

Pel Ydi xt rwbYva/faesdkbone canstimuli's WD 2011/ 146394 dotrerapraedsdsased out
wel las the nt Wi4s usc pCblVITh e.g., a multi vs poivelect.rolyte

baekbri e, Al t gm.sieducesintiig extent of the nvdtophon 1/ 10i on requi red.. In
sone the need TOr hy Hrop'hobi ¢ nodmul ti val ent st onocrar atie
0, Altematwel§4¢l ncr eadiffigrEHs PSSR IHo B EGHAP MRGRgHYS! rediisadsfhe i nher
less) O C3 pockff&thyte hyd ()phobic nodtheation, Howe optft it030 SO 1
0056 hi S ar MaRyecemasRicsHPBotdpTTHPSroREHka sy backbone vy e irpant . of
residual poiva |e polyner bargh polynmer tents, the extent ot hydropt i oluc m
% to 85% or SBtisdyieribdimdsty. ahge e rmhwsvmp%fﬁsw% Porying

) emenhydr ophobic nodification is at least 1% 2% 3% "% 409. tI , 4, 50%
.55% 69% ' WAjdiom dip s8oResem ds

F0047)

bomondt

Th stirnulus responsive pabymers and roothods of usang the same
deseribed herein ars wore effivient than those desoribed in the prior art, in thay, ey

SR

provide an mproved range of pH iy puriflation of desied tavget wmoleontes, moluding,
.., proteins, a8 well ay moval of undesitaide entities xuch ax tmpurities, o.g., host
cell proteing, DNA, RNA, lipids, endotoxin, coll cultvre ackilitives, culls and oellular
debria, In some smbodiments, the polymens desorited havetn s rosponsive S dow

comeentrations of wimple voultivalent salty, tereby allowing fur buproved sealanlity

-

and raduced conductivity relative t oxisting xalt responsive podvoers. I viious

ermbodiments, the polymen according o the prosent invention van effvctively mmove
whale cells, cethilar debrix as well as other soluble fropurines from ool ultare madia,

§
The polynusrs cun aless effectively remuve impiitios from protein miviures conlatiing a

wratein of interest and one or meore npuritics. Further, varioas pelymers described
hersin are abde o offortively capture target moleoules and protuins/products of ute
iy a ssnple, thereby to separate them fvan one of mwde mpuritics pressat i the sanyple

and Increase the purity of the target maletule,

{004 E] Alao encompassed by the presst mvention are msthods of using the
polywoers desoribed herein for purificstion of wrget molioules, o.g., therapautic

proteins, waing ¢ wide vy of conditions.

¥

fR] Without wishing to be bounsd by theory, 8 s comamplated Sat the

srised horein can bo used for the hindine o

b

stirnuhis responsive polymers

previpitation of either o desfrad tavget molecute, vy, a therapentic protein or & desirable



Ca03i 11 5 enbodtnicnts, the concenu.Plox fbitinjing sail ranges cior to
S000i M or trc4, Fixer'brining salts include but are not limted to
.roul ti S;wé,2alient3%el Ss such as, e, g, "as/abaft sulfate . pEmiskdiiloecis

, erohl orate" doSodl odes”"v1l RZOTI O St hersol aniorn ttraphbordas. sm

; or npkx  for mpagius@abd & hikst:88 bl US: f8E of RBPOLYIRE inchAdeaR! « Lhguarm
prOC|nnat|0|Iends on thetors ioniolecule p0|yelectrolytes such as polya

rotonat reduged:is ot Re WL REG:SR| LG 28 f8 Uk 180 Qnd NEUGE ation
and iieh varier &aw with pil wed of charge density Fecill be di fferent Opm

e density stab®is ingonersd, & moleckiB HEEIRER al it aln{w@»m\ B a%}(Q@L frleC!&an} Q;
cont ai ni ng sanpl e, in ek contalnlng a targetor ,fettle -a sol in the

thnn O oncerd LR . ﬁ 2980E0HaL Y ROL e Qnd 1% AL REE R Rued n{sW( ui@ 's;s¥ & or -of
interest. is Walter)1

undesired entidy.

EEIRSH Thy seloction of a particslar stinaifuy responsive polymar o use, a8
described heveln, s duotormined based on what the polvmer Iy intended to bimd. Fo

examply, noasy of & biowoleculy of merset which possevsss 8 bed ne gative charge at a
pH above s pl{eg, whaole cells, celtular debris, DNA sndotosing, and proteing), #

stinulus responsive polymear conprising s polvelectrolyte backbane which is eationic

{f, positively oharged {s desimble 0 use. On the other hand, it case of 8 hiom
of iterest which comprises a net positive chargs ot @ pH below its pl {o.g. proteims), a
stimutus resporsive polywer conygrising a polyelronolve backboue which is anionic

{Le., negatively clarged} 15 desirable o ase,

Fs

A posttive charge ondd be inherent 1o the polvmer under conditions
ased during the purifieation process or the posiiive charge can b genorated with a

\.

change in pH whith rendors the stimuluy responsive polvmer chargsd,

0G5} Ast nportant pararnetey affecting the sverall recovery of 1 Momalosule
is the et of hydrophobly modifeation gronps to the remaining wvedifed chargad

&

groups i the polyelortrolyte backbone. For exsonple, 35 the percentags of hydrophobic

groups inoresses o does the resulting loss of the blomolecnie through non-spesilic

wisractions. Therefiwe, fora given blomolevule, a speeific ratio of charged LYOUPE
hydvophobly groups can by wsed fnorder fo maximize bmmoloouls revovery.

fod

Additionally, « high percentage of hydrophobie groups may it polymer solubility

and the offectiveness of charged groups on the polyelestrolvte baokbone



addition of a inmulus, e.g., a CQg sail wb as a. mulnv on the pol yonnfor
mana concentration of 1% w Il require a higher amount of mnmulus r{.%
pol yner pwecnpit4edoson. It is inportant alight CNC en: Si pammspiitiosseas di er i o0
CTI SWe conpl ete pol yner preci pi tahon through the stinuilus response. This is

I n contrapol yaer, flising.eadsukoqlnabl smathe.sestdual spelyig. 906, 01The
pr esent inve%tl on can Ngaiﬁﬁ g;é/\gxzoslill 14639“4PCT/HU820 1f036€§48 t he pﬁ" eferred

use is at the.be Q‘zﬂﬂ“‘;@ A\eﬂcdna e«\el{m%%ﬁusdw«w MMl MBRC kL, UG scapt me

of thetargeﬁ I ecul srngestlrru re: 3pOnSi Ve pQt Mer or m xture of
polymers can, b&ﬂ@\ % LN %»W ’I}?{ Sk GRS zé‘ﬂae\%“QSeg%@UALX;«}H;E LGPl tated

usi ng one or “RONT St il 1 . he s us ran be applie bekire, duri ng or
after the pol ass i, a g ihe‘ e of;....n sk.Qne or i nore
i mpurities or%lé‘jdé%‘l‘ Olg ik g“%‘é% “‘p’“ Fecul’ ‘)’“ g\i g' !}gf {pol tﬂ“?r‘uTuisggcan he

appl i ed betbm, . durin @k, oh, ) 2 JMich s
general ly i n 8PP *Fi’rﬁ[‘i”’l*ili‘u“n b} m ‘? mi é%m ’heh‘sugge‘ iu"“g’iﬁm “f'éffoved usi ng
one or nore xitechm Cri bed herei n such

as, e.g., fit ‘*F‘é’i?‘f‘%h"“%é f‘? f‘*ﬁ‘@ m|‘3t b‘?‘%ﬁ““ i fg“a?‘i“g‘ﬁm“‘gﬁ??%f Her *$blid/1iquid
separation method or a conbination of rrg d? Si % E aral l el or
seri es separ AT éé’he’n‘eé‘“ &’fﬁ‘@é‘iiﬁdﬁ oAt ﬁ‘?@“s‘t‘ RS “*P To s Ve

pol ymer can be autionplistied in sev raI ways, The cell nit at nedia nvay
be aiidi nst e PoREHEEES® BORAITTBEA PG I"“t‘fo‘* tHEC L I"oh‘bbf“& %S¢ fhul us.
responsive poI yner, for exanpl e adjustment reductj on) of pH and/ or
conducti vi ty# CRRESET HE PO e p}éﬁ&‘i\izé“‘}?el“i/‘ﬁ‘ﬁ‘ ‘*gé‘i’f“t h"eh‘“ﬁ%“‘iadde‘d“*t ‘0¥t he cel |
culture nedia and mxed The stinmul us respon3| ve polymer can be added in a
liquid or a 6Pt HorRier M PrtEeT HeUpoIRy REP ¢ Efea«ﬁt*"a’ihﬁﬁw@?‘swut~f YhUit Eer¥ ¥an be
formul ated just that it adjusts the pH of Me cell culture nedia to a
desired condiirelmerppbidianpind oedid sSpipulug: PE&HBSi ve pol yner can be
di ssolved in a Concentrated acetic acid solution. The concentration of this
acetic acid BHftion cahtibecabtardbagedion b Re MobippefaermeitiEarion
solution condition and protein concentration in order to ponvide the
necessary pHuadjiust sreptioupdnbadigivion mot dshde gtithalus whedponsive pol yner,
thereby to result in the dc*iired polymer concentration and sol ution pH.
The sti mul uspredpongivespaly mekheantibec addeddiind vohoentratrt bnssdirbre
spont aneous floccul ation occurs, typically in the range of 0,0i to O tcwt
pol ymer O OuOdeito BichEytepel W aierd suilt iQhnt helvtypewandiipénoent ssblki ds, mlt
that the solution beconmes cloudy and WD 2011/ 146394PCT/ US2011/ 036648 f onn
a precipit at essofkpennatiaak ye tdpenssic i chinhius firesporieiwigpdkyememiccan be _co
ventral e spneoti stl oechnon does not occuril eF biontokezile .assm .iation
dot 0. un e. gmolifichiRn ddi@s v @PgeciOtneRizg L2881 d ol lepdd yimesexiaideit he sol ution
co orinal soluitoit of spontaneous floc occurs, nore tUbld than 1

possessss & het positive charge. Acsordingly, the ratio of wnmnodified vationie groups

A

the polyslestrolyie bavkbone o snjonie snd hydrophedne groups s important to
detormine the solubility and stimulas necessary for the polyroer to complex and captare
the biomodesule of interest. For exsmple, too fow anmudified oxtione grougs mihe

p . T o cerye ¥ E o I, r e et s Bk T A DL T T
pobyalecivolvte bavkbone can result i Himited 1o no response b stimuhes, Whersay, oo
fow andoniy groups can Hmit the ahility o capiurs a Momoelecule of intavest,

(0058

’Jz

i The requisiie fevel of modification of polyelectrobyie backlome by

fovdrophobie groups as well ax the type wsl mmount of stinsdlus that & weed can by



andpedynt er"bi otnol ccule as: s $ugh. use of a stinulus in a
purificationnre desirable as it all QS sonic of the problens atisr is; c
sty al so we wsedemas &reat-tants, 'ith ovsi |osinhe pol poerus2@1@36648 1 | eum
a stinmulus responsi e polyner according to the.dded to the cell cutture

after frni ematiQn.$.0aMRkeli8.ARLROLYRBELS: tupmiated b0 binde &
bi onol ceul e of interest MAnCh is Ise sti mul us responS|ve p kk: is added

under condi t 008, g Butdomiihu *,A@E@Q&%zyuderme second.seleglcopd tion
t her eby genet preC|p|tate mhlch i ncl udes t he bi ornoi ccul oné or ; note

Mtsui; as_cgll s, &ﬁil loul ag. debris, iNOst (SGHRLOLSI I fDNAu&n@omdrl s, and
Vi ruses). The sai d prceipitate can be subsequently removed by CCUt ga:ion

and/ or resulglngﬂwnﬁq&g qgthgqggﬁg gggw»gr Ll Sonic | Qﬁg ﬁqlgkggfclarlfled

cell culture FFU| be “quai n passed thiusi'ng a rtnktkitl Em

bi nd the desj ;e aTh ). & «Subse Wt s stirnalas
2011/146394P%ffﬂ§20% 5%@%28 cggfﬁggks¥£%x geor |$nY€nd¥§ZS%ﬁ%“%ases, by

g;: nd 2@%1 g}g,hgsﬁgggf ‘\:?éfgvf ' ﬂ&z&{% 2658 {;ﬁi',&,&g o thhe&p{k §egr . if Iﬂgggf iognst e
m nl ber Of adql igl On]ali Stie ?( RS Xl BERLn \nqqu‘cg'id&/ }3?‘ l")},\! 7‘&‘%\“ i?iq i‘i iﬁﬁi |
1. 006411 n soRB ERBEEITHRERT s ™ "8 S PRI S Paspo sTve ?y%er‘ls added to the
cell culture under i.ans ere t Ial e of

interest, whi'€H% ““h%q“ﬁ M HIRGEEY RS Qéu?ggxﬁfi% ”‘ %ﬁ‘F1WDTU§§?éSbonS|ve

polyner is wel|l mxed at the . X .
a very mgh concemtranon. Alteraatively, tnoreasing the polymer molsonkr weight

reshuces the inherent spdubility of the polyelectrolvte buckbone and swy allow for low
{5 % or lusad or noy polyelesrolvie hydrophobie modification. Howewey, the elimination

of hydrephobic mushification van inorease the wmount of resvduad pobymer Ry lowar
maederutar wolght or move soluble polymer backbones at bigh polymer doses.

{561 iy various smmbodiments, the extent of Toedrophobis modifioatiron g
polyelsetrsiyvie backbone mnges from 19 W §3% o 8% 10 S0%. Accovdingly,

Jopending sa the Momolecale of bterset to be bownd by a atimubus respoasive polymer,

X4

the percentage of hydrophobic modifloation iy at Teast 196, 20, 3%, 4%, 5%, 1%,

189G, 300G, 255, RO0G, 3500, S0, 45%,, F00, 35%, 6106, o3%, T, TI%, BO0% v

HEG in some embodiments, & complex forming salt s used av s stimulus, In

varims ombodinents, the concentration of the complex forming suif ranges Homm 2mM
t5y S00mM, or front 25mM to 1H0mM, Exemplary complex Simming salts include but
are not Hhmited o muBivadent fons sueh as, o, eitrate, plosphate, sulfate and BUTA,
avud fon-assoriation salis wueh as perchborats, dodeny? sulfate sodhnn salt, dedenyt

Bunpene sulfate, FofHdobloro-Jaatrophenol anjon, tetraphemy] boate sodtany salt and



desired solution conditions, a flocculate which includes the bionolectile
of interest is allowed to form The solid containing the. bionfol ecul e of
interest wo2oemavmd tl,Y primary clarification The resulptirnug2@elobesasil t ur e
fluid is colleewd and a stimulus is applied to precipitate residual

pol ymer. TheypreehPhiabedafesidual pohymercdissnsubseguentlys:x enpved by
secondary clarification. The resulting clarified cell culture solution is

passed through;a; GARTAI &y, SLERGUS RGad chnoBL agrhaRyeRdia: haxbind the
target nolecule, it may be possible to renmove the residual pol yner using

the additi O”aa%evé‘uxshl Ji@k%ﬁm%g AY «AfcnthaRUL L] e @l RN 8P, ol | owi ng
primary claritieution. it may be possible to add a stinulus to remm

resi dual pol ynen,.at.. @@¥0Fg%pﬂg;igggwggﬁer more stinmuli nultiple tines

t hr oughout the process 1i n anot purlflcatlon schene, a stinulus

responsive pol, yger |s agded LQ . kRe \:if? forth 9\* It &8, LUl magft_gmd%TO ClatiOn

is conplete und conditions suita e po yner one or nore

mpuriti e, SUSBRLLN8, BOLUIRY . do8S, f‘ot&i;}lnﬂdm 6 L1 ek Pl oCt 1 111~ Ler
t he stlntalu% A wel ed un T i "déesired sol ution

condi ti ons, amgr!mizl lslrji ‘:!v }3 uqﬁ g i}@{t‘] tQ* sgginﬁsinaﬁsr e Pr Q&‘! pitate with one
or nnn1|npur|f The 'S8 tate 1I's renp d %y celnarllgatlon
andlor filtratign. resu t g, 8 @g fhed.celh, cal, Juresolutlon s passed
through a fiRer #haT ﬁ'l%“t%ﬁabﬁ 8f§b|ﬁ&r“ th éf? mii-d ‘resp Sive pol ymer
One of ordinary skit: in t eadi L n.lar ropernes
to the hio nof'&tii *6“‘8?"‘@‘@‘%3 béuﬁﬁ}’éy f‘%bxbglyhéP r‘rgyé‘?ﬁ %f % ‘ded.
Ahcrnadvely filt ossessi ng awchqr rou\ t hat same charge
as thettOL | ROBFast MeHEERarJe Spgharta’ At SRt e SR8 e ve

pol ymer [0066. 1Menbr anes, packed beds or fllters mayal !l Pol ymer 1ron,
sol uti on, Foﬁ*e?ﬁﬁﬁl%”‘éﬁ“&h?%ﬁ?%“ﬁﬁ ¥ oups coul d he usede a; filth with
bi nding properties sin no c.onta ningtid pot:sixes polyner MSC?, fr. toe
the pol ymer ¢&pt i“““&“%ﬁ%“%%>%ﬁfﬁ%“? Vab“%oﬁ%a%ﬁ%“ﬁﬁhﬁ%“*§ane way
that plxttaphant ions caniple, wth |yanine A

mvention maybe added o g Feadstock cimiadming 8 tavgad molecuie oy & target mokesnls

sontaining sample, it the forn of # solid or v the formr of @ Hguid. The finad polvaer
conveniration & genevally beteesn G.01% and 2%, In some methods deseribad hoves,
s it of @ polvmer and 8 Momudecnle of intorext iy pmersted followed bry the
addition of a simulay, e.g., & complex forrdng salt such as s pudtvalent anion. The
anount of stimulus may depend on the polymer conventration. For exsmple, & polymer
concentration: of 2% will require 3 higher amoatt of stimolus respuresd & induace
pobvmer precipitation. It hnportant that the stimulus ts apphied By the correct ov ina
alight excess sepount in order (o onsere cnmplite polyvmer presipitation throagh
stironhes rospoass. This s in contrast @ polymer flocenlationy, where overdosing lesds
o problewnabe residual polviser,
RuEGH! The pressat nvention san be used s variety of purificstion schemes,

The stimades reaponaive pobymer can be bennficial ot any step of the procesy, althongh



preis,...m Al so. beads (e.g.. poiv ueiterylate) nodi Red will could be
used in sone enbodinents. thilowug filtration of the solution wth a that
can renowsoaespousine pol yner, the result...., solution ipseTps301tlosssugh a
Gam n-a e}rcm at ogrrphy media to hind the tar get ni nnol ecul e. porous

material can hingd, M} ;H‘A'a%'rs;»f z%RQ 3?l}3g‘e”3‘s 0l 4 \, :améz?' ks, p°;5=§';%?{'s; 'S0
“rTé The' pof§me Et /

means at a sthal a st en “or
ggls%gﬁl whi cﬁ‘t‘gf‘ﬁéf 'Q‘ﬁ}]‘e‘t‘%ar *ef‘g%g?“ “‘n* e ”‘““‘ﬁ’ﬁ‘é’“’ei“i“‘“ bt E‘“FFFWEW#%F‘I‘ iup i
separate step Ore t D anda eeette rf.

bi Edl ng on o?‘“nlﬁ‘rffﬁjn?% G m m}5)81 %59{&?8&@&5@ pf*ﬁ@*éfﬁﬁ“@ o ‘nﬁ?‘)é‘ i tsi ngI e
tep or nmulti p _e 1ps §t1 é :( et nbl chlhe fromthe may
oeeirr after sfeifer “dire F‘gfﬁ‘ ‘16’? TPt 8?# %‘t‘IifﬁJ‘l 68 R GIET 6?1*5“6}‘“

washi ngst eps., The rn(.l5 s responsive ,ri.n be added after thee
pture step and F‘r’t‘ﬁ‘f’:l“t ‘cl‘é‘t’“ ‘Fvigu‘é‘bé“ Hi¢ ?‘n &’F‘f’?"“‘s‘hnr‘*ﬂﬁ‘"é YRYSIHEHVS pol yner
can al so eine erﬁ%rtl F"Lﬁ and the Kuhn of ion exchange %/drophobl c then
i dergo a ser i‘8&1 VFOHMBEP © *i“b*@ﬁ@}_‘ SR RS *%‘%e‘“‘?“‘w‘ﬁﬁg‘ﬁr‘\ Kot Her st eps

after the capture step enhance pol i shine. steps. exposur e of
which i generally tnosodid Yormn, The precipiiate can be subsequently removed asing

ang or mors techuigues koven fn the art andfor those desoribed hereln such as, o,
fittration, sottling, conritigatives or any other soliddiqpad separstion mathod ora
comnbination of muthods in dinMenersus, parailed or series sepanition schemes,

(601 Addition o the stiondus reaponsive polvmer can be socomplished n
seviral ways, The cell ealture madia may be adiusted o g destred condition prior to the
addition of a stinmlus responsive polyner, for example adjustment {2, reduction} of
pH andfor eonductivity. The stimulus weponsive polymer can then be added 1o the ool
caltore media and muxed. The stimulbus sespoasive polyier can be sdded ina lguid e
# solid format. The polymer containing sohutioa tself can by formulated fust that it
adfusis the pH of the cell culture mrdin toon desived condition. For exanyple; the
stimulus responsive pabymer can be dissedved in o concentrated acetic avid sohstto,
The concentration of this acetic soid solanon cs he aliered based on the vohune,
fermentation solubion condition and protein csmwentration in order to provide the
secessary pH adjustment upon addition of the stirmulus responsive pohvmer, thereby o
vewull iy e desired polymer concentration and sidution pil The stmalhss responsive
polymer can be added in concontrations where spomtansous flocculation voours,
typisaily in the mange of 0O o O U wi pedveer or 801 0 803 9% wi polymer,

depending s the type and percent solids, sunh that the solution heoomes elowsty snd



Is may be Igh a series of polishing steplO ad othersl, The
sob including virus filtrattrafiltraiiin sure may bgat hly understood,

certai n twormsiianesgf Addi ti onal gi dom are sot i hrrh througbouis2athe3ces ai kd
descri cdtions [he Wi? "s nulus"Qx "sind hOrnin., iS ti to reter to a
physi cal or ehgm cabmchangeeAr.t sWhhaRelveSt Rilnilis regloypivg Rtivheset & 1 nveel tdes
novel polymers V\/ni ch a surnulus and whi chhe pol yni e Exanpl es of an or nore
pown u-s: d- s@iddivEceh8liRHaEB S ROAShecdhOPocciGhanges sandloucealngs- el .1. 1
nenN,..a st Itlius .eonp conpiexingnipkx formna.salt to a sarnpk-

KNt St Mulddoldes - @RGEALM dRddad: afd eraditihon @fgeai 1pol e wt 0 a &m pl e
Although the m Mled darima or before’i74.ctinnat a polv:nw in a sanple.

10( 1 i.' The bk xROLY doiBRLE0a HOAARQ04: saeEd by ¢ ovalent Mk Kage of two
m . xXc |nonon| ef units These nononmer units can he snthetic n nature The

pul ymom har med, . he: g€ hAGuURit8::CaRR8 d 18RS O be sdded in covcentrations

where @ mixtere of sponanoons Hocoulstion and pobrmer-biomelenide association

QTLULS
{21 Although, use of & stimudus by purification schune 15 more Jesirable

ax i alleviates some of the problems associsted sl overdosing with the polywer, ..,
as i case of floconiation processes, 1 is contemplated that the polymers desortbed

h\:‘i’?‘lﬂ &deiv ui\O h'. H"pi’fi Piid fi(:\\ )li-}ﬁt&‘:.

i3] in an sxemplary prification scheme, a sthnulus responsive polymey
acoording to the prosent invention i added 1o the cell caltvre aller foomwatation &

gornplete and polymer is formulated o bind » Dlomelecule of fterast which s not the
destred tanget moleonde, Drosuch 2 wethod, o stivoslus responsive polymey 18 added o
the ooll cublure ansder g first set of conditions, e.g., vonditions which may be adiusted
befory, during or afler the addition of the polyroer which binds the biomokeals of
ferest, Ader the stimulos responsive polywer iy added ander the fest set of
gondittons, g stmalus is added wader 3 scoond sef of conditiony, thareby generating a
presipitnte which includes the biranoleonle of trierest {o.g, Oong oF more impurities such
as celiy, cellular dobris, host cell proteins, DNA, sndotoxing, and virases) The sadid
pregipitue can be sebsegquently removed by contrifigationg mulor filtration, thereby
resulting v a clarifed coll cultis Buid The vesdting olanfied coll onlture Hubd may be
subsequentdy passed through a capture stop osing a of

wennategraphy swdia &y bind the

destred target mokeonle. The target molecu

PPy
Py



pi es of nofun era i V1000 gl yOel, pcyethylcne copolyttienD plummiOs,In
sonDenbodi m I yne. x. s coatpcilvtel ee which may be 06. et hods acco copol yners
axe xe poigpnerigidcivhe no.s are 0, polyet hyl emeTluscal /03664y Vi
rtylal cohol, poly- re nmet hacrylate, no to t'c'an nvertacv
eribed berth, @i Qed h@XRRHOA 1 WheT:Qudkhe: Muganekalus rishod:888ubna co-

addi tion of orm)l us. A typical St uhxs response is a chapolym solubility.

For exanpl e, i&h@waﬁ@w% Lo ROkWh s, whidhdBItidsSeMBLE by SRLUBLE AL LaRRLL I es
M al cbat becone thsokable in water at tenperatures of about WD 2011/146394

in a portknkty erbodieRL, 18 s\@ﬁwﬁwmI\@aaﬂ@{\h\&% Jéu,,e Qgphatg stiohidrio,
polyrlcotrolyto hacn'pO | Cl co fitting two oft

moedifiad.

{00641 fir some emboding

cell syt wodey condiions whizve the pelviner bands 3 bronsdesule of buerest, which
i3 it the tavget moleenls. After the stimahss respovsive polvimer B well e g th
desired solutinn convlitinns, a Hoconlate which mlodes the bronioderule of intavest is

atfowed to fmm. The solid containing the bimmolkeenly of tterast is removed by
primury clavificstion. The resulting oot cuiture flnid is collveed and @ stinudus &
applied to precipitaty restdual podvnwr. The wecipitated wsidual polymer is
subseguerndly remorved by sevondary slarification The rosulting oharified sell culturs

ssdubion fa passed throungh a capture step vring & chronwingraphy msdiy o bivd the

target molomule. [ may be presibde 3 romove the

xidual polymer using the additton
of & stimoby at any of the pourification steps olowing primary claniflostion. &dso, i
may be possible 1o sdd o stmmlus o rumove roshilnal polymor a1 sy step sr sl ong or
more stimpll omliiple thoes thimghout the provess.

0as] In another purifioation scheme, s stimulus rosponsive polymer b added
o the cell cultire Huid sfter fermentstion 1s comnplete under conditiony snttabde forthe
palymer o bind ove or more bopurithes, sach that the polymer dovs nol bined the farget

molecuie. After the stinudes responsive polyer s well mived vader the desivad

vz

soltion condiions, a stimulas i added whuch forms a sobid procipitge with one or
mor inpurities, The sodid precipitate i renwoved by centrifugtion andfor Hlvation,
The sulting Clarifiad cell cuitire solution is passed through o filter which is cxpable of

Tinding the stimadus rosponsive polymer. Ons of ordinury skitl in the art cun readily



units, kast 55%of the r at least 70% of the an. ' S5%of the UnitS. O

rued functionality, In other words, at |east 50% of the nononenc t of the
unit I n swoi2eliersbdi ments, a enhuns at 'east two O nOr @CHUSRNRVBEH4S

e charged U nse of the PelPttr1)1 'backbone oi p&ners. in which each of the

nh0000Aacri C URL4/Si6ONLALRAS o Biclbid il ine SUER:DOLY-BL: Up G RBY 3 heesageefkrred to
as "continuous pulyefectrolyles " Exemu' erant 15)11 limted to,

poi yal I'yl arning...;Roky:; W Li.QRk Aeswe Qg&zx@m&ttpmaxcadw\mpglsw\ seRtL Geachi 1t
e al so coutonplated't one orentities, which ar different fu3”

pol yeketrd yl | obr.Qr aﬁ%ﬂ&% S glgpm hum E@ S YAEORNOBICATOUPS

i ncl ude, but an1no ny: ‘groups. ternary butyl groups

poiyeyiie phati whé/zdsﬂ Aol A L GhaLk ;a LOQUS,UGR f9§ oPRcul at

enthothlnetPcny group dfm3 Hi group can freearben and contai n
bet er eat on 9, Wg “Ogggvgw yig& .\l ckbone is iet.0 for alt solubility,
thereby to tﬁb ko Tﬁé nu1us responsweness of btf tartdOSPEEIble to have a

nunbm‘temntn a sti X i . .
? t rgfm%m‘w \:\Amﬁlmiw oy Filters may alen be vsed to remve a

podviner fromt selution, For example, an anbase nembrane containing sulfonic acwd
aroups could Be wsed o remove a polyaming sinudus responive polymer, Also, s
filtsr with hinding proportios stmilar to the stimudes used fo precipiiate the polymey can
b used. 1Y the sthoukes is & oudtbvalent anis, then providing o Hiler with a surface that
comtatus malttvalent antons can rensove the polymer front solution. For exwmple,
membrane modified with polyvinglphosphats could bimd o polyamines i much the
same way that phosplate jons can compley with polyamings, therehy e induce
precipitation. Also, beads {fe.g., rolymnthaervlats) modified with pabyvinyiphosphate

N

coarld be ased, In some smbodiments, follnving firation s the solaton with a filter
that car remove the stmaelus responstve polymer, the resalting solution ia passed
theongh 2 cxprtare step asing 3 chromatography mestia to bind the target biowolecale. It
is possildle @ remove the polyney using 8 chromatgraphy media, depth filter or athey
porous material that can bind the stimulus responsive polymer. 1 is alse possible o
remove the pobymer with adaorptive means af & singls step or more (han e o seulliphs
steps. Further, # i3 posaible fo rowove the polymer vis adsorptive means al any slep

after the polymer’s addition to the mixiy

i 1o antiapated

x

that the prosent fvention ean be used in many

wariations of the pusificatine sehemes dessrtbed herotrn, The stimles reapousive

B g

psbemer van be used 1o substitide or enharee bot the elarifivation snd vapture steps.

iy



Sk,i olthe polyner. Aertottlii hydrophobic |IflGd. UH) atlon s |uiportaut and
itt Ace dnglv the percel bon ity or at 'least 3% or at |east 4% or ati
| east or awol2emsiseioeat 55% or at |leastO , or at |east 3BPUAABRIIOMBIG4S

nthlitied poltailectrolvto charged nononeriepolyelek"" o --]0

pi al ytil octt hegedumgiouR: «@ﬁ@@@&da&@w&k&&ﬂho LiGradManyhsubstid aled  or

i MM bstitutPd neyclic cauhoncoat ai ni ne(l oul | uounds. ; cnes and
al tynes. Exappl es§§“ xoitu%zw‘« GEOMRRd Rghude i\l OURE 83 RPES R Mkl and o

et hyl , i sot ropyf | so- hpupper al'kyl, for (Aar]tsl. i stsdocy] |ike;
l'ower al kyl eyp,d ;SH n@é(xa;m;ﬂr His s8R0l @im"\l!k PRRAL Qm%m%xﬂz\l?\eexﬁm laph®@hexenc;

and uppc.r aikyl 1so-octene nonene.” &Temand the lii]. wth nun- wr aps

straf ght - car i, 25,48 RUCQTARSSEADY NG D! BRE0LoLAYERLI AR 1:e RS LA

addi tionay] ip-oup may so cone: Whi eh one”ox hore.rope mMs 1S repl aced by

a_functi onal ;pi.pps, | &HQ%'?MQ%W LONARARREX Y ki pdlidrRd the Tike. At

used herein, t

skbone capable of binding cue or mors dmpuritiss, The single podyimer conld bind
the target molecude and one or wore mpuritiss i x swgle step or muluple steps,
Subsequent glution of the target wolecule from the polymer may oeour after several
difforsnd provipiation/stimelus additions sv washing steps. The stimulus rosponsive
polymer o be sdded after the captire step and veed o slarify suspended solids and
impurities widch resalt from vires factivation o sther steps after the cxpture step. The
stinnslos resporaive podvmes van abo substitute for sw enhance podishing steps.
{aR] In some ebodimenty, # vivus inactivation step {Le., exposure of
sodution fo low pH, surfactants or heatd v included, The sohation conditions may be
seljusted and the sanple provessed through a series of polishing steps .o ove oF Dwws
ot tove exobangs, hydrophobic intorachion, mixed mode and others). The solution may
then undergo @ series of fHration steps, inchuding viras Hhration and ultreftiivation o

diafilration.

HEESH! In order that the prosent disvlosure pay b moore resdily sodersiond,
coriain terms arve fiest deflued, Adiitivmal defimtions are sat Torth throughout the

Jetatled desoription

i Pefinitious
FRITG The term “stimoles” or Cstinall,” & ssed intrchangeshly horetn, s

[



hydoear bon chain, eat | east one of the carb double bond. WM )] As usthe term
"a. termnally sust 03 190811As . used herein, the tertitut.ed with at

| ast one wO-20i1/MEJ9As used bernjs to a hydrocarbon ring pearisoaiassras ed
doubl e bonds, oftenat |east sixelectrons. Exanples of y] groups include,

but are at ph@“&(}'ﬁx @R ;tnm(hv m@&'{sﬁﬁ(%}ﬁm Liubaivet W01 14340394 P61 US2011/ 036648
ranchedto a stra:icht or one or nore hydrogen atons is rt.1, by si

Wi rine groupyGhal g \g%ab& mb%%&halunntznQ{ HALOQN: ;ﬂ\nhaﬂ}&mmo any
sOsijuitai or unitabitti ted am d al kynés. 1sot anple, n-Itept outanana

coni poonc Vi, )asir;‘!i 2 \i'}.-\i. i %qgiiiiﬁ% s L}QQ’LM»?& e a%és@&%lhgsmﬁtEE:‘:!JRRQ;%;S:%,l kft onyl,
di ecyl, and the 'hke ower aikyki al kends ~ exanple, Lthylene, propytene,

proprente%P@w lu'ﬂ Qsa%my&l?m eXaNRs REPL YLL S0 8 Rl kD, d0a080gr al |

i t under st oodone or ord

srstior changes in phL In some embeddinuady, 2 stimules comprises sddition of &
complening agsat or a compleo Brming salt tooa samgde, In variows embodiments, a

stinndus i gonerally sdded after the additom of & polymer 1o a sample. Althouagh, the

Fd,

stirnahey may alss be mided during or before addition of a podyoer fo a swaple.

(O0TH The torm “polvracr” s used heran, refors to s mudesude formad by
covalent lnkage of two or mors movorer snits. These monomer units can be synthoto
or oot i nabin. The polymens formed by the repeating wsts can be Hoear oy

bramched,  Exanples of polvmers include, bt are not limited to, podvethylene glysol,

polvpropylene glveol, podvettylens, polvaliviaming, polyvinyhddonhal, polyatyrens and

copoivmers {o.g polvstyrens-co-polypyridine, padyacrylic seid-co-mett sthacrylate,
plaronics, PFOS o). In some embodimonts avcording to the presant ivvention,
polvimers sonprise & pobvtsiestrolvte backbone. Also described hereln are copolymes,
which may be used in the muethods sccording o the present wyention, where the
copedviiers arg wepiawive to a stimudus, In goneral, it is understond that w case of
podyvmers, the monsmorio wals are of the same type, whersas, s copolvmer will psually
have different typos of nlonomene unis,
RULERE The tern “stindas sesponsive polymner,” as used horain, s a polymer

or vopolyner which oxhibits a change v a physiva] andfor chemical propanty alter the

additton o a stimalns, A typosd stomlus response 5 & changs wthe polywer’s

solubility. For sxample, the polymer poly{Neisopropyvienviamide) is waler solabis at

tenperatures balow about 33717, but berome tuenduble i water at teraperatimes of aboat

i
2



i nn numerotr, as well as :biunehed 4thin the scope of the
presention..adt.3+3.33. (il fTtDUp al so contain raricoisTMor no - hydrogen
fluorin cvedo(10Q61 r dcsenc.d henna, In other words, arCunustennigaoup is a
group. which is distinct fromso attached to the poiyel ectrol yte haurged

group in thezbackbong.For ansoReFbedimealSueiRe p@vhbgand.foniahana
properties of the nolym Lo)xylic am no, quaternary am ne and ‘di et 01105.

LECo vide addi{bapak.d8slhetRf QRSE ld:@Rokd B8 :ROEMER: ALLORLDO: 2

utind' .vons3".ve to a 500011 PriVid( it s rite binding caExanp e, but are
not dn1ted gg“ganp§ﬁm[‘§|Ik faction groups, ehielate or cheli.th having so
t.alled piti. nteroellotarget conpot -ids, hvdrog [00g6l The termfloe cu

| ant . such agya;pol ymer deserd \Q@[hci 18 %L&Q@«Qded uwﬁsanlnb &uQ SolMbl e 1 pt
*rein,refersl0 of ato the oré -

OB POIPIESY COMPIsing TWo o RIS monomerie anits, whess at least 30% of the

anits, o «f oast 35% of the wnls, or gf leagt 609 of the wils, or @t Josst 68% of the

uny, or at foast T of the units, or 3t foast 783 of the anits, or ot least B% of the

untits, s at loast 858% of the unity, ov at east 20% of the unily, or &t lowst 93% of the

winty, onntain a charged functionslity, o othey wordy, at lesst 30% of the monwsmenie
anits inclode & chavgad group which Formiy a part of the salt. i some embodiments, &
putyvelectiolyte backbone desoribed horoin contming af loait Dws of Mo monomstic
unis, where sach of the units contiing & charged fonctionality. Invase of the
pobvelectrolyts baokbone of polymers, i whih gach of the nwwomeric unlls contiins 2
charged functionality, such polymers may be reforrsd s s veforred B ay oot
prdveloctrolytes”™ Exenplary podyelectrolvies include, bt are not Bimted to,
polyallylanune, polyvinylandne, polyscrylic acid, polyathylontinine, shituean, and

podyvinyiphosphoric acid. 118 also contemplated that ong or mes svdities, which are

different front the symomerre anily, may be Unked t polveleetralyte hackboan

{0741 The torm “hvdrophebic group,” as usad hers, refors to 8 nonpwdar
eptity or chemical group, whivh has hittle o no affiaty for water, Exeoplary
hydrophebiv groups inchide, bat are not lanied to, phowyl groups, tertiary Tartyl groups,

syl hydrooarbons, polyoyhe shphatie hydrooarhoms, pebyoyetio aromatio
hydrocwbons, and short chain hydrocarbons such ss boxyl snd votyl grougs. Tna
particular entbodimend, the toedrophatsic group s phewy! group, The hydroplestsic

groap can also be o novchydrocarbon and contain beteroatons such ag nitrogea, oxysy,

3ot
L



VA be :oltilion at a conccntraton which allows fry spontaneous ion
aggregatesfrom sol ution via typical sol nethods. soni ¢ enbodi nent s.

a: sanpl e woammiaswh a tarp?: ntierule is to he purifiedprasiusgoianescup. t .
nore stimulus responseve polyners described here WO

2011/ 146394PGELS20ELLQ3 6048 «GanEaRINTnNS SARPhEIWhE Regnshidibys resruns:
Ye polymer. Partial purification may be acconpllshed for exanple, by

suk:ij ecti ngqsd:Rgis SAMRLG: 5008 A B nck i, @nByLidihcat pOR SRSy LEUGN:AS,
e.g., one or nore non- afflnlty chronatography stops. The taro nol ecul e may

he Separatedwﬁﬁﬁﬂhanﬁn%tEQQRQwHﬁd%ﬁht@@l%uwﬁnkha*&ﬁmgﬂthEﬂgﬁbhﬁ§ ei ther by
precipitating the one or rore inpurities or by precipitating the target

mol ecul €. | Ok, R i SONBBRRQTEPBALS, it RrndbkiW 1S HESRARSEMEIROhWITET
according to the present invention binds to a bionoleettle of interest

which itself n‘n% azit ?%&:9%1 g{ﬂbﬁ%&t LIAL HREQAGT ;n( : .~;9m foeh Rl @8 LoRLeL el n or

L
polypeptlde) der a condltlons And preC|p|tates the target

mol ecul e und@tsm@t ;{Q‘e;%Qﬁt%L éset%tmt%gn%tz S gw,\uapnitt 08, ;adgtf?tt&nnof X

stinmulus to the sa her  enmbodi ceul e interest is
a mol ecul e O%Qe'@sh ;tt]egntt,taﬂ i§r19 n&’t}?;kg%‘?%'h;mm{%;@t hrg[:p\\'\gt 1@?"@%} 3 !nPﬂP' ectile
of nuterest bound mil us escrib erein may be
a nol ecul e which. i s q{v gmg&\g

smupl e. W thott W sh

X be aSSOCIated with a target nolecule ma

0 be ﬁﬁtnd by theory U is contenplated that in

some enbodi mept.s, a stl has responsive pol yoer accordi ta the present
i nvention bln&s %nd pregnﬁﬁté§@§“§ﬁ§““§ ‘“*3 O t“% ”é?ng DNA,

whol e cell s, r V|ruses end ns andjo ulture
Bl L ves, _uBBT B a it et PR i De b R e ‘EE rafight

nol ecul e (e a targe proteln or pethde coul d berunified using a
pol yner descgwﬁeﬁ“ﬁ@rgf% @??ﬁ%? e &e&gﬁ ‘ﬁ??h%ﬁ%ﬁﬁnﬂéé%?éﬁ“ﬁgrget

nol ecul e or by precipitating one or nDre undesirable entities (e.g., one or
Mor e |npurltFE@”W“@%tﬁﬁwﬁﬁymbe‘B?%s%hﬁh‘%ﬁ”“%dﬁﬁfe &bt F%lhfﬁ@“ﬁhe desi red
target nol ecul e. 00891The term "precipitate, " precipitating” or

preci pi t at i SRV JERETHEY 81 Hﬁ?*v’étéff@ftﬁﬁi%wé“wat“t BAEES OhP0F E¥edund (e. g.
in a conplex with a hlnntbcule of |nterest) or unbound polyner from an
aqueous and/ 8y #dEpUBhe §tigkbY e & WehI Agiebia® A For iusorubrest e, WO
2011/ 146394PCT/ US2011/ 036648 [(09(fl the term "bi enokeel e of interest," as,
used her ei n, or Bfers t.or arfyosiriFeculionhil Eh. #tet lauRd and: pracibi tatted by a
stimul us responsive pol ymer described herein. her exatlrple t he

bi onol ecul e &fstidftepadtesgiarither @ ﬁeeﬁ?e&“Ldtget‘hbtébﬂte“éueh spisast f or
exanpl e, at desired product or pulypeptlde of interest (e.g., an antibody),
or it can befdh. undbsit bl @ @hpitiyls  phildRsITEEd st HoeeT Penovdetef ¥t a
sanpl e containing the (leaned target nol ecule. Such undesirable entities
i nclude but areimettiM ned to; tbr &anple. One or norethipurities selected
fromhost cell protein, DNA. RNA protein aggregates., cell culture
addi t kes, vi {{§ék. enddie mrnsprwhobediogichs zmﬂtitméhﬁt*msaﬁe:ﬁ@bﬁst generaily
tonns |ltarget nolecule," target bienolcenle," "desired target nolecul e”
and "desir ed:dfar getsibi antwbiiged digsiictabluseged ploepchangepbibe hexnei n,
generally refer to a pol ypeptide or product of interest, -which in desired
to he purifi egs QL{§ﬁp&&ﬂ&@daﬁh@ﬁﬂ@ﬂﬁm@ﬁ\Jﬁﬁ&%ﬂﬁﬁ@&&bwahf&,@mbbhﬂeS one or
mere inpurities, winch maybe present in a sanple- containing the
pol ypepti de @fonph@duhis ofx fodf-@i@stic pieud BEXBuipr Ot ei n of interest,”
"target polypeptide," "polypeptide of interest,"” and 'target proten,' as

used i ntercharge ‘fibl y h@ﬁ%ﬁ:{htrﬁ&@@fﬁﬂyhft@fﬂ;ﬁﬂrw&%@sﬁ'&@ﬁ@@@ﬂil C protein or
pol ypeptide, including but not limted to, an antibody that is. to be

purified usi BG @Skl LELESRANS LM PRLYNBLRARERHkRG EQphdQ - Present
|nvent-|on [ 00921As used herein interchangtiably, the téerm "pol ypeptide or

"protein,’ group, which v distinet sniity foen the charged groap in the baskbone,

e
7
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generally refers to peptides and proteins hating nomthan about ten am no
nands. In sone enbodi nents, a stinulus responsive polyner deseribed herein
i s used twolsapacate a pra tein. or geh:,ptrgtillie frePCmusp@®1086648
in.b'ein3ldeairable einitiewresent in a sanple along with the protein or
poi ypopt i de. hingsouse ehedi MRAL She LR “ARE "QEniRNeRALb kiseSg@re one. or
More inpurities which may be present in a sanple along with the protein or

pol ypeptide beingiRubihed A, di-sgussed o rhave: ol SORR @ARoMENt S, 2
stinmul us renponnlltt p.01)11liei. deScrikx..:d herein siaricifical4 binds

and preci pi t akgs, &PLeLEeLD QW3] (\L‘ﬂ"@g%ﬂ@q 19201 14030648
pcdy./O.tplith: 01 i nterest upon the addition of a stinulus to the sanpl e.

In other enmbadiments, Mgkl THLUS FESROAS! ¥E,ROLYIR, A8SGL! ;J@e@lith@tel n binds
to and precipitatés an entity other than the protein or polypc tide. of

I nter est Sucpzt@zsﬁqEO{gzip,xagnCeitfzh@%tw 8l isRES {W\e'@@m DNé,;Mler@&t hol e

cells, cellu ebris an cultu ‘e additives 'upon t'he addltlon of a

stimil ue, [040931In. O TBOUM RN 5.8, PLOLG R0l POL XRCBLI Ol 1O

purified using a st I"0S" F eSPOnsT ve pol yner descrlbe herein is a
manmel i an_papcin, tJ.C. [Qt [ Y ul&. eed in
t her apy. Exen%t Y ﬁ% glﬁshfﬁgt 63“% Nﬁ” T ﬁ?tgg i hqgh exanpl e,

tenni: a growth hor N udi ng human . h}g{;ﬁ net“hantgubgtvsl [16 growt h
hor mone; gr oK~ Hot" ﬁﬂ?“%féﬁéﬁng étb parat i'd " hof none;  t hyr oi d

stimulating hornp oteins: .a ant|t ) IM.A-chai n;
insulin VEhaNWV%SNEféﬁft<f8”?}“dt“ trﬁﬁbﬁ% ?%b? ”*\eﬁaytéﬁ

| i nei ni zi ng heEnDne gluc‘gont Iottlng fae torsf%gch as f, c%or VIM, factor
IX, tissue fHCTOFTCEHITERTW  FRBFARdS" FATPE antli v et g 'HyEact or s such
as Protein. C, atrial netrlnetlc factor, |ung surfactant a pl asm nogen
activat or, nﬁ?““p§§“hﬁawfﬁh§€z ?‘hﬁﬁan urine or tissue- type pl asni nogen
activator (t- PA bormber:in; thromin; henucolullc grow h factor; tunor
necrosis &et &7%g pha Anaddifry \“‘éﬁﬁebﬁaﬁﬁ*“ﬁ%’se‘ “*MN?@S Trieglrs ACEF R
activation normally I-cell expressed and secreted) human_  macr ophage

i nf | amat or y *HEGLEE A EREBYIPEOGEERRY RSP UM AP ROGudRAS Riian ser am
al bum n; Muel | erian-inhibiting substance; relaxin ﬁvchaln rcl axi n B-chai n;
pun- chi : ki n, felias! gonadrdvropi el dsdse Fareiopsprrieic @MParis KRR pr ot ei n,
such as befa hrel amauc, Dnauc: IgE a cytotoxie T|rr|phoeyte associ at ed
anl i gen CTI Ajud Sudke. ass STt pordin, Setorwi pevaselivdr shdotivepiaathegr owl h f act or
(VEGF); tncepters Rir hornones or growh factors; Protein A or ti;

rheunat oi d f Gedrorshoratmeuriors Ophke o ofvh e mudue s Fokagrs reraryadarton

TICl ARItrot >hi ¢ factorneurodrophin-3, -4, -5, or -6 (NT-3,mNl E WO

2011/ 146394 PGT4tS26d#1/ 036648 or a nerve growh factor such as NG--13.;

pl atel et -derived growh factor (PDCIF); fibroblast growth factor such as
oci FGF and nYEREE; epi idkanmal griowbhict-hS8teky i BEEF o $17 @k konpivigriigs owt h
factor (33,iF) such as |IGal pha and ME-1seia, inch:ding | G- TGF452,
TFI F- 153, &FSjzr@inat33Mkiukiied s ul onst bivkeygrowt h factor-1 and(1 G- 1 and
ICIF-1E); des(' -3)4CWI1 (brain | GF411., insulin-like growth factor binding
proteins (|GREB1)s): Chupretkivds, baiehy s ED3 CbdrCiosy akBhy! QrBPROycHAO34, and
CD4Afii, arAroPoiall M ostcoinductive tiseinrs; imunittexins; a bonc

oi phogei | et i grpkQiekubGBNE Rith zaluh phest aron. such as inierleronisi plia,
-beta, and - -gamm; col ony stlnulatlng factors (CRE", iag , MaCSE, Ow CSF,
and G CSE; nagab) | euki ess Qed Brei®, 18 tenbPadD vhibyy 1d QlyyStipetakindesdirgni ti t ase;
T-col|l receptors; surface menbr ane proteins; decay accel erating factor;
viral anti genysuehr @Supfof deXRMRLE:, BePROkikoR: af ledhax AlRS-ienvek ope;
transport pr ot ei ns; honlng receptors: addressins; regulatory proteins,.
linear ins sygh.as: MardiGroM b Rde 3% aed Got il R, pBAWL, \M@{M i Amtkyangh: «VCAM a
tunor associated antigen such as 14Eit:3 or RA rocapi or; and flagnents
andl or varlaqg§\qg“§ny of the above-listed polyporaldea 00941Further, in
some enbodi ments, a protein ot pol ypeptide purified using a smart polyner
according to the present invention ia an antibody, functional fiagment or
vari ant thereof J8SOTllre einfrai hnments, a protein of rraCrtAis a

reconbi nant protein containing an Fe region of an immnnglobulin, 0095 The
tem'immunoglobulin,' '"la or -antibody' “1, used interc. hangeaNY herein)
refers to a protein having a basic tour-pol ypeptide chain structure

consi sting of two heavy and two |ight chains, said chains being stabili Xed,
Cm exanple, by interchain disulfide bonds, which has the ability to
specifically bind antigen. The term'single-chain imtim Tiobulin' or
"singl e-chain antibody- (used interchangeably herein) refers to a ptotein
haV|ng a two- polypelnlde chaln structure con5|st|ng of a heavy and a |ight

o I T .. . I

U



gnains, lho -constant” domains otody 'heavy chti referred to iderchaneablv
a ltavv chain constant rentnsia &ttain-a",regions or '"tell The "-vaof tinti
gitly |ighD20haiss®4arevd to i nterehably asWe agi ons- chaiPaT/US2011/036648

uns tn "VI:," domains. The riablo" donannsflt aiti.body hetwy chains are

reierrd to ipkerchangeally:yhehai i 404 405010 BferhRaVYghakrardabl e

dom' ", reginms or dwnaiw. s 1.m nunog.iobubn or whbeda..9iny he. ,,onotloLd

O Only-al Onﬁws*\@ﬂuisﬂnmﬂﬂ'@ﬂ@ﬂ@zlkr@%kéﬂz{ 8Sh WRECR (gXdcst vd Qﬂzﬁ\m;ﬁnﬁl[@r I gA
axt hbodi e winch t"ta nononierk, dinrk or imtinnoglahnliu antibodigida

nnt h'SpeC'f'Qiz‘mh Sk bsru%r L§9‘wn§‘f§$m§3raz RALEHONQBM AR, 1 BnbuSA  t:mLd
a.',;. they Etttain, éF onal |g|nenr ntltxxlytesvot atrin WO

2011/ 146394PQT{48U1§29 %&;%ss &&legﬁmab%ﬂmﬁndrs&t@%g Otz GRERK! SARLL body or
anri hci be ebtaconp al so be

obt ai ned by fec kam._ 19; n;@%ﬂ% &{} RAGUGRA, LRET FAGEERLS WBRK A, eXPT esSed

- done or as pan a é]n calTed a fusién protein. L\e 1t'pi cbty

fragnent sde a’xprm "?I\B *imgl: %‘%Z if w%»ﬁ?d{&{m & %\Qﬁn%%\n@& }lary fusion

oteins includé nera an I M in-or antibody is

directed agalnst\ n.Q antihgen is a. 2hd Y MRor tant...pal ypept i de
and adni ni st PEETRON 3 if F}Et Lg “é'n ?"3 el %‘Eg!ti‘*ﬁgg rom a:;‘chqrg‘?ai 386 disor der

orample, sthvlne, propylene, propyiyag, batylene, butadiene, pontere, whexens of o
hexens; and upper alkyleng, for oxvample, nhoplune, n-oviens, Bo-notene, nonene,
decens snd the ke, In general, # iv undsrstood thet one or ordinary skill i the an
wintld b familiar with nuswroas straight, Lo, Hocar, ay wall as branchod alky! growgs,
which are within the scope of the present invention, In additton, such stky! groups may
alzo contain varkus subatiteents iy which one or mors hydrogen or sme or mere
flunrine atoms is replaved by a fusctiona! group. Examples of functioval groups
inchude, but are not Umited o, sarboxylic, sulfone, phosphome groups and the tike.
[OO84] The term “fanctinaal group,” a8 wsed herein, k2 group which imparts
sddidonal functionality to 8 polymer deseribest hersin, To other words, & functhional
aroup is st group, which fx distinet fron a hydrophobie group, and s also attached to the
polvelectrolvie baokbone, o, to # chargasd group in the backbone, For sxample, in
some embodiments, @ Smetional groug can by g Hgand for changing the Mading

properties of the polymer, for exaraple, carboxylie acid, salfonic aold, sulfate, primary

amine, qustermary aming and diethyvlaming grovps. The functional group can also alwer
propertizs or provide additional dexired properties to the polymer sach as, for example,

altering a stinndlos response or making the polymer responsive to & second abivwalus

Bxamplary furetional groaps fr allering stinnstes response belwyvior include, batage
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apenticis directed | ob as tunor-associated glycolipid antigens, see Pat,
No. 5.0are al soWhere the antigen is a polypeptide, it nmay be a

t ranmenbrwot2o1mmabm®gui receptor) or a |li.gand such as a gromtus261a0B@ns

| 009" nonocl onal anti bodused herein refers to , obtained froma popul ation f

SUbStant'a||%ﬁh&ﬂﬁg%ﬂkm&ﬂlR@QQ&%@&@QEF;vﬂﬂﬁnkhvﬁ@%n Bolp 8t kfeRidnl n: 0
occurrd antthodig, hi ghly 'specitic, being directed agalnst a single

ant i geni ¢ i ke NkLhIdkRRLAOMd 898 1M0:R01 1346394PCT/ US2011/ 036648
hybridoito Enetbod | "it describ iry Kohl'er et al., Nature 256:495(1975),

or may be mafi%vb?’ teconb;k AR - %\”egthQﬁz»(5ee‘u§a - refichd #9an Baky when

4,816, 567). "Monoc)onal antlbodles May al so be |solated fronlphage ant i body
libraries usjng:the tegh S.J8SE! LD oGhac e @k aNat ur e

351624- 628 (- ﬁgf) Eakt Q‘QLQH$ *g il %qu’§ ,9%@0F§82%2 581“5 7 (1991), for
k-Txanpl e, [ Q093, %{P 261anal s@%at.awb |G TRL L ASE LOGRLAS  Ghiper T o

ant i bodi es (|nnun ohu1|ns Whi cha " po}tlon 0 eavy "and/ or | i ght

chain i s i denti,calpiis, mb zm;g{at Bl SRTLE 0o USROG DG, SeLTe0ege |1

ant i bodi es déf feufar I'm cul ar
ant bocy ' agsor, S Lk s %b%*?‘éis‘%w ﬁf st Bl oo
derived fron1a o%her species or belonging to another anti body cl ass or
subcl ass, ‘V”ﬁéﬁ“ﬁﬁéﬁﬁents of such antlbodles so Iong as they exhibit
t he desired |olog|cal Aetivi, g Rg } g 567, and Morrison et
a)., Proc. P8 Acad. SEETERS %‘%QSf“%*§§§‘fl© 47$‘m$ﬁg B The ter m
hypervallllhb reglon - when used her inrefers to the am no acid residues
of an antlbOHV* &h“dde‘Pe%5%h§PbP§8§6?“%ﬁ““@@HB?ﬁdﬁﬁ@{” ﬁ@“hy%efvarlable
reglon conprlses anlno acid . resid oma_"conpl enentarily determning
region' or "UCDRSipRenged ‘e@fdué§“§ﬁk3W‘WEP? gy G”OQM?YRdﬁd“8©?§7 (13,in
the light chain variable domain and 31-35 (Hi ), 50-635 (112) and 95-102
(1:13) i n the'mésvy s enurwogar FabRe auhir rotiRaRe Sepedps o igaliiBnces of
Proteins of Imminologiital interest, 5th Ed. Public Health Service,
Nat i onal i nstigressss vofchenbt W’“‘B@t ess gelutiopy s brgeirebd HHer 6Pk e resi dues
fron1a "hypercari able | oop- (i.e. residues 2.632 (Li L50.- 52 (t2) and
i:96 (13) inWﬁﬁé*Iight chain variable domain and 26-32 M ), 53-55 0127
and 96-101 (:13) in the heavy chain variable domain; Chothia and Leak 3,
‘Mot Biol. $867Db01- 9175%198“Fﬁ@‘@@5¥@e§mameimhde@Fharhéﬁﬁe\ddnﬁﬁﬁ\thenon
resi dues as hereln defined, 00101"Humani zed" forns of-tu ahics are chin k.
ant i bodi es mhjmmhmemb&kn&wdnakﬁ@eOeedeemhneémediﬁm@dﬁ%b@ﬁmﬁdﬁOﬂnmv
i munosdobittin, Fa, tilt D3US p3. | huma' 3. A -bildiejA Alt hAl TAM

| Tni ' ul obol - stimuhis responsive polymers doseribed horein alang with one or more undesirable
entities or impurities. In some embodiments, the sampde comprises feedstock or cell
cudture madia into which a tarpet wolecnie or a desired product s seomsted, Inosomg
smbodiments, the sample comprises a farget modeouls {o.g.. o terapsutic profewn or an
antibody alung with e s mars oporities (e, bost coll proteis, DMA, RNA, Hnds,
cell culhers additives, cells snd codblar delmis). 1o sonne embodimends, the swopls
cemnprises a target molevwde of htersst which v seeroted into the cell tudbee wedia, In
some smbodiments, & sample from which a toget nudecule e be panified waing oue

or more stimudas responsive polymens desoribed herein s “partially purified” privr w

)
at s



oh hypemret on residues by h3fpervariable reginn residues froma

non. human. speci e, rat, h31 nrininelesited sne capCefitR) Pas" onnunogl ohulin
are ny:| avecdotiyr46®My non-1 humani zed anti bodi es t' omvhi eloTarseonwssshaun

anti body or in the donor antibody, These noddteauoi antibody performhatin

all of at ieas:eRgs @R tiWe 88kt O rmsMaEHaBbiewE:. Okl B iYPR T M &
correspond to those of a nomhuman intinunoOobtilin and all or substantially

all "the FR reghons a6 Lhese, of whrehgnhnanuaaghe 3l RuseguUenag:;, ihe
humahe wi II conpri se at Ieast -tiout an constant regi ontypkaut

"10-1001. " 811 -Rq BQr il BDGLd6h aft}i;{%xt%t 88 BLRY atepsNALMER 3 Rilori19 84y 525
(1986y" Ri echmann &t al Nature :3327313-329 r198to Curt. Op, Street. Biel.

2: 59 10010214 n, 3008 @(Gn&)d)l. TRy LE}QQJQ*QE 'u%é&l» C}th Siss »Q\ahu d{?ig;g':ﬁt imktito

wsr Si Ve pol yrre accor di ngi nseet XCl'. rapeut | eé iesin

( HEROD- | - W4, Ge g_rsltegh? 5 8k sRheecad, Se' 54289;
|,.5,725,8.55)" gighns ’”Mﬁ"ﬁ oG %2 ?étg‘%)éhn(’gtst IC 2, and

WOVECFst | i es; ch udl ng (e fd,lg ‘ nitbadi es t.he. ht. ni dm UVUCh
anti body Ad. § Nt 79, dgn"e“t g“““‘"“ Q‘K‘?‘ B H% ‘93‘3‘“ ?b g‘iﬂ & $ 53414,
WO 96WD 98145331) . 7z SHOY \Jm o ;gs N

T IV “il bind i At G &3-51\\81 fsolf is a twget modocude or

woduct {e, @ tuget pretedn or polypeptide), wuder o Brat set of conhitions and
precipitites the terget molscals under 3 seoond set of conditions, o.g., upon the addition

o 8 sthoulns fo the sample. In other embocdhimeniy, a blomokeoab of interest i3 a
mulesule other than a target wolscale. o other words, the bomelerule of mterost
b by g stimuluas responsive pebyny desortbad horein may be a molkecule whichs
not desired o be associated with  targed molecnle i @ swmphe. Without wishing lo be
honind by theory, # iy vontemplated that i some ambodiments, 8 stimulis responsive
polymer scoording i the present invention biads and provipiates one or mars of host
cell proteirm, BNA, whole vells, celinfar debris, virsses, endotoxins, andior cell culiure
addittves, upor the addition of 2 sthoulos, Accordingly, a targst wolecals (g, 2 gt
pratein or polypeptids) could be purified using & pebymer described herobetther by

precipitating the desired targes molecubs or by precipitating one ov mors undessble

')

ergities {o.g., ove OF Mo Bnparitics) which may be esent in # sanye contatning the
dosired target wonleoule,

BN The torm “pracipitate,” procipitating” o "precipiiationy” ss weed hereny,
refors fo the alteration of @ hound (&g, s cwaplex with o Momulecude of interest)

unhoand poelymer from an ageenus sadfor seluble state 1 a non-upeons smdfor

nsoiahie state.
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ti-CD40 ntbodies. including, 52C6 and in() 00/753410, a (U. S, Pat No
5,622, 700; WD 98/23761; Steppe et at (199 Transplant hitt 43-7:

ti ounna( MW064p11Tmuesyspl ant ati on 58: 377-380): satti-I|gE ( Prestum2ail/ oadess
99.59.19181); antiChi8 (U. S, Pat" 51691, 709 WD 97126912' ri ncl udi ng . E25,

P26 and E27 (ihodi S, Patihe Now “BiofddedB8¢ pdordie Bas 0 B@boreNOm: 9 @94y 313 WO
91: 04173; 1LS. Pat. No, 5,7anti-Apo, 2 receptor antibody (WO 98/51793):dies

irceindi i gy REMEkQA@E- Wund WP eA ANt MAKRLAR rfdbbiBive pNBine) 30560347, A
ay: et Lb: ntwol, 1653; Dhui nautet al (1990ar el 1469) ani i Ussue Facto,r

(1T) (EP O 4&9@3%3?055&399 -ant HRUIRC L VO,28/06248 ). ¢8R4k astt*'ulnti o& JWe--h rda
kon nncJ 225 ar ndx) dy ant i CL)3 antibtadie.s. such as O( (110

4,81.5, . 8931; SRHS QL SheS SHA A3 Lol MULECTI m
and ZENA PAT Y ST E)g{?%é"% Py @3%765§Q2nt| i R R ubatRAD), o B

anti body. 4: &l ftazgifg%ng» Sy, \L E:niég%dééé%z ycggq!me &ﬁ’lﬁcﬁ,o@gi & ‘A!‘N‘PATH 111

(Ri echnsanet {tur e anti - ecept or (dl tta ccabli

as 0)0 tibody. i a&aﬁf\hggﬁm gs{ma- AL :noksawa&iwl&ﬁ% hmgg Thon tuna

Cs 5%0s): ani odi 68 5 colon cani homa. ce 242

tlittOn et ai; 3“ ui td sanubodi es. e.g.
AT 1315 tE |i“s‘i(*é‘t" 51)‘”‘ FLa IEn% Ehbicgh 53 H Y
d.fl

(’ffﬁ ()ure| c et
a) (19951Cnter 4A a0 t| bodi es112

Rec (2 X L. 3 Lkt et ?
or Lynph: ki cﬁfﬁ{‘tf"i‘“‘ﬁ\ et é@i‘fft é“ 5% LR méﬁbﬂﬁ‘%" ‘h?"ﬁ‘ §rie é‘“*" T as 7-1A

(1 " such & g]blx_ f . (REOR anti

t hi | i bo( SYNAGSH ) - and“ﬁl‘r‘*AV a‘ﬁ : R su’&‘léf‘” ‘m‘“ CUUG ] TIPSR ’b‘ddl es such
as PR®®42; ant !&hep t au i bod s':as I[UI hc.siy OSTA}/!H antl;CA 125
anti body OvaREK™SY g™ d“* PEE aﬁi‘]f“éf ‘“}ﬁa Betus’ éﬁf%‘(‘f ible Berdh gubratly

refer i g polypeptide or product of interest, which i destred to be purified or separated
frovy ong o mwws undestrabde entities, g, ooy nwe wnpunities, whach sy s
present i a sample contatmng the polypoptide or prodduct of interest. Thy ternes
“protedn of interest,” Uirgat polyprptide,” Ppodvpeptide of tnterast,” and Twrget
profein,” as ased interchangeably hevsin, generally refir toa thetupeatio motein w
polvpeptide, Inchuding but not tinited 1o, an antiboedy that 1 1o b porified nsing »
stivulus responsive polymer acoiading to the prosudd vention,

[O092Y Ax usedt herein interchangeaidy, the term “polypeptide”™ or “protein,”
senerally refors to poptides sxd pratoins having mote than about for el aoidy, In
some embodiments, 3 stiandus responsive pelvmes deserthed heroin is used to separste
& provtedn or polypeptide from one o more undesivable sutities present 1 a swopls along
witly the proteln or polypeptide. Tn some embochiments, the one o move eotities arg one
o trese impurities which way be provent by s samply slong with the padein or
polypepiide belug pifisd. As disousaed, abovs, 1 sowe embodiments, & stimulus

responsive polymer descrtbed herstn speoifically binds and procipiates @ protem oy



renal cell carcinoma antibody such as ch-C3' (3622W94); antli huni an

c&or ccuant Hui nan nel anoma anti body 1(24 directed agai nstus squanouscel

cui ct uci ‘wo2b31y1468%d antt hunmun | eukocytcs such as Snart Opramarstéie/oagensi4l L. A
OR anti bo) Vie 1031The icons "contttrtii onioleculesnch as aRNA, onf cc

mornt (Tl CPs O;l‘ u«g%dyik (si %@ siiimmq %ﬁﬁtrlgmq at i} Y “d-i'dl ti/ presentpo
L Y&

vpept ade of fﬁt%ﬁesf& e rel | bl endtic g
Lo peso proadliRR s ARl %@ﬁm L A T Gy e
enbodi ment ., r espon

pol ypepl i dO CW \b b?é}ﬂ ih(&ig;fﬁgﬁwé r m \,r;b;rﬁu n mQ Gy ﬁiﬁ?g uk.. _Lsfy{\§ﬂzg?08 ||ne
terns Ifcell prote Y BLOSLL ﬁhen ster
0CCRO7) cel | i’ﬁu*’fhk‘o\“Tﬁé@F Ry ‘i‘fF‘*@ g‘%%{ i‘ ~§ “‘%{“f 5 6%‘ﬁ‘§?i‘n a
lysate tal )OL Q"' The term “cell eulturlused i veL whi ch
in added to &"FEM “'¢tfit¥e process in order to Mailitat- or inprove the
cell euiture or ler entation

[y I seane embodimaents, 8 protein or pebvpeptide being purified wsing &
stinutius responsive polymer deseribed hovein ts 3 wanwnalian protein, 2.0, 2
thevapoutis prstedn or @ protein which may be sead w therapy, Exemplary prstets
inctude, but are nen Hmtted to, For exampde, sening 2 growth homone, nehuhing lanan
groowth hormong snd bovise growih hovmone; groavil hormone relessing lactor;
parathyrotd kormeane; thyreid stioralating hormone; Hpoprotiay alpa-T-odiirypsn;

fsulin As-chain teulin B-chaing profnsuhing follicle stinnibitiog bommone: osdoitontiy
lnteinizing hormone; glecagon; clotting frotors snch ae feetor VI factor IX tissue
factor, srd von Willeheands factorn; anti-olsting factors such as Protem O atrial
satriwretic facton, long swiactang o plasminogen actividor, such as wrokinase or humam
arine o tssuestype plasminogsn solivator {£PAY bombesin thewubin, hemopeistic
growth factorn o reerosts ftor —-alpha and ~hetyg pukephalivase; RANTES
{regulated on activation: nonmally Troell expressed and secreted); buman macvoplage
inflamrnatory protein (MIP- Dalphal & serom aibumin sech as buman seran afbuman;
NMuellerhoeinhibiting sebstanes; relaxin A-chaby sl Bechin, provelaxiy moase
grmadotropin-awnociated peptidy; a micrahial protein, sach as bela-lactammey; Dnase;

Jo¥: 8 ovistonic T-lymphooyte assseinied antigen (CTLAY, such as CUTLA-4, inhibing

sotivin vascalar endothelial gronwth factor (VEGE Y, receptors for bormones or growth

factors; Frotein A of I% rheomatond factors; a newrotrophic fotor sunh as bonederived

aspredrophiv fotor (RDNFY, newrstrophined, -4, -5, v -6 (NT-3, NT4, W5, or K6y,
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acenditte tntion, wstinmulus nmeponst\ Oell culture a) d parry Yeil culture
addm tl oarn agents, ant WO 2011/146394PCT/ US2011/ 036648 [001071The term
‘parts pewormiili4e3vd or ' ppm as used interchangeably hereirnys2oeissssst o a
nmeasure of purity of a desired target noleculea target protein or antibody)
purified usi R @estdMUschasponsivespalyies-gescrdhptneraiay, Accordingly,
this measure can be used either to gauge the ampunt of a target nol ecul e

present aft efyLBgaRAR i@l RLOCESSLrED, GauER LG RN sumof an
undesired entity in some enbodinents, the units "ppirt" are used herein to

refer to the,ancoutd, touQi;@'}“dszu L Y0k a@us)piglgkﬁk@zﬂﬁ TER Yotn, REHQI HEHOP, i n
nanogranstnlllllltet of protein of interest cHOP

prinfol " CHOP, *z' s éi%ﬁwﬂm Af o ;rake&e%w;ﬂ«mr»s%“m heroen khepyot ei ns
are dried (e, . yophi l'i zati on), ppn1refers to (CHOP ng)ftproteln or

interest nm)). 90,08 Jhe LT P eh bl g e UL EX RSB0 G sgpar ati ng.

are used |nterchangeab herei the context of parleying a target

mol ecul e (€ ornd,Poln s&&a@%& Pb@t@w Qs LRHBIaSH) CHEOTL erggmPoSI L on_or
sanpl e conpri'sing tar get ol ecul'e dnd one or nnn1|tnpur|t|es using a

sti mul us resp J?}%%p%gfeol¥';';?£mﬂgﬁm DETpREREH Dy AOMB RIRRAIIEALS, the

degree of pur?t 'ecul e iMcrease

r emovi ng <Coqph§t ;Magﬁagmxg;one 9911 «mfgem!z b sB2nd L0 DG sap e
by using a st espon y as descri . Tir*anot her

enbodi nent, the d ee of . puri.t the darget ol ecul.e in e IS

i ncreased by“%?% ?g fai?n Lg(%ﬁ éfd%%fgcg]“ﬁn§é§3?¥§ﬁ16h§‘ga

impurities |n¥t e 6. 100109]1n SO, % 00 ,qf rlflcatlon
process addi ¥ ?%iﬁﬁ?“ PIEFE:s one" Brmdre ™ ST 86§§ﬁﬁ§ §F€ps " Typically,
t hese steps may, he carried out, if nec ssacy, aher . the, | Qalatlon of a
Larget ol ocHtBERREH BHE O TILE WABEs 1T e BHE PP (S g RS Hiiicus
responsi ve pol yner according to the present invention, I001101I some
enbodi mus, Pﬁ*f‘i‘%’i‘ﬁaf‘rﬁ’n“éf‘c‘éb*\*t"b‘“h ﬂi»éw‘%‘«paﬁf%@* ?“‘bﬁ?‘ A8y Pept | de or
protein of interest u5|ng a stimulus respon5| g é WO 2011/146394
descri bed hek&i i Lty el plars Uhotrogdnddus ™ k“téﬁﬁb BbA MR EaRpREScon prisine
|l ess than ' O conpr|5|n? the pr thaless than 0 less than 20 pm |ess |ess
001 1' The: t &R®er BIARF HE @atﬁibﬁ * HOWERE Erares o sgRTBR OBt GRS 8cties, The
el compof cells a o "OR alone or filtration recipitation, floccul ation and
settling, 000& shvrécignaesptides.

X

(60841 Further, i some soibodinnds, 8 protetn o polypeptide purified using
a smart polymer gecording fo the prosent invention s an antibady, functions! fragmeg
or vavisy thereof. In some embodiments, 3 protein of tnterast v 3 weombinant protein
comtaining an Fo region of an imamneglobaling

EEESNY: The termn “muaunoglobulin,” "Iy s "antihody™ {axed inferchangeably
hereing refiers to a protein having # basie fae-polypeptide chain strcture sonsiating of
o heavy and twvo Hght chains, said chains belng stabilized, S examypde, by trterchain
disalfide bonds, which has the ability to specifically bind antigen. The tonn Vsinglhe-
shatt bnonmoglobudin” o “ainglechain antbody™ (uend interchangeably herein} rafors

1o & protein having a two-polypeptide chain struchire vonsisting of & heavy and a bight



step. Inki.

used herein,

i stews rit I%ﬁ«“r&z&wﬁ&mmu@i dieed Fhe @iy

.g, capture of the desired elaotieanon is the renoval |ater
result in the fouling of a sterile. tiher and hi ghput of downstream
fillets. wexorifaed4i n t he Exanpl es here

refers to any he technique which separates an anal yte of

on

11 21The term ‘Pchirusomtiogscaphy. "

inrates at (rieCihr) thffill other .d }ron1other rough a shalon1 odor
the influencg,dya JE!Q 1 hULRBEAGLRRE S DOHUSR0 L4036 648~ used sl

phasesol i d phase) which’ ale) fromother nicittxm e separated fron1other

mol ecul s n. §.. 8t P8 WL Qh 1A MBRGEHAERUE: BGPLDASRL R 1&p:RE . ARG 8L .

processes.
exchaittic

i on exchange nmono

Etavartotlf chrorratogmrlge reitins, artlnlty reS|ns anicm

r‘e§l‘ isﬁiid.ﬂ}{}g{l; %&qmgsFW Q@(ﬁ@t‘ ‘QYQ&QPQ\PQ \\zm-m@zrs‘% Lon esina and

apture, step f used here.

disulfide bond, Dhwnains are further reforred o hetein as “constamt” or Vvariable”,
hased on the relative lack of soquenve varistion sithin the domatns of varous class
mombers in the case of v “vonstant” doewnsin, or the sigsificant variaticn withun the

domains of varicus class membery i the case of 8 “vartable™ dovoain, Antibedy o

polypeptide “domaing™ are often reforred to interchangaabiy in the art as anttbody o
polvpeptide “rogiins™. The “constant™ domains of autibody light chans are reforved to

[

terchangeably as “Hgde chain constant regions”, “Hght ehain ooatant domaing™, UL

vagions of “CL” domains. The “eonatant” dovoaius of antibody beavy chuins ave

eferred o inforchangeatiy as “heavy chatn constant regions”, “heavy chain constant

ped

gesmvadus”™, CCHY reglons o “CHT domains, The “variable” domains of antibody hght
chaing are reforred to hderchangeably s “Hebt chain variable regrons”, "hight cham
vartabde domaing™, “VI regions or "VL donains. The Yvartabde”™ donmatay of

aniibody heavy chaimny are reforred to interchangeahly as “heavy chatn variable

R

NE A

regtony’, “leavy chain variable domaie”™ “VH” regims of "VH” domatns.

EERS S Imnumoglobuling or antthodios may be monncional or polyclonsd and
may SR in reonomedde or polyinerde firm, for example, 1M antibodios which exiat in
pentuoeric form andfor IgA antibodiss wihich exist i mononeriy, dimeric of
muftimerie fom,  Innonegiobuline or antibodies may also wehudy angdtispecific

antibodies {e.g., Mepecific antibodies), and antibody fragrmoents s long ax they relaty, ov

T

¢ pudified 1o comprisg, 3 Hgand-specific binding donmin, The trm “fagment”

&

sefors 1o 3 part or pration of an antibedy or sstbody ehain conywising fewer amino acid
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used for bmdng a target noeealeuhis responsiv unatography resin, which
results insolid phase containing a pramnol ecukt . and the p&ynier orthe

t arget noweruil/®s®4. subaequent| rec. ovxredusi ng an clitcenussdiep3coudi ch
renoves the target nolecule fromthe solid phase, thereby tilting in the
separ ation ofucitibs thargetaant eauhio: bnamioneatsdoneineSpghamvasmeat s.  the
capture step can be cond graphy nedia, such as a resin, nenbrane or

monol i th © Angihindd 48 SREONGIH YERGL- VRN PRl 8f & iheheF coBhite Whitely bi nds t he
target nolecule. (0011 slallused herein., refers to aby the interaction an

aci d and a basg:aNMaki:0uSySahliSib \se;%zmiemls@,y\@&mm«tm methedsdescri bed
be0" 1i cd sodiumac teli, citrate {ejc. sodiumcitrate), chloride (e.g,

sodi um ebl ongd@}.:8 Webadsb: awﬂnn&uh-: M e QbreBieRAAS 8 MMert of s Javger The
term' multivalent salt' or "nultivalent UM' as used i nt er changeabl y

herein, refefs:40.R:£0MRAMREMAT L0 GON R RS IPEEENAR, ene gharge or a
charge contai ni ng group. In sone enbodi nents, a nultlvalent salt is used as

a stinulus “hlﬁb§ﬁ?§u&t§\'9nhﬂﬂﬂlankh@x§9l%pkk ;y;g&ngﬂRquner responsive
.$ the salr stiimlus, usually resulting in precipitating the polymer out

Of sol ution. % rrpl aryafpf!l*sltf V@Jﬂ A}m’?&ﬁr A n\f\’m &Q%\n@ysg {}%H%QQHLQQ ude, for

exanpk-4 Pho ate and suT ate. o) enconpasse e present invention

are count er “%ﬂ il \;\%%;bcr b?\m @eqw SHUER38: whRL ,ﬁf"@ G Gl ﬂ»fﬁ%ﬁbe 2dded as

mul tival ent sa a stimulus®as desctibed Herein,

a stand al ong, { % agan Rmt}?n@m:ﬁ@am%g&fmoxnrw Al mhugﬂ?l SEULE ik er est
along with a ponsi erna |ver the 'Salt may be
attached to a sub En par¥|cular epbodi ment, a

merbrane is ﬁﬁdﬁ?%éi “ ﬁ‘ﬁ ﬁ?%lhy phégﬁﬁgfe ngfh %% g mftlvalcrrt sal t
cont ai ni ng ndyme coat |ngi l gleng(ko \‘T ”f Julus, .as

descri bed he?éﬁﬁimV§”%%ﬁ$fﬁ§?%H ﬁ§§ SETTHY Wﬁﬁfﬁ‘ t “’?6 %V‘“StTuétUre and
stability, reglative t her, stinu erature a hi 10011lin
Some. enbodi eSSz FL ﬁhtﬁm&éuf%g»%ﬁghﬁ%baw”138#\wﬁ. 8}‘»’3&?\1 KGN th one
or more entities, the: by to forman associated g ci es onpl ex.
Accor di ngl y, YSHEHYTSHPRE® FRYHF ot BE PBPEr i 88 S de it ék“Fianlng

salts, - Non- Ilnltlng exanples of co Iex ermng salts. and thelr resul tant:
conpl exes ar &0 ti val eRE “CE{ FOREISH ﬁ“&g‘ *““aﬁﬂ“éM%wéﬁdJFH@iP“bonplexes
with the carboxylic acid roups tbund in othyl enedi am\et el macet at e:
mul tival ent , “¥APEHETE dERPEEPROSPAERE T PEPyeaRt cFPaEe wndtt! RHewdednpl exes
with primary am nes found in po IyaIIyIanlne and kmassociating ,salts
such as percﬁ“%@éieﬁ“ﬁ%ﬂ@é*}¥@“§8W¥h¥%kaﬁﬁdbédﬁéyﬁiﬁéﬁ%@ﬁb“éﬁ*tCnate and
their conplexes with prlnary am nes found in polyallyiam ne,
f901181"i ont esymiratiiHgosthatowy i HEvaDl entsr prato iyt st sAYbodbakky and
char ge- dlspersed salt.. In sone enbodinents, an ion-associating salt is
used as a WBeROEIRIHGBOAL haciedlpsnip cheleNNiGEE stn BlRISERfil PRt
associ atingsalts which russ beusecl Par te.nn soi stbstance canabk. of
di ssol vi ng ob: whspersi {Saloent stitoli depgacoushisPCHWER 0L 86648
outsolution, s

antibedies directed agaivet differant determbanis {opitopes), cach muwwekmal antibody

ix shivevted against a stogle determinant on the antigen. The modifier “monochaal”
indivates the charsoter of the antibedy a3 betng obtaired from a sulstantially
homsgencons population of antibodivs, and i not fo be constraed ax requiving
prevduction of the antibody by sy particular method. For sxanmple, the monnclonal

anttbodios o be used in agcordanoe st the present nvention may be made by the



ally re.ters to liquid Nubstances toP: Ic solver s, where usctld organic

sol vent s i ncl ude
ri.thitriwetzobilmeivat

a coropsaar :solver glycol, propylene 19012.0; The
rein, re balance:a :iv; negative emPoT/US201188@ROPA

util,. iteeteni ol ar 'is electric road" ) eptide., as used at whieh the
pol ypept| de’ g.pRskt 'sﬂéﬁg@@ﬁq heaaloul atied of nomukhe netesehugy of.t Re am no

acid
or can be delghuled.
as | uurrg. the cont
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,mshﬁ«m@w R ﬂ&{\ knvent i fold ew g .examabesiehn.nst r ued
ents of an ref erences. patents JPhCatIrUr cited.

mS s«&h@ EhQur ﬁ%n oh&h Radi¥al BLEHENGS:: EXAMPELS; di m 0
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Monswlons) antibodivs may furthey inclade "ehimedde” antibodies

(mnmoglobuling) in whaeh 3 portion of the hesey andfor light chaln is wentical with

or humnologous 1o vorresponling soguences in antibodies dervved from s pavtioular
speries wr belonging t a partioniar antibody olass or subglass, wiole the remainder of

the chamnds) w

i3 wWentival with or homologous 1o corresponding seguenwes in anbibodies

Loy

derived from another specios o belonging to another antibody class ov subadass, ay well
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The e “hepervanable region” when used bevein refiors b the aminn

of an antibody which are responailile for antigen-binding. The

fo rogion comprises smine acid restdoes from & “eomplomerdanty

region”™ or “CDR™ (Lo residues 2424 (L1, 3056 (L2 and 8887 (L3
te domatrand 3135 (HDY 3605 G and R3102 (H Y in the
variable domain; Kabat ot al,, Sespiencss of Prsdetns of inpunwdogiond

Ed. Public Health Service, Natlnnal Instituizs of Heally, Bothesdi, 3t

or those residass from 8 “hypsrvariable oop™ (Lo, rostdues 26-32 (L1} 3

G108 (13} i the el ohain vanable domenn and 2632 (HYY, S3-55 (M2}

() dnthe bogvy chain variabls doanain; Chotlia and Lesk 1 Mad Bid,
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WO 2011/ 146394 found to brt POOt lainple 2 Synthesis of a stl.mmhis noons
PCT/ US2011/ 036648 Ci v1015)of the icr commrh Svel ectrol Yte hnkbooe norticed
willAt- Iwoaonegem4StifflulillS. r eony wising a pol yu . yeT(UR21RAsgssbackbone
rncifiod with was synthesi zed. A polyner . pmrha pol yclectrol yte nmaboog

yd. rophom e QgroMpP-MasBYNNNESHewsil of WR aedifiued bt thitso vE@Rabk0Bweanor

40c. ,sot lhnopcyal I[NI1101.30 i so kr)), 2 gn hydroxide and 20 m . of

50% vat er/ | sesithisGheness st b OBl theitn @il A3 XD das@hdren cr2.. m.: O
bertzyl met hanol , 13 m, ofs added to the 'solmot at 60C for :4 hours The

henzvl nodi f%iﬁd QoNaI R —— . bhenheaat @nnﬁ&ﬁ&l&&n{@&\w esul ttherfln
i .neonpa.ubLIth with the solventtate w ashed h al Onredissolved 1Micfl

The noi yni er ;m@s:id kbRek: Ohigeldakal idifalUsfunce S BoBhoPRinfan Figure 1
depicts a the reactionyaflyla.none polyeleetrolye polymer witi he sichlor

i flcdpol vi f MbddoBiR@in. 7ok BQ mde adid, 1 RRLAE Q% dt8LQRBHUE Ysonamglobaling

\
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{revipient anttbody} tn which hyporvarizbie regron residues of the reeiplent are replaced
by hypervariable region residues from & now-human species (dosor antibody) sueh as
monse, rat, rabbit o noduresn priveste baving the desired speailicity, affimty, and
capaohy. In some instanees, Py framework region (PR} rosidoes of the haman
irnunagiobutin are replaced by corvesponding vwan-luoman residuss, Purthonuors,
humandzed srttbodies may comprise venidues which sre not found In e wopmens
antibody or in the donor antibody. These madifications ars madse 1 Bother refine
angthody performence. T govers!, the Teamanized autibody will comprise substastially
all of b lenst one, and typecally two, variable domainy, tn which all or substantially ot
of the hypervariable foops corpespond o those of & pon-haman imnunoglstadin and all
ar substantially ol of the FR rogivass ang those of 2 human avenwglobulin sequense,
The hwrnasized wibody sptiorslly alse will covnprise at bast a portion o an
-

mnmsmogiohdin constant veglon {Fod, typically that of a lunnan mmunsglobuling Fa

further delatly, see fones et ol, Nature 321322335 {1986} Riechmann of &l Nature

TG (198K and Praste, Curr, Op. Struet. Broll 21593596 {1992}

{62 In sons: smbodimueds, an anttbady wikich ix sepansted o purified usin

“
i

s stimuhes responsive polymer aceording 1o the present invention is » thempeutic
antibody, Bxemplary therapsutie antibodies inehuds, for example, wstuzamab

{HERCEFTINY, Genentecly, Inc,, Carter of a (1993} Proe. Natl, Acad, Sl LiBA,

S, Pat, Noo 5,725.836) anti-UD20 antibodios suok as chimeric antt



non of b3i MPAA was g of I Nt CCCll acid with continuous: 301w, slight
"hazy.. WD 2011/146394 100) 251 and Pig The sanples were m xed reduced the
H to annewofpi1i4bsoy 5.5. the pH of 2M Tris base to a pHpofr/u&s20iTo3dche
resuit.inp solution, dihasie was added in Oder to precipitate. the

i oovt uni f en dehnis:gonpkexs Thecthbers; sakhehigREPANSH ™M Gaordihempreci pt hn
(4000 rpmfor | nunThe sup ft2um Du.raporeaThe rest Eutaw 5: Use of
Re H L. MPAA {08k or M@ealReRuGel dreet 8y Misaasan. X ¢hs awph g2 was, then til ternd

that til ed

in .fable 1 ixdow. eXpre tied to four sanples (0, 4g nac

Iy

it with

CUM i gof ~ abepuneliaty &ivgiusabhasubtus Rrf bui gt onsExanpl @ (1993 T0ReaNDI N2 wer e
tim at roomtenperaturerayMer addwon reduced the pHto a Map 0i$ 4:5 to

5.5. be pH ofai il?'@mnﬁ‘@}(ﬁ& VRS & 00 r RuGied i tzﬁﬁ;\‘@ﬂdz%@ie&i &eky. To the

resul ting,.

sol'utiun. 0.043g, r
affinily matored stk VEGE antibodies sook g the hinamized et VEGE antibady

fueAd 6.1 bevacizamab (AVASTINT Genentech, Ine., Kioter o (Y983} Growth
Faotors T83A4, WO 8630046, WO G843 1 L anti-PRCA antihodiex (WO Q1740309
anti-C40 antibodios, including 8308 snd humanized vanans thereol (WO QTI345Y
anti-UD e (L8 Pat Noo 3,622,700, WO 31761, Stepps st a1 (1981} Tranyplant
il 40307, Hourmant ot al {1994) Transplosdation 38377380, anb-Igh (Presta et ol
{1990V ), hnmuned, 13126333033 WO 5T T anit-CIIS (115, Pat. Mo,
yant-Igh, mohading U235, BE26 and 227 (UG, Pat. Naw
714238 LS Pat Wi 5,081,313, WO Y0417 TLR, Patl Ne. 8,714 335); ant-Apo-
2 recspior antibody {WQ S8/81793 ) amii-TNF-alpha antibodies nohiding A2
(REMECADETY CDFST and MAKATES (1R, Put. No, 3,672,347, Lovenw et al (1398}
I Ivned, 136{41 1646-1653; Dhainant et sl (985 Cnt Care Mad, 23931
F46%); antt-Tissue Factor (TR} {BP G 420 937 B1); snti-human alphs 4 bets 7 integrin
(WO GR/06248 d-EGER, chbmerired ov humanized 323 antibody {WO 8640210}

srat-OIR anttbodies such as GKTI LS Pat Moo 4,515,803, anti-CDIS or anbi-lag

antibodizs such ax CHI-SZT SIMULECT™ gand ZENAPAXTI{LLS. Pat No.
SE93,762) anti-U D antibodies sech as the oM-T312 mtiluady (Choy ot vl (1998}
Arthrisis Rbwwm 391153361 anti-CTSE autibodioy aunh as CAMPATHAIH
{Riechmany of af (1ERR) Natre 332323337 anti-Fo receplor antibodies such as the

822 antibody directed agdust Fo gromma RY as v Graziane ot &l (19931 1 mmanal,

1SS0 14096 3002 snticarcinoernhrvoniy mdigen CRAY antibodies il as hMN-14



phospkasadd&ul in order to repolyner-target. nolecule, and cell debrisofa
di spersed solid S1SI)enSl. OlL was ni xecl counnuousis he pree date was
COMC. t ed woaonienatzvisfi 4 min le was then filtered throughpra®/BoviA3daoci n
titian The resu is tletai4 c.xpressull CCE. Tablet. Sasnp:"..s fronn
Exanpl e Sotatie0Bs A { ITEasULed s Sk tabgh it ool unstedids BirddsRVM S.) was
equi | : PBS, MIlysinee UCI An. igli st.andarc curve wasusi ngstlunes e

' pAycl onal f L aGuy e Sanmkrs cwersNdansnati-nas st enidni modk Cfinom sthe st andar d
28]. Sanples IfOn xanmp 4 and Ex

{1995} Cancer Ros, SHAINIR3T5-5856s; and Richman ef al (1995} Cansor Bax, 5523

£ «. &

Supplh SH16x-59205); antibodies that bind fo colom carcinoma cells such as C343
{Lattony ot al {1996y Bur X Jnunuool, 38 -9, ami-CDIR antthodies, o, AT 138
{Elhs ot al (1990 ), Inununol, 155(21925-937), anti-U037 gatibodses such as Hu MI9S

Jurcie et al {1995} Cancer Rag }SGHEE- 59T 0s and CMASSTE oy CDFITL

P

anti-CHRY antibodizs such as LLY or LymphoCide Chowetd ot 1d (1998 Cancer Res

5523 Soppln 89830075 anti-BpU &M antibodics such as T-IA {PARKOREXTMY,

anti-GpHb/Hia antibodivs such ag sboisimab oy ¢7EY Pab (REOPRO™ i ang-REY
antibodios such as MEDESOZ (SYNAGIS™), ant- UMY antibodies sach ss
PROTOVIR™Y, ant-HIV antibadios such as PROMI anti-hopatitis antibodies such ax
the anti-Hep B ardibody OSTAVIR™ G ant-UA 138 wtibody OvaBax; anbi-idiotypin
S epitope sntthody BECZ! antivalpha v botd anttbody VITANINTY anti-haman
renal ool carcinoms sutibody sechiss oh-028Y ING-L anti-human 1714 antthody
{IG22WOLY, anti-Buman colorselal tomor anttbody (A3} antt-human melanoma
antihody K24 dirsoted against GD3 ganghioside; muti-lupnan squamous-cell canimons
{SF-25) gud anti-laanarn leekooyte antigen (HLAY antibodies such as Smart T HE and
the ami-HLA DR antihody Snogdym (Lyvmed b

UL The tore “conteninent,” ity and Pdebuis.” as wxed
interchangeably herein, refer i ey foreign sw objectionalde material, vluding »

Ky
1

biologics! voseromolecule such ag 2 BNA, an RNA, ong or nusrs host cell prtemns
{HOPs or CHOPs), eadotoxby, vivusss, lipids and one ot more sskditives whivh may be

prosent it a sample contalring @ protein of polypeptide of inferest fo. g, an wovilvedy)

bt

»,1
v

ng separated front one or more of the foreign w obiectionable molecules using a



1001291 DO44) 0O<- inc wore grawn in a Scientific) toa WO

2011/ 146394PCT/ US2011/ 036648 density of 10x lirdonal antibody was

deni ns( HGPD 20.1/f4639nd t 0 be 200,000 itg:sing an thu itiripcirtusteiedsces |

Exi unpk 8: . SyWviis 20N, I, Kutvi Modified polyam ne ZMPAA) petit sti

It t&S | 1t stirbidids Ji 20 \;}W&‘s{%um QU%Q X\ the ${>{\9€im‘%\@\5 n e t ) Cnfl tenper
a. ,irecptated pe y| ner hed w vateoii s Ae011. solution (40nlL")

unt' | Pioni “z;z od%% ¥ 8 %z@&?b@&%w §3 s:lw P&l BBsin binds and DOCIDIRIOS &

o i

protein or palypeptide of trterset fan 2 sureple contaning the protein or pelypeptide of

mriterest and Tae ot

npuritics. In other enbodime & respongive

polymer desoribed heretn bingds and precipiiaioy one oF mare impusitics, theweby o
separate the polypepiide or protudn of tderest from ong oF moTe mpunies.
0104} The torms “chinese hamster ovary oell protein” and "CHOP,” as ased

0

vterchangeably hereln, wefer to 3 mixtwe of host vell proteins CHOFT) derfvad front o

Chiness hamsier ovary (CCHO Yy cell coltare, The HOP or CHOP 8 generally prosent

aw an mpary e oshl colture wedivm or tysate {e.g., & barvested cell audbe

containing o psteln or pelvpeoptide of mterest {eun, an aptibody ov bovusweadhesin

exprasssd in 3 CHO vell). Geonerally, the amount of CHOP prasent fu @ maxlure
coryrising & profein of terest provides ¢ messure of the degree of punity for the
protein of interest, Typieally, the smount of CHOP in 2 proteln mixiyre 1 sxprossed i
paris por mitHo refative o the amount of the profetn of fderest 1 the mixtare,
100105} 1 i3 understond that where the host cell s anasther manunalian cell
tvpe, an B, col, 3 veast cell, an insect cell, or a phant call, HOP refers s the proteins,
abher than el profuin, found 1 a Tysate of the host ogll

HUB The termy “cell culture additive,” as used herew, rofins v s moleeuly
{e.g. 8 non-protein sdditivel, which v addad 10 & vell vudtyre process in vrder to
favilitate or tygeove the cell calture or formeniation process. In some enthodimonts
acvording b the present lovention, a stinvalus roaponsive polymer, as deseribed heredn,

binds and precipiises ong or more coll cubre additives, Exomplary ool enliure

additives include anti-foam agents, antiblofioy, dyss and nuivients,

Lok
s



added andei sirrng and. pH of the solution was adjusted to abou 6.% to
precipiaite the nodified. poiyncr was :all euted byfihradon cver a frmmcd
funnel mwotbiipezdmec! overnuhi in- timoven overnight actiiS@)iibseapl e 9:
Sniffles:is 0140@6bayrtinc villvlatni,e (lied A (.0013. 11nm(MA) (i4'yd.)

was piini ednig@id QU m e erwndlRguri ofitisodir crpRY df ol theortlinkedbly RGN CF I i n
2S.tini.. 1120 vazgectlc Boaryi ehhaide (2.30!'i. 2.09ad..) ws then dckd.

s heattd to QikeuQMhfiaRt: of purkd hOQLE R R0RILIAGIURGH 152011/ 036648
Title ream his was then eooitxf to roomttnnpa. polyttlet- preci pi ater and

stirred M agugeus v M Ry dlaiinh@R 5o @bGlh:SRLULE R eMBS H:hen dihuterd. 20 toa
tintl.polyp) potassithal dibasic phosphate (K3liPO4) (3480 is added

sol ution wasgadjusted; ¥Q.QL&:@&@%Pﬂa&!@gu&h%tta£§ﬂ£; 8 WPEL hleQhy 5RO pO. !
ool ktot," 1w filtration over a flitted funnel anddrled over ni ght at 5(1600

o ol yal 1 %t( vt m;\"g“ D%Z“yigm@& b 88ROl Wbl 03 B8 015G 1RAA 6
of pol yal I rt 181111 PRI e TRG A ‘
embodiments, S anits “ppo” ave used herain bo refir to the amowt of s hepusity n g
sovdution, o0, HOP o CHOP, in vanogramsfmlithier of protoim of interast in
sitligmmsimitliliter G, CHOP ppoes{CHOP ng/miy{protein of interast mgimiy
When the profeins are deied (g, by Tyophilizationn, ppoevefirs 6 {CHOP ng¥(motein
of nterest mghh
sl The terms Vselating,” “portfiing™ amd Useparating,” are used
interchangeshiy heveln, in the oostext of purifying 8 targst wmolecule (2.2, » polypeptide
s protein of fnterest) frovn 3 componition ov xenple comprising the target moledude and
one or more impurities, using @ atioudus responsive pobymer deseribed hevein In somy
gmbodiments, the degree of purity of the target moleoule m o sarapls 18 toveroaed by
renwsving (complotely or partialivy st o msae roparities o ihe swople by asing 8
stimuhiz responsive polymet, s described herein,, In amsther onbediment, the degree
of purity of the target molscale In 8 suple b wressed by prevpitating the trget
musdecule away from one of Mo Impuriios in the sangple.
FI O] i some embodiments, 3 purification process addittonstly smploys sue
or more Ughromatogeaphy steps” Typieally, these steps oy be carried o, I
necessary, after the separstion of a targst molzoule from one or more undesired entities
axing a stinndus responsive polvmier accsrding 1o the preserd nvernios,

LSRN I some embodiments, 8 “punification step” o fsolate, separate oy

s polypeptide se protein of intorest using @ stivmluy meepimsive polyoet

3%



Vas 'odi um hydroxide 11.2 17.4. per notif:nmei.) inl H0 was added at room
tenperature wider map sfirring and in small an tuns, |3enzyl Ohloridcthen
added WwO:2d117136394f ew mi nut es at norn tenperature andergTiusgotheadeasl t o 60C
ovenugl forl17 hours. The reac:tlon was then cooled to roonture and sol vent

was renoved el oLyner vmas.,, WL h wat erigueous AoOll sol ution
(40mt. . | thEoub%Rizﬁé"ﬁ m% wn%{{% wﬁ?h@i%éWE Il?% ‘[ {tgtﬂ\g%iudaut ed with Ifl
e

to a fl nal of “h \mv%;iﬁ,iﬂmb £3% ﬁetﬁs ]?\‘*{)) EAG*?% m\ R ‘:s% Y\\Bgﬁ “8&1;,\1@(}@-(1(1 d

urdu stinting a it ik o p preci pitate
the 'nodnmed pol yner.the &n Led funnel and finaQyin oven
over ni ght at ‘**‘%O‘?‘%B L ‘Fﬁig ‘E“ﬁ %‘f"%‘rfpﬁﬁ‘ér iiﬁiﬁlﬂ*iﬁ OB 2011/ 146394
60t, ne poi oveuht %;1 a v\acg\ n Exal 3t U o PCT/ §§2Q1;4ﬁ0366ﬁ8 over
flitted funnBP RRESTFHEFET ey é‘éi*"-s : ‘Bk ‘16% ﬁ Hitedporyar

than 70 ppn, less than 60 ppen, leas than 30 pp, Toss than S8 pprny, Tess than 30 ppew,

C""f

joes

tess than 20 ppn, lovs thave 10 ppam, lees than S ppa, or Toss than 3 ppm of HOP,
{08111 The termn “clarifivation step,” ay used hereln, gonerally refors to one oy
mors hutial steps in the purification of blomsterulens, The clanification step penenally
roroprisvs removal of cells mwor cellnlar debris using one or more stops including any
of the following alone or various conbinations thereef, g, comtrfigation sl depth
firation, previpiiation, Hoccalation and settheg, ChaiBication step generally invedves
the removal of one or wore undesinable catities and & typically parformed priovio g

step tnvolving vapture of the desired tvgst molecude. Another key nspuct of

7"c
9-«,

oclgrification is the renwval of sohidle and volubie components it a sample which may
later on roselt inthe fouling of & sisrile filtey In @ punification wecesy, thurehy making
the overall purification procuss mone coonondest. In some smbodimends, the present

trvention provides an improvement aver the conventional clartication steps commaonty

used fy varfoss pmaification sohemes, as domonsivatod by reducnd turbidityimpuritios
and bigher throaghput of downstream e, doscribed in the Examples herefr
{01121 The tworm “chromaingraphy,” as used heretn, refors o any kind of

technique which sspapstes an analyte of interest {o.8., & target wolecaie) frovn sthey

£

molecules pressnt in 3 wixture. Useally, the ansbyte of inferest 5 separated froms othwr
moteoles as 4 resultof differonses in yates &t whish the individua] nwlecdes of the

nuxtwre wigvate teough & staionary modiwm under the influence of a moving phase, oy

w bind and ehae procweses,

48



001350% di al onbery. polyailvl ame was svntheszed as foll ows, 5g pol ynykaum
ED, 40% vettwt.) was placed in a 100 m. round bottom sodi n hydr50/ 50

1L0/ 1, 2 OwvBEiv@assvaddet 34-dic, |ezyl chloride (0.57g. pO4Qrsko1j1/08a3s
subsequendy added, stirred for few ndates at roomtenperature and then her
reacti on waspgsupgequentihy ioad: > oMeel:§:0:: 600 MRUE  MREHUMbRHH:TO" G and Mon the
rei polynmer was washed with water "TQItIOr2l tours. The .nerattire,

iolyent ii3 pemuedably henbh@d R kizgdpobysRes («The spad wamf“rm ed by
filtration over tunnel aiy dried overnlght in a vacinimO0 Exanple 14:

Synt hesi s of . 33%&hiesbanguhinRddled (Pl vald ¥k amlh eudPRLBZNEAMchNn anot her 0
ydr oxi de foll ows, 5g ponaIthntnne RA.M Nfri 0130, 150 ed in a

100: tom f | ask,ang. ai‘%QJi ‘s*tzw@m@& T \{Qn\ga%%QY%x Zndiqmthoxyet hane (DVE)
was added at room W npem nmagneti c st nki anount

of differenvey in raies & which the individaal molesules of the mibturs mugnate through
& stttomry solid phase under the nfluencs of a moving phase, o in bind and olute

provesses. Examples of various types of cleonustognply modia include, 8w example,
cation exchangs rosing, afftmly rosing, snion oxchange rosing, anon oxehangs
memhranes, hyvdrophobly idersction meing and fon sxchange monshiths.

F001 14 The tonn “capture step” s used herein, goneaily rofors (o a method
wasd for binding o target moleouly with & stimuolus rosponsive podvmer o g

T
%

chromatsgraphy roxin, which resulis in g solid plase containing & precipitate of the
target moleovls and the polymer or mestin, Typivally, the target molecule 38
subnegquenthy reosrverad vxing an elution stop, which renwrees the trget molsoule from
id phase, theredy resulting in the soparation of the terget mylecule from one o
more impurines. In varieas embodiments, the capturs slep cabe eondited waing a
chresnmtogtaphy madia, such as 8 resiy mewbome ov pusmelith, or s pedvney, suehas a

stivnitus respumsive polymer, polveleetolyte or polyroer which binds the farget

HEE B Y The tevor “sadt,” ae used hersin, reforg to 8 compound formed by the
intorsetion of an soid and & base, Vartous sally which may beowsed tvarions buflos
smploved in the methods deseribed berew wolude, but sre vot Himited to, avetate {ug
sodiont soatate), oitrste (e, sodiom oitrate), ohdoride e, sodbuny ohlonidel, sulphate

{ogn, sodiam selphate), or a potassiam salt



WO 2011/ 146394PCT/ US2011/ 036648 m nutesfew at ed to 60" Cfor 21 hours.
lire. nakC day was evaporated under 1/2aCas separate( the

preci pi nogencittmem®a, This | a.uer was was6d in 1-Nt AcUt ipcsalsodilobeed®0r un
until conpleteoltthili zati on is: achi eved< The solution was subsequently

diluted Wthlt. @to a- L Of6 pol yner..sol ution)., pita saaint
chate 110111§ Y o(-1, }1 @Qu Y;Qst}a ded héir)i]/dg y‘r{%?t"%? Fhe Fied poI yner. The

polymer y fi Ihtrat,q e g m f 3@\ ; g hg{\ ) Wd’l ed

over ni ght in’ ‘“‘”“&ié“c‘rﬁ“ﬁgrr%&“ B {%} “\Ef\nd]é oFh ’M}n’l[]‘ mgn 4 po “‘valk{\xlil anl ne

(DC 111zN1 PAA gpog 7] hr erl rren . \2% s

poal | yI ani me ‘ng QNN zzw Q; n?.\«n m i?”s}\lmmla 8113 \E\LB «i?(lal uﬁm} \%gﬁia 0'd
1

Jees aced ! I" h ¥ <8§J ol ~t m flask and a_ solut «.1‘»1 oL $4p

ot sodi ur m out" “(”T SR SETE T TSY Jok P U 750 TZI‘ZOil TYHER was added
at room tenperature under netie stiflingSCl4- 23 mg t hen added and
the rui xtuw ‘*T’faE ‘8? ‘s“rprf“{:ia‘t‘”‘ﬁi“f” rEEegE ”2?5’”‘ %ET “%ﬁé FRXEEBh was
subsequent |y al I? coo{ to room ter £ ! VE. W _rerroved under
vacuum at . 6878 "%’“‘:ﬁ‘ *Hﬁ’i“r Wy éﬁ’af‘ﬁl “HgHSol ‘5} W\é"‘ véd ﬁﬁ‘n' t (tie

pr eci pi tated pol yner. This latter was wasned wlth wate ?tl rred in M
sncompassed by the proxent invention ars cowey s winch may 3 “ *\m such as, for

example, oitrate. & nniblivalent salt, when used 8 stirouhis ax desenibed herein, may be

added an 2 stand alone reagent By 2 samplo comtaining & Momaleoule of nlerest along
with o stirnudes roxponsive polvaer. Alomatively, the salt may be attached to a

%
B,

subsirate, ©.2., @ memhrane. Ina particular ombodinent, @ membrane & modified with

polyvinviphosphats, which iy o mueltivalent selt contabing polveer coating, &

i 3§

mrutiivalent ton used 25 o stimudus, 28 desoribed &

k3
e

sreny, s consvderad loss detrimental o
profein struchive and stability, relaive o other stimudt sech as lemperatirs and pib

F001 1T I some smbodiments, eudtvalent salts are capable of intevacting with
one or more entities, therehy to form an associnted species or compdex. Acpordingly,

FrY

such salts muy also be referrad o as “complex formang salin® Non-hwiting examples

o crnnplex frmiing sl and thelr resudtant conplesss are nultivalent cations such as
™ and 8™ angd thelr sos ayreses with the carborortic acid groups fmmd i
sthylencdiandneteinwortie; mudtvalent maons saeh as phosphate (POTY and citrate
and their compleves with primary ansines fansd i polyvallylaming and na-assocmiing
salts sucl as perchioraty, dodeayl sulfte and dodeny! Tenzane sulfonate and their
compleves with prinary andves found w polyaiivlanine,

EL]

10011 An “lon-sssociating salt” s a sndvalent {oation or anta), bulky and

charge~dispersed salt In some smbodimends, an won-assooabing ssll iz used 3s 2

St

o



.4gricons AO001-1 solution (140m ) o cnncht to.conplete.the sol ET4ton:."0
was sub:secy.:fluty diluted with 120 to a nrolynrer soluft mdi hasic
phosphat ew020214E%94) . 1,1 tr,01l:yl :tt WAS cofl eet cO by prirlust@lilo8ic4s d
finally d vacuum at 504i OT. .1:::i:Tainple 1.6:Svuij'.uyJd&nrvl nunlifled
Pol vai | vt at n{lﬂgtu.w\( 11 KM 2t o k)ﬁ;mmzrma\’sﬁkyiﬁt ﬂ&sr @X"\w&”v«@hﬁﬁeﬁi\ A sl §hydr oxi de t
phem le (i ai was subsequently added and the mi xture was heated at 55C

overni ght M uuakiies, #88HE QaCHLOR M@ﬁpxﬁzﬂbsﬁ‘g'ﬂ@l‘lﬁiM}@@-Gt ekl Bxdhflaryi@y- DVE was
renoved under vacin54 sol vent he precipitated pol ymer. This latter was

washed stirred.difl: LMAgU80UJ 5 AGEE k180 Mtk @Rpl 320kl anda gl g, ove
subsequently dilutéd with Hai ) *til er sol ution pot assi um di basi c

phosphat e (Kafd.k %W%& saifhud, .iEhU:R‘»fi«x@q Rl zi{,fl‘%{smfh%m Lyaercol lected by
filtrarion over "a- I|ttedt|rme finallyed over

100118 The tero “solvent,” as ased herein, gonerally refors o a tipad

substance capable of dlssolving or dispersing ong o moen other subsianees o provide a

sofntion. Solvents include aqueons and crganie solvents, where wyelid seganie sobvents

inohude v non-podar solvent, ethawol, yethanel, isopropannd, acetoniinie, bexylene
givosd, propylene giveol, and 2.2-thiodighyeol.
OO120] The term pl” ov Plsosdectiie polnt” of 8 polypeptide, 45 used

intevehangeahiy herein, refers to the pH &t which the polypeptide’s positive chargs
balances fis vegative charge. pl can be calvulsted fram the vet charge of the anune susd
residues ar st acid residhees of attached savheduedemtes of the polypeptide o can be
determinad by fsoelstine focesing,

HEH 2] Thiz invention is forther dlusteated by the follewing examples which
shoadd nod be constraed s Hiniting. The contents of all references, patents and
puhlished patent spplications cited throughout this apploation, as well as the Figures,

are incorporated horeln by refovencs.

Exsmple b Progpration of undarified Non-expressing Cell Culture Fldd (CUF)
RS I # represerdative experiment, colls derbvad fuan & non-oxprossing

hinese Hamster Ovary GORQOT coll B were grown iz 1010 bloreact (New

. - . \ ] % R 3 e ik ] L A X
Rronswick Scientific) to 2 density of 10x107 cellymll snd harvsatad at 4% visdality
foi was spiked w02 ronoetration of 1.3 /L. The lovel of host ool proteins (HOP} wag

e
Sk



Exam 17: y exper M ent Oyi ner. The ; sanples were nited at roe

PCT/ US2011/ 036648 n' dxture were g sOR On, 0,043g of ipitate the

pol ynermarwet2o1iinacioshe form of o di spersed solid Vhe rec: paatus2ea®3dchen hemat
fromeach porehO filter. The resulting punn Exanple I'S: Cartlication of
CCFwi t h pol yrRR$wak sdidf gl Nisisg s FLWaS (O fawr » sanpkesiié @4geach inutiles
were a . Since &1 10N addltlon Attood the pHto a range of p nn 7

rLseK. tVdy. J@ihivedreilg.wscaniye order to pm:qY ate a poiyner-ba dtate. in
the fnm of dispersed soli f flve I nio: 1{e ' he super

Exsmple 2 Svathedisd a sthmulus responsive pohviner comprising 8

ARANAN A

pobvedectrsivie backbone wedified with g bvdraphobic graup

(133} In o represeutative exprriment, 8 stimulus responsive polymer
congaising a polyaliviamine (NMPAA} hookbove modified with a hydrophobie growg
wan aynthesized. A polymer comprising a cationie pilyelectrolyte backbone modified

ey

with & Yovdrophobls group was synthesized uaing & mixtere of 10.3 g of 409 wi linear

R

polvaliviaming ITTORO, 136 kD), 2 g of lithivns hydrsxide anst 20 ml of 3%
water/methancd, widch was stirred wth] well mixed. & solotion of 2.1 il of bewd
chiorids fn 15 mb of methano! was added to the polymer sobutton, The resulting
misture was heated st 60 70 for 14 hours. The benwyt modified polyalivlamine was
previpitated at the end of the reaction pariod a3 a result of thermodynami
inconpatibility with the solvent. The previpitate was washed with Mmd. of seotone and
redissolved in 400wl of 10 acolic ackd. The polynet wis further puntied by
procisitatin using S0mM sodivm phosphaite at g 7. Filgure | depicts g schematio of
the reaction of (he pohvallvlamine polyelectrolys pabymer with a hydvopbobic groap,

 boreiehdoride.

Example 3 Preparation of g solution of henryvl medified polvalivaming
BaMPAS

{00134] A R solutfon of BeMPAA wirs proparad Ty dissolving 10g of the
potymer fom Example 2 i 80g of 1M acetic sold with continpons aghation at room

mperaturs fir 16 howrs, The resulling viscous solution was slightly hawy,

Fxample &1 Usp of diffsrent concsntratians of benzvl mudified pulvalivanine
(BeMPAA} in clarification of a nen-expresstog osll cubture fhaid

.i...;‘“\;;(-,-}




> >.) niter. The resuhing purification is described in Table 2. Exanple 19:
(,tar.ificatiou of CCP usintt nolvifiers responsive to thffrnent kvds of
mui ti sal ewo 2kvt3oami | |'s 14111 n anot her experinment, pol PCBUB20mmB@48 WO
2011/ 146394PCT/ US2011/ 036648 ati Maiu(i. Specifically. polyners from

Exanpl es5 wepiei28( reetntanohnBaphil eddsdod hhecsuclist Iy, tixe. wiceO
culture. fluid, described in Exanple 7. sanples were m xed at Foam

t enper at ur e. ksl o S 0@ Sl @dysed thhec RHEEO N BRI () omSixdspihe ph of
the m xtures iat, etc aduste.d uli:nhl: 224base to pllsof 5.5. 6.5 7.5 and
8.5,, res peCRhw@m{«ze«T@;&hmﬁ @Stbed: igheSOM: BRI, miButes. SincefoDMDaQ8dont 0

0, 00g..T504 final phosphate coneenti ion) of :.hosphate dihasi.c was added

in order to pueGiRid At & A8 pakvirs s W45 48l lez Geby S GOMPLEXE8edReg
precrstate, u the forth ofadlspersec m xed contnuriusiy for five nlnutes

The preci pi t atepwassSehseayer ridde califgchegdoNiueent (4000 pmdeL | mnute)
The supernatant from each. sanple was then filtered through a 0, 2pnﬁhe

resoling purifiGallonaksidess &!Q&Quﬁ%@h@pm?mgxﬁﬂkiﬁo@QﬁkG&@&kﬁkﬁat'on of
CO wusing a commonk used Thwe\Want | nexperunent, ror the clarification of E

aohi t1on (2 kahziluhBe. TROG.AsiNALeHINS 8RN Pl skl bhaublcTki sire.

F. eradi | onmal Kl'i neZ8 The, pol ym romwas use

continuoushy T fve minates. E.hf: progipitaie was then ondleeled vin ceabrifugation
{4000 rpan for | mingte). The supernatant from sach sampde was then filterad throvgh o

£ 2um Durapore® filter, The resuling purtfivation is detwted 4 Table { below.

Exampie & Use of differsut pH values in the olarifiestion of pon-expressing LOF

with BzMPAA

RIS HaMPAA from Exsmple 3 was added w0 four saroples (0.4 sacly
conaining Sk of the unclarifed cell culttre fhod from Draeple 1 The samplss sorg
mixed s enn lompersiure for ¥ nunetes, Shige polymer addition reduged the pHto
range ol pH 4.5 10 5.4, the ph ofthe mixtures were adjusted using 38 Tos base o plls
af 8.5, 6.5 7.5 and 8.5, respoctively, To the resulting solution, 0.043g of potassiam
phosphaty dibasic was added tnorder 1o precipiiate the polymer-tavgel molecule, sell
srd ool debis complex. The pregipitate, whinh wias i the formn of & dispersed solid
suspersion, was niixed eordinunaaly for Begouinoates, The precipiiats was then
volleoted via contrifugation (O rpry for T mimute}, The supernatant from cach
sample wis then filtered through & 0. 2w Thrapore® fTfer. The rexalting purification
s detatled iy Table 1 below, which describes BaMPAA puriBoation of spied non-
expressing CHOOCOY

Table L.



Eta mpie 21 EArgivatio ic ftdl ow
2011/ 146394PCT/ US2011/ 036648 PBS, 0l1u69.1 with O01M lysn M 2) and cl eaned

with 6M gwennrinessil0. An |el
varying injection volununDl pol ycI anal

i mui ns respossl ve pol yners

S

)

anpl es were

standard curie was creategcuaise@1@3@esies tif
(Set heare) .

i njected and & Qpcentrationsdeternined R 010 stotd.rard curve: iSanpl es
f r om Exanpl e§9§m\§h%ﬁ§ assayed host IgdeRkeqyriot oRCH BeriwP) Itist gnavdio/ newed
et vyne- | i nked rbent??fassay (EI Sﬁa} kit (Q/gﬁ’tﬁs r edo- ¥¥®Des it he, *
Sout hport, N ,{“é‘%(e 'r"an . ou,t Sanpl-es—{:MeTl aup; g:aLLbl €-asga; Sye for
DNA usi ng a- stantg.‘ﬂrd pitco-green—-assay—and-Her{i-ng- gpc[m BNA~as-a—st-andar d
To , J. ssassi-t-he-yeductiion-oficell-s-and cel dybrss--i;--{---t--heﬂﬁtw ‘bi é{fty “WaiS
nmot : sued af t-er..cent.hf.Ugat.i-eriforil..m. n‘:*' -e--at-+-4000- 1 abl-e2;
chat het eri zal.im i t.a.flor..Exanpl.es.8-16%and. .24 Pol ym:r* Conc
21t 3tti V&l eflt. Sak). Conc 2. 191NT) pl—T’“’I’ur bk t.y).1 I?E’Arn\/pry t, Rpo
RCP Renov9 | . rYS‘%% DNA ikern®g, 491 d o \‘;“ 0.4 w:
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{Senwane). Sanples we

)
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FBO128]

protedns (HOPY using a comamrcial eneyie-tinked tmmunosorbent sesay {E1
{Cygous Technologies fne,,

Example 4 and Example 8

Assavine for the puriiv fevels resaliing from the wse ol BaMPAA In
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Samplss from Example 4 and Examgpde § ware assayvesd for hwost cell

WETH

Sysuthport, Ko7
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{
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v ~ oy £ g gt .
density of 10x1€ wiahility, Monoclonsd antibody

fo’,

{VEADRY tHiar was determined 1o be 08 @ The lovel of host cell proteins (HOPY way

found to be 20 paing an BLISA sssay (Cygnas § 3G BLISA) ThapHof

the urelariBed cell cultvre was pH &R,

Exampls B Svithesis of 20% beaayl medified pebvallviamine £

100130} 10g of polyallylarine (PAA) (Nittobe, THERD, H%% wtiwiy was

placed fva 10 mil rowd bolan Sk and & solution of 3,34y of sedivm hydmide

o per muoswanary 1 28ml HhQG was added n small amounds at yoom topemitare

unsher magnetic strring, The benwd chlorids {1.38g,

stivved for fow mintes ot vsan tonperatere then heated &

0

o wis cooded fo room lempsrature and sobvent was removed resulting in

subsequently stiread fo 1M aqueons AcOH solutton {40mL} unul compdete

sotubilization is sachieved, The sohstion was then diluted with HxO to - fial volume of

400 {199 polymer soletion), potasstum dilusic phosphaty (KGHPO) (R 48} was
addad vader stiving and pH of the solution was adjusiad 1o about 6.8 b precipitute the

modified polvmwr, The podymer was collocted by filleation over o ftled fimnel and
fimally deied overnight in @ vacuum sven overnight at 38-60°0

Example & Svnihesb vl 40% oyl puslified polvaliviamine (BeMEPAA}

RN AR RN N RN

jrevest
-,
et
P
ges3
e
]
ey
asimd

g of pobvalbdamine (PAAY (Nitodue, 1306 kD A0% wifwt )y was
placed ina 10 mL round bottom Hask and a sobution of 334 of sodinm fvdroxads

{1.2 Bg. por myawaner} in 25wl FO e added at rovm tomperature under magnet

sttrring and i sonad] anynoe, Beneyd chlossde (2385 2 0%l was thor added, stivred

for fow nuneies af room lonperatre and then haated to 68

47
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easthin was then conded 10 room temporstire and sobvent is removed resalting in
polymer peecipitationt. The provipilated polvmer was washed with water and sthed in

ER aguesmy Aof3H sodution (0mL) antl complate sohddivation iy achiovsd. The

solution was then difuted with B0 1o 5 fnal volume of 400l {195 polymer solution),

3

sgiam dibasic phosphate (KGHPOG) (348 is added under stiring aud pH of the

solution was adinsted 1o pH 6.8 & provipilate the modified polymse, The polymer was
solledted hy Alistion over g Bitted fanne! and fipally deied overnight 1o a vassum oven
Qs

overmight 8t 58-607C

Example 1 Syvothesds of 60% benayl modified pelvallviandne (BediPa Ay

32 Hig of polvallviamine (FAANINTITORQ, 150 kI 40% widwit ) was
placed g 100 mi round bottom Hlask and a soluthan of 3.34g of sodivn hydroride
(1.2 Eg. per numwsner) i 25amk BHQ wes added st yoom terperatuns under magnetic
stirring and in svall mnounts, Beoney! chboride (3,23, 1.94mL) was then added and
stisved for fiw monaies 2t moan engerture and sebasgquently hosted w0 6070 overnight
for 17 hours The roaction was then couded to mixen tomperaturs and solvent was
removed. The prociptated podvimer was washed with water then stiored B 1M agueous
AcOH solution {($mL) untl comprivte sodubtlization s aclseved, The solobion was
then diluted with H o 2 Haal volume of 400mL (1% podyvoer sohutiong), potassiam
dibasic phosphate (KGHPOE) (348g) 1s aabded onder strving aud pH of the solution was
adiasted o pH 6.8 1o procipitate the wodiad polymer, The podymer was collected by
fltration wver 8 fritted fuaned and Bnally dried overnight in 8 vagunm oven overnight at

®

Example 11 Svathesis of diphenyl modificd polvalivianine (DPRMEA A}

[l
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133 I an oxomplary expeniment, s pobyelectrolvie polymer backbone,

pohvaliviaming, was modified with g diphenyl groap, Reiefly, 10g of polyaliviouine
(PAAY (Nuttshas, 130 KD 0% widet ) was placed g 100wl round bottom ek and
a sotution of 3. 34 g of sodthum hydronide (1.2 By, per mowomer) B 23wk B o sdded
al room fumperature under nagneliv stirving o small amounts, The cilorodiphenyt
scthane (368, 3.23mL) was suhseguently added, stirred for fow nuneiss at rovm
teyaperature then heated (o 60°C overnight for 17 hours. The resction was subsequently
alfowed to cool o room femperatars and the sodvent was removsd. The precipitared

podymser was washed with water and stiored in 1M aquesss Aot solotion (40mL).

The remaining white solid, gonerated by hydrobyais of the diphemyd chloromsthane, was

filiored oul. The solution wis subsequently diluted wilh Hatd o g final volwne of

5

400mL {196 polymer solufiong), potsssin dibasic phosphate GGHPOSY {288y} way
added under stirving and pl of the sohation Iy adjusted w0 pH 6.8 fo previpiate the

X

modified polymer. The polvmer was oollsotad by Blration over  fritted fannel and

finably driod ovornight 1 & vRCRGIE OVEN OVEL

Example 12 Svatheds of 6% dichlorebenzyl modified pelvalbvlaming (BUIB2MPAAL

U KRS fre anwrther experviment, 10g of polyalbvlamine (BAAG (NITTODR, 150
KD, 40% wiawt), was placed In a 10l roand bottom Bask and o soletion of 3. 3dgof
sodinm hydroxide (1.3 Bq. por monotoer) in 23md, of Hal i added at weun lomperature
ander magnetic stirving sud i soall wmoants, 34-Dichlowbeny! chlonde {1.71g,
2imb) was sulsequently added and the mixhee stired 8 room fompersture overnight
for 17 hours, The reaction mistare way sebseguently dileed with el of HaAl, aftey

tatsd

which pH iy adfusted e neutral {ph 701 sith phosphorie acid, The pree

15

polywmer sy on, washod with HaO and dited I o vacoan oven svernight at
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o~

. The podvmer was collogtad by ftrationt over a intiad funpel and finally diad

{?'\."'ﬁfl‘li: hi 8 Vasihyh gven si%hi‘i?i hf a3 Seng {

Example 13 Svntheshoaf 18956 dichioralsazyl puolified pobvalivhonive (BCIR2MEPAL)

{EEER Y i another represeotaties syperimen, 109 dishlorobonayt arudified
prdvalivieming seas synthesized as follows, Sg polvallylamine (PAAY (NITTORQ, 150
BRI 409G w Aty was placed fo a 100 mb round bottory flask and s solotion of 188g of
sodinm hyshraside (1.3 B per wonomer) B 40mb 30730 HO01,2 dimethaxyethane
{IIME) was added at roony temperature undsy magnetio stitving wd in small anvands.

I d-dichlorobernd chioride (8.87g, 0 40w was sebsopuntly added, stiveed Sa few
wines g8 oo temperatare avd hen heabid o 6870 nvoraiphy for 21 hours, The

%
3

reaction was subseguently alleowsd W conl 10 mwan tomporsturg, DME was rersoved
wnder vacuan @ SHTEC and then the remaining solventis removed. The procipiiated
potymer was washed with watsr ard thoe sttrred by 1M aguerus AciH salution (Hmly

wrail complete solubilization s acldeved. The solution was then dileted with Qo s

wolome of 200md. (196 polymer solution), potassium dibasic phosphate (GHPO

{1.74p) was added under stiering sad pH of the solution way adiusted o pH &8 1o

provipiiate the modified polymer, The polymer was collected by fituation over a Intied

funne! and fnally dricd ovornight in 8 vacuwuam ovenat 5§

Fxample 140 Rynthesis of 33% shlorsbenzvl modified polysiivismine {BUIBMPALY

polvaliviemine was syathesived as follows, g pobvalliluming (PAAJINITTORG, 138

I Q0% widwe) was placed In s HE skl round bottan Sask and o solution of 334 of

et

sodiim hydveside (1.3 B, por mononer) o fhnl S50 A 2 dimethoxyethans

(DMEY was added st ronn fonpensiure vador magnetic stiring asd 1o small anounts,

P

L
Pl
R
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d-ohbvobenzyl ohloride {148} was subsequently asbled, stirred S fow minates at
roont temperaire and then heated 1o 60°C svoralide B 21 hours. The next day, DME
wiss evaporsted uuder vaowam ot ST and the remaining selvent was sepanated from
thy precipitated polyioer, This latter was washod with water then stired i3 M aquess

The solstion was

AcON solution Q0w wtl) crmnplite solubitization s aohim

2 ~

subsaquentty diluted with H20 to v fnal velums of 200mb (1% padymer solation,

N

postassinny dibasic phosphate (KHPOG {1 74 was added under stirring and pH of the

sosfution is sdjusted to pH 7 o procipitate e paified pobvmsr, The polymer wag

-

3

collected by filivation over & fristed fonne! and fanlly deed overnight in g vacuum at

30-60°C,

Example 150 Svothesiz of 13% phenvi-hemx madified padvallviandne (BCORM

tvlanune

3

ATl s gnother experiment L phenyb benny! modified polyy

s

was synthesized ss follows, 4.7 of polyadiviandne (PAAY (Nittubo, 150 ki 40%

wiAwh) was placed i a 100 mil round bottran fask and a sobution of 2. 34 of sustiven

e

Bvdroxide 1.2 Bq pey mongner) in 40nd. S50 HROM,2 dimsthoxyethane (BME]}
was added 2t rovm tomiperatre wider mugedio stivving sd By small amounts. 4.

phenvitenzy! ebloride {1g) was then added and the mixture hested nvrnight @ 35°C

for 30 howrs, The reaction was subssquently alfowed 1o cool tu roont temparativs
DIME was semoved snder vacuam st 60T sud the remaining solvent was revnoved

from the precipitated polymer. Tids Iatter was washed with water then stired fn 1M

agpeous AcOH seluton ($0mL} overnight 1o complete the selubilization. The solution

hoby

was subseqeently difited erith Had s Sl volume of 280mi {3

$5

Hopolymer sohution),
potassium dibasie phosphate (PG (1.74g) was added under stirving swd pH ol the

3
ady

fsted to pH 7.8 in order o precipitate the purifiod polymoer, The

L7
e
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by was sollected by filivation swer s fritted el ansd finally doied svernight w
PR 3 ¥

N

vacuum ab 30.80°C.

Example 16 Svnthesizn ol 37% shenyvbhenzyd modified

polvaliviamins (O MEPA A

JOG138Y In ancther experimient, 279% pherybbenzy] medified polyallviamin
was syihesized as follows, 2.8g pobvaildamine (PAAY (Gtobe, 180 kB 40% wiiw}

pas placed B a 100 mL round botfomn Hask and a solution of 3.34g of sodam

monamet) wn Idml S50 Ha, 2 dimethoxyethang (DM

was alded ot room fomperature wder magnetic stiving and o smadl anenads, 4

Abeneyl chloride (1) way sehsoguenly added and the puxture was hogted ol 3
overraght for 20 hours, 'The reaction was subseguently allowed to cool to room
temparatyre, DME was removedt under vaviman at 60-70°C and the remaining solvent
was removed from the precipitated polvioer. This latter was washed with water then
stivved i 1M aqueous AcOH solution (32ml) and stirred overmght o complete the
grdubilizatinn, The solution was sebseguently difuted with HO to a finad volume of

200mL (19 pabymer sodation}, potassium dibasie phosphate (SHPOG (1 g) was

S

addest under stbrring and p¥ of the solation was adjusted to pH 7.8 o pracipatate the

purifled polymer. The polymer was collocted by Gltration sver g fntted HBuwel and
finally dried overrdght in & vacwm ai 35-00°C

Example 17 Clarification of COCF with different polviner concontyaion

U A I an exomplary experime, stimulus responsive pobyoers, desoribed
above in Bxamples 8-16, were ovalodged for lanfiation of OUF, proparation ol wineh

)

in desortbed above in Exa fymer solution from Examples 816 was added

r)«,

i amounts of 0.2, 3% G4 and 0.5 o & Smll samphe of the anclantied cell culture

fhard, The sanyles were puved aof room tumperatire i 2 minutes, Sincs prdvaer

14y
3



npopc, 4-ynmer waa synt hesi zedh, 780507?-;: .ed in a 100 m . nund3. 34g of
sodistmtv 0 rOX 1(1lper nononer)114) ks added atmart WO

2011/ 146390RGI/14&2@11/ 036648 nagnetic stirring and in strakrtusanowsdess Benz)/
chloride (2.30g, 2,09nd.d is then added, stirred for few mnutes at room
t enper at ur e amlidhhehcheat ol oy empd ghtid ats o A, the fO ! 82 shours weithe reaction
is then allowed to coot to roomininperature and the artivent is renoved.
The preci pi tafesdpelymet thstaashed! v th watesishhunast] $.08¢ dfn NI agqueous
Ae01ll solution (40rnt) until conplete solnitilization is aeihieved. The
sol ution is subseguentiiycditut eds Mdd bdRoto paeblinatbevolwmewofe ! Wad, (1%
pol ymer sol uti on), potassium di basic phosphate (K2HL, 04) (3, 48g) is added
untiiiitr atibkiog cenkbs @H ©fviddhepssl utd eRchiaad) ustiesh $0 (HfeQuBsutio
precipitate the nodified polyner. The poiyrrer is collected by filtration

twer a flitted dhunnalanded MRk drBedQWaRRkO H: Rrdinh UYL Bie@Yt ri . 50- 60t .
Exanpl e 23: Synt hesis of berszel nodified pol vvinviam ne (ReviirstA_

00145In a re@{%&@@t@k&,ﬂ&ﬁ u%eﬁ@np ;@wr 2NENZ ¥l B dirkd edenalwonylam ne was

synthesi:ted as fol 329 of Poly(vinylanine) (PVA) hydrochloride (f,,
83500, Ad Pr OOHBK% aaa,n Cmm @@!@d LRGsoh 3\/&4&5:“%@!::&%@&'@9 B 9lags cont ai ner
Add 200md, td: and t 26p 50% NaCOH and ‘stir unti | m xed, Add 23. 5g

bei czyl chI 041 gﬁ:@ﬂ;d»um L@tq?gl;kabrl 6l Ersi. A solid Whl te nmass. separates
from supernatant as the reactl on proglvsses. Allow said to settle and

di scard_ supegnghant by (9eeakLng: cPESSAl XS 0k dalflidRial of 3% Acetic

Aci d over ni ght 60nt O >0 olution is

honogenous, Dilute uptoal , .10 ovvls solution by bringing the total
volune up |a with deioni ) . d t8.tQ.a

COncent ni tl ‘?H%!]]St dr Ohill If\lg]ikbfx \usx%z[% it Vgi»m aﬁa(?gg} "’th??«g‘?}?h \%f ‘O}he pol yner .
Add | M Nad f, ¢ X f __‘*,_riowd n nal, L

precipitati oﬁi“‘gl‘ “éT”’* ”gf ‘ER%} S ﬁg(%“%f‘ sc:}fr %{ KtrE iﬁgt g“tzp% ym%{mf

over ni ght at 7 ltt. .Di ssofg ﬂ afcet\ c Tam un | n\mm w pOOOOs
sobition is Yeharated PR Eider ReVHRKE" W 5&“\& e ﬁil‘ npl e 24; CoNVDM
i sOn of m)dlfled and unmo dlflfd pO*KI“ AN al’lfl %;I an hle} {Qre ence of
MITi $1111t EUPonaia B amme i BRAN f%ﬁé "‘f RO PYdovs e 1% Kt and from
1.34,13:1T COWei 0 an. specnvel v. Potasai Wu h, Vi n. iewas used as
a stinulus ahtl A adqe ““itﬁ“i@“f”%a%"ﬁn?g“ DAL S dhd tl‘fﬁ? tdrbidity

gatesand oet = s
respeciively, To the resulfing sodutiony, §.083g of potassium phosphate dibasie was

sedded in onder to precipilate the polymer-target molecule, vell snd cell debris complex,
The procipitate, in the form of & dispersed solhl susponsion, was mixed contipuously for
five nonntes, The procipiiate was then colloctesd vis contnfugation (30060 rpm for
winuis). The supematant from oach ssople was subsegently fibered Gwough 2 O 2pm

Ingapore® filisr, The resulting purifiontion is desoribed s Table 2

Fxample 19 Clyrification of COF using polvoprs revjmsive fo dithoent levels of
multivalent jon sthautdus

foaiat i another experimont, polymen deseribed in Sxamples 815 were

svatuated for the clarification of COF, veing differant amenunts o nfibvalent ton

53



WO 2011/ 146394PCT/ US2011/ 036648 and t he nodifi edpol yi netS from Exanpl es 10
(J3z-MPAA) . Exanple 22 . (I hNI PET) and Exanple 23.(82M NA) Wre added. to
apt eQus Sowbizon/t4639ar eate a finid pol yi net concentrati onpcofustoidsang ' 0, 4%
by weiln, respectively. '"Potassium hydrogen ph,o.ii.phate. 50m\) USed as. a
stinul us andswasssd Rdaededio, @ty ofr@Alapeky SOF uki-ongoandotrhentley PBisdi ty and
nature 'O the: ausegates | oaned was recorded, The .results are .showii in
Tabl e 4, TabghAsnRokynBEL 280 wREAIME Actt SWhiket €Sk S ibehis dlxiubple Hy dhogen
Phosphate) orld 150 M ISO ni Nd 150 mhl 150 nmM 150 nt Y1 of besanoic
Turbidityl bghbee «Std Mbys: G WmpEQle Bu 2 minutes. Stner pubymer addition

reduced the pH 1o s range of pH 4.5 1o 8.3, the ol of the mixtures were adpsied using
I8 Tris base to pHs of 5.5, 6.5 7.5 and 8.5, rospentively, T the reslting solution, a

tange rom £.031 10 0.043g (30 to T M final phosphate consentration} of patassivn
yhosphate dibasic was added ju ordor to precipitate the polvmer-trget malecule, coll

P

arad coll dubwis complenes. The procipiiaty, i the form of a dispersed &

St 3}35:3355%01‘; K

wis mived contimunmly for fivs mingtes. The precipiiate was sabsequantly collscied

vig ventrifogaiion (4000 rpax for | minute}. The supornstant fvam each sample was

3

then filtered theough g 0.3 on Davapore® filter, The resulting purification is desoribed

Fxsmple 3t Clarifieatin of CCF using » copunanty ssed Hoconbant

R A Ir gmether exparbnent, & conunondy used Hoovuland, olutosan, was asad
for the clarification of CCF, fuy an attempt to genende compantne datt. A polymer
sedustion {2 widh) was ade secseding to the provedure deseribe n Riske, 1l stal,;

fed 1o

P

Jounral of Ristochnology, 128 {20073 813-823, The polymer selution was ad
COF fromy Bxample 7 in varying suwamts soud ) varying pH conditions, Mo stinaidug

was used with this polymer. The resuliing partfication i3 deseribed in Table

Example 21 Evaluation of parity levels Bullowing pracipitation of CCF wing
stimulus responsive polymiers

[O0T43] In a reprosentative expatiment, pobvmurs desoribed i Bvamploes 818
were assaved for BeG recovery uning an affinity Profein A analytical HPLO assay. The
tevel of To(h in sorhtiont was altlermatively msasived using an analytical Prowin A

sotemm. A Foros A20 Protet A cobann (Applied Bloyystorasy was apitibrated with

3+



1.9 5.1 Tuthitlity after
Nat ure of Aggregate atter
turbittitwo0safi4esos Centr
Exanple IS

FRY, sloted with (1M besine

standard corve ¥

Ip(i {Serac

sandant curve, Samyp

BsImg

¢ e, S

after contrifgstion for

Table 2

s created o m}g 3 RCTION A ¥aY

o} Sangies were igjected aud [gG o

2 3 CORINOY wial eovnme-dinksd mnumosorbent aanay

outhport, N, Cyg

3. To sssess the re

Charscterization Diate for Bx

Stimulus (NTH) IQio Xlir '>1000 > 000 >1000 >
Stimulue Ml ky MIky MIKy Laige gregaie;.3
ifuge | (NTH) 348 10(() 9.0 Aebpkisoigibathé PAA)

wed with 68 goanidine HOL An igG

¥ 2 and oleas
st volunes of polyelonal

meenirations determunesd Som the

wlos from Examples 8216 were asaayed host cell pragenis {(HUE)

{ELISAY ot (Cypmes

)

Losamples from Examples 8016 wers

standard pioo greey assay and Hempg sperm DMA ss a
ductton of colls and vell dobria, the nubadiny was measored

boovtinute af G000 rpo

camples 8-16 amd 30,

Polvimer | Multivalamt N Igli 1 HOP DNA
Exasmple Cong, alt Conp, 3,?,;53“{“3,: Reeovery | Rumoval | Remeoval

(with) C T R I (%) (%
5 0.4 76 75 26.7 8 3 25
8 0.6 0 TE 2.8 86 85 43
3 (4.8 63 14 ™ 72 97
8 Lo 82 TE L I T Eh T B
] 4.8 63 8.3 71 @7 25
8 8.8 &2 6.3 &R ]6 & G5
R 3.8 63 33 768 Q9 37
H 84 73 332 83 ag
g 8.6 75 25 as 8% SN
5 0s &2 I 28 &1 = GG

““““““““ g 10 &2 7S I I Y RN

G £.5 62 8.3 73 oo 0 R
g 4.8 a2 8.5 18 58 ST
Q f1.% 82 33 14 §7 %2
! 84 it T8 5.3 34 R 38
iG 04 7 78 48 Q0 G4
) .3 &1 7 S8 2 3 G4
1 1D &2 7.8 1.9 S 21 =4

L2
LM



BzMPEI . Exanp/e (a-All1>VA) 1.5:x.kuul)le 26: MIlky wth Large
Larp.t nodified polyitailmhay. Th5 I 2 7 add and tert-bol vt
WO 2011/146394 PCT/US2011/036648

e 0% a2 5.3 &1 30 K ¥
B Y 51 X 14 S SH
1 R & SR 3§ 35 53 PR
i1 44 T R 124 ¥ 33 3%
11 6 20 TN 2 a1 3
T §68 7.8 478 g3 56
i1 X0 a2 7% RER ) 3%
— - = > T — . -

s
pey
TH
o
[y
fog
LY
L
A
e’

i 8.8 62 .8 212 38 97
13 0 7.5 1 & P = UG
............ IS

12 62 TE 15 £ I 99
i3 b & 35 1.3 B G G
el &8 62 8.5 P4 33 &3 = R4
12 &2 6.5 L 7 3 >9R
12 R 62 L& 14 93 7 R
12 L& N 7.8 LT 81 s e
12 0.6 50 .5 11 K7 S0 SRS
3 i W TV TR Ga

3 0.4 K 75 2.3 55 73 93

13 4.6 7 35 P8 1 B

13 9.8 &2 T3 24 81 w38
- —— o 53 i T8
13 i a2 8.5 1.3 6 &7 - Q%
. e R - i e R - e _—
S R fid 5.3 1.3 R Gi3

L

‘]
]
(4]
e s
S

HE 1.4 A 65 31 10 a4 oG
i3 .4 56 33 RN 59 T +U9
1d 5.4 34 &8 41 w59
i 8.6 7.8 ‘ 48 N - GG
4 D& 73 3 7 24 > 99
¥ 1o 75 4.3 22 N7 TR
14 0% 8.8 2.8 &1 92 1 wn9u
14 (.8 2 65 17 2 G7 U




ffl1C, 4- 13uMPAAI 0014813,49 g ol6bronphexanoic acid was dissolved in a
solution ciailpfisilT, 10 M of 40 Wl % | inear polyner polyi:aliyiamne)(159
. kda, N T™WODRaD)14639d 30 nil sodi um hydroxide (1M, The npkiTrwseomasssaeact ed

M 18 brs T=SO<C. and the product was precipitated as a hydrated gel, The

precipi tate wasadi ssol ved in 100 gl m i 3.5t hi uim hycroxwde sol u%til on andﬁ 1 xed
V\A. th 10 M pet llqulul L,UII(; gu At g2 ﬂfé i Ofv t ea-{:_,\_i_jt yi Ot Xbl uyi C;}IICI : T'L(}é(':
mi xture was subSequently reacted Tor 18 bia at._Th.50T. The polymer sol ution
was purified byi»«eext ensiye dial ysws (3 days) agai nst defoniized; Dii) water
using 35 kda-myecui-ar-yweight—cutgfftdiglysis;tubiing: ;e fing <o _
concentrati on_of [001491600. ni...rtiNc.i.SethQ. solution. t-,"86, The the_s.thin
was e: O sodi un €hl onde & additioto to s0dit Ahich t* Exanpl@ 2,6 wdg
added sodi umgkoridsa; i FinalpHsacid; cismo 3Maceticiand thei';;'\'/\'/r"bdﬁ'y"i‘;éf """
in. As depicted in Figuth.3,.by.addi.ng.phosphate,. ia- changen@\s Syi——}pHe
. L% % +e Iak :

28: hq'ifleation of f Sit the polymer I1{ t- Bt MPAA at “di ffierent ol vier CUR
unittic “100%Terinicrat, -tiflad(2eliY¥s 24 &7 91 = 99

0.8 62 RS 33 - 160 77 )

;U i Ry S i 4 <7 &7 2%

& #.8 & 33 24 & o0 U

- - S s 3 o % -

‘f; R i 6.5 &3 1333 3 > UG

1% .4 30 5% iR 00 &3 29

& 8.4 G 3 84 BS i 49

16 0. T 78 55 34 43 29

i &8 & 3 8.7 1 83 A

16 {02 &2 b S RE &7 24 G

5 &.8 &3 LI 8.1 o 3 84 Y

16 0¥ &2 6.3 5.8 K 4 89

i .8 O 3.5 4.3 54 8 SV

1 16 50 7.8 2 B &t » R

16 LA 4 .2 4} Ret] G2 fatel

16 1.4 50 3.8 Th 83 8 Q%

5 — : - e i 5 @

3 {8 & 3 54

26 a8 & 30 24

24 {8 & 62 Q&

Example 32 Svnthesis of benevl wodified polyvetlivienshuing (ReMPBE

OO A4 In another superiment, a benyl sustified polvethyionsindne sthoutus
responaive polymer was syuthesized as follvws, 10y PEU{ANroh, 750 kD 30%;
wiiwi) is phaed ina 10 mL round bottern sk and @ solution of ~ 3. 34g of sodiim

fvdroxide (1.2 B, poy monorser} in 25mb HiO v added st room tempersture unday

>



cording to The present invention s lot le 26 was added to 5ral Exalt:* 1 cO
itunrg 25 tn\l , odnnn phost $ Mazetic acid, After the addition of the pol yt
or 514 piwofwtwissisne ted to pH 107 using sr.. is 7.2 uscomgis3Niaseus c aci d,
thereby precipitathig the polynerl.1 51lsuspension was | musty tot another

5 /1nn. eci pt habRuvas ithem sekkeehedubyreemtariokit: (4QQ0: thm fionSuahia, ti . 2
pi) Dun fitter. Regard] ess of | bof the po:the prec Synth' ne (PVA) stinmulus

responswt  pCliehQde £00kndd Q1M % pCalENON hGRRAAL oviLb Sy ORI MY ad
frolt-1 a nonoi net asof & onized water and;:>stSlc MA. ALDRICtL 8% was

|.-Hanoi in 8,20 the ressiion is Wbk @&Km&hemk\a%ﬁqump‘sﬁtw dhoa sagnetic
stirrer and a NI.; d|1 stlck The sol ution was stir.red and purged. with N2

for 0,5 hour g, toli oMeuy. [ Qqda ;»ﬁ(wa Ly QUELnAN. i Lt onale §i:004 kil dsat or

sol ution. was prepared by aﬁal &sg oi.idnouto panedthyctrochlortck
GABALH (Al dr kgl Lo d Gonvatel a{;sc! . fl%&(ﬂﬁﬁ@-oﬂ% &%@50 %Q,ngﬁiml\? isf  ask the
tnrhator sol Ution was added under Nzatroosnhere. | .eared

subsospuently diluted with Ha( to o finad volome of 400t (1% polymer solation,
potssshum dibasic phosphate (s HEO4) {348} is ndded undor stbring and pH oftie
sohution i3 adasted o pH 6 ¥ 1w precipifate the modified polymer. The polymer is
sollected by filtvation over 2 fitted finnel and finadly deied ovemiglt In a vacuant oven
s SR

g

Exangde 2% Synthesis of benayl modified polvvinviaming (BeMEPVA)

HESE I a representtive exangle, a bovzet modified podyvinylanune was
syrthestzed as fisllows, 32g of Poby(vinghanine} (PVAY bydrochionde (MW B3, 3040,

Alr Froducts and Cheososde Ing.) was welghed fnfo o glass contater. Add 20mi B0
and add 26g 509 NaOH and sty amil well mixed. Add 23 3y benzyl ohbwride and mix
at OO S 18hes. A sold white mass separates from supernatant us the reaction
rrogresses. Allow solid 1o settle and discard supernatag by deeanting. Dissadve sudid

i 330mL of 3% Acotic Acid overnight. Add 3atmL of Hh() and aix for Folrs watl
soltin is homogenous, Dihste up to 3 196 wiv sslution by bringing the total volame
ap to 320 with detonized (T HaDL Add sodivm phosphat to 3 conceniation of
M in seder 1o Dnitiate precipiation of the polymer. Add 1M NaOH wrescha pil of
5.8, provuling sdditioral polvimer precipitation. Filser to dvy seke and diseard
supernatant, Divy solid overnight st T, Divolve in 3% seetic actd unnil g

homsgenous solution s generted b order o make & 5% wiv solation,
Example 3 Comparison o modified and snmedilied polymer in clarilication
i presence of stinndue

ARRARARRN
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determ ned by Brookfield ViscosityVisoconeter isotthig | torque. spindle

434): The. viscosit of the tes. ...a.nsidrre.d to. a 500
ni, Il amlo2011gi46d94sC% Na. 011 was added [ 001531A . smal | peangsk@ 1@ 48 est ed
."0 "2 nolar sod:|lam phosphate to | nnen was 2. 7%$450 centi poi se adWth
330 .111.1., 3.471110 s1) nd oh wing a white solid. precipio solution
upr.n addltlon of t he phos hai e. _i aon, the rol yi Ml pol vni erm s added

di ui UI | a pliFesitiari a PRFRIEERETs) \“f rfm“;‘mﬁg PUEOH WSREREd pol ymer

Ns, SObNﬂ by addition of i in 7. The partially powder and further
dried i derdicpgts | Hd§b?$iéh‘véSﬁ%HfBb?&ﬁﬁ?mmH§MHWﬁ%didVérmﬁlght in
frozen wth I|qU|d onrogen and ground to a fine )yen at 65 tThr and

. di ssoi vedr ertigsrserepitipng! FRAT and Bride AtFst TPy Passum bydrogen

phosphats was vead as » staulay and way added 1o the polymer schtions of PAA and
Example 10 o varvimg mwounts and the erbidity and swiure of the aggregates {oymed
was revorded, The results are shwewn i Table 3 below,

Tahie 3

Stimulus gt g . .
: . ¥ e Purbidity Nature of
Folymer M Potascins Hydragen crcngeg v e
’ Phasphate} (N1 Aggregme
2.4 2.1
4.7 3
.33 e
187 4312
173 182
AA 73 e P 0 DEGEL
2 ’\ A 138 T : §}g s
24 i Chrar (No A
4.3 2 Clear (Ko Aggd
“i%z\i‘}‘ 4 \ y Q.33 4 Cloar (Mo 2
3 !
Exrapde 18 G ] N ,
] i\;;’:\ A} I 2 Cloar {Nn gy
3
5 For \Q 1 . . “ - s .
ii% ;3;?}:& ; {, 373 A Cloar (Mo Aggl
& \
o 5 338 Lange Aggrosaies
1540 I3 Latrge Aggmeg

Example 3% Comparison of modified and ynnpadified polvmer o slavifioation s
presence of 3 wimulus

[0 1aT] Unowdified polvimery polvallyandne {PAA, Mittobo, 130 kI 403
wifwt), polvethylencimine (FEL Aldeioh, T30RD; 30% widw ), pobyviny! s

{Poly(vinvlamine) (PVAY hydvochlorids, MW E3,508, A Products snd Chemicnls Ino}



Anh: beets proeteet. Figure 4 Snit LIELItNe series of hydritpb i

responsi ve polyners ed puts's' n ylnnine the PVA synt hesized from

i mul i rc.wpaniiyMesspol ymers were pbaduced as bpk 29 waselcraseaahsashis t hr ee
500 mit, &gas of the three jarSA4 nolar NaO.1l1l was toptnoio each jar as a
cosol vent anghd the Sodidked doidbed frvantch 2Q%ks g0 off -8 el BOwinlG2 darireniail s i deal
- 500 nil, with dcioniied water, udustng the pHto 8 with 25% HO, and

ddi gKS$i ost adiumgit tpaphates; Jdpksnd addi dg@eOkoilnG phasphate gaghpi tate was
col I ected vua vacuum filtration. The solid from each reaction was

i ndi vi dual | y. washed.vhtdndelosiinedvcigh, rospectively, Prassium hydrogen

phasphste (133} wis yend as # stimuloy and wis added to vach of (4% polymer
sordutions and the turbidity and nature of the aregates fomed was reoorded, The
reaniis are showy i Tabls 4.

Table d

Stimulug Tarbidity | Torbidily Msdurs of Trrbidity
Folvines {Fatasshun hefurs alter Azgregate after
PRI Hydrogen Stimsuluy | Stimehs aftey entrifuge
Phosphate} {NTED TN Siimuluy Sy
PAA 150 mM a1 148
Pl P30 M 2.5 = 1D
PYA 150 M {45 233
* sampie § . .
" ’i}ﬁﬂ PR oM 15 9.6
""" So TR
. ‘ > OLEHMY
sxavnple 18 e - -
‘§“.‘\ N ;i: 1SS0 M 5. Rk
{BzMPED
C Exanale 19 . > 1O .
Fxample 19 150 mM 12 ’ 12,

MPVAY

Example 26 Svathesb of hexannde aobl aud tert-bayd modified palvaliviaming

AN

{HO--BuaMPAAY

[OO148) 349 g of S-branohexanoty sold was dissolved i a solution oovoprizing

13 ol ol 40wt Haew polymer pobvialiviavaime ¥ 150 kda, NYUTOBO and 30 mi

srrcium bydroxide (EM3, The mixtire was reacted S 18 ts at T=307°C and the produst

3
was precipitated as 2 hvdvated el The precipitaie was shssolved 1n 100 miml ithiam

wdroxide sobution and mixed with 10 mi methana! cinstaiiung 2.5 ou of tert-batyd

1.

pivetdyl sther, The mixtme was subsequently rosoted for 18 fve at T=3C, The

seatnst defontred (35

el

polynier solution was purified by extensive dialysis {2 days

water wsing 3.8 kda modesular weight outoff dialysts tubing. The finsl concenyation of



wat er pol ar Acetic Acid. 'The polyner was fattier purified by arliuttting h
"oluprceipitatir opyl alcohol. and drying in a sac Jays Each sanph of
(100cr povpmeri/me®4frozen’ ' tr n at owdet.'rho :nmass ofpcurnisea 1ps&ds was od
3, respectively, the individual pohnen' 1" dissollt k acd rCLi Mfi Si Ve

ni )l nner 100&5;1;} _&eenatalheﬁwexemb ary s@X RSk MRl ghthesis rexaBnpnepaned as

fol | ows, Tiler glass jar 40 of p& /(N vitpirlatf<iflki:Vvecl. 1'.

f4, OdC](Da Wa§vi£L{ ssigkved into 0.8 liter of QG onized water ri ng for
16 hours, to thIS ohttion 140 p of c,on entrated MCI was addei with

conti nuohourJ ar' wiclF, lightly capped and th;:1: solution heated to 99T
for 5 days withlinen', rotatlon to nx. the _soI utlon After 5 days of
ilealint:, 1, Expopiedds Hlcgi godiy '. £ puitinsload sy ¥eghe adiusted to
4The sol ution was a j uSgxEap ‘ Vapodifedrpelyalivispuingiligitous
stirringhydrol yzed pro&gti: R T Bf 2 rml ar SOdI um phovi nue
until no co Il p ecipitate was WashedCI s, 'ater. The recovered pol yneroven

at 65 t The{i}guﬁ'ﬁ% d pontgs e e BudBra Bom Example 36 was addad fo Wl of 23

b B

mM Sodiwn phosphiate contatndng 8, 6,15 or .5 M sodinm chlonde, Pival pl of (e
solution was 116, The sohution was tiraied with 38 avetic acld, and the subndity of
the solation was recoeded after cach additione. As depiotosd in Figure 3, by adding
sodimn chlonde v addition to sodbnn phosphate, 8 change n pH responsivenass, at

which the phase transilion ocnurs, was observed,

Example 38 Clarification of CCF wing the polvmzr HOGCHBaMPAA st different
polviner concentratinng

{0150 i & reproventative soperimag, vaslanified CCF was olavifiod using a

potymer avcording o the proscut invertion ay follows. 17€, 338, or 534 gl of HOw-

HuMPAA from Bxample 38 was added to Smi of en-clarified cudt onhiore thad from
Fxgnple 1 ooteidng 28 mM sodium phosphate and mstjusted to pH 8.7 asing fosf

Idincetic aoid, Adter the addition of the polymwr, fingd pH of the solution was titrated

o 7.2 using 30 seetic acld, thereby precipitating the polymer-cells complex.

RELHRS The precipiiaie, in the fomy of & dispersed soltid suspension, wis suxad
continously for another 5 min. The precipiate wis then collected by cenirtfugabon
(000 rpoe for § nsind and the supereatant sas Hilored thoough & 8.2 Durapore®
filter, Regardiess of the concentratisn of the podymsr nsad, the process resuled ww HHE
Riabh rocovery,

Exasmpde 2% Svnthesis of pobyvinvismine (PY A} stimudus responsive polvmey

&l



O material nt ngen and glopin< .:Mj the on was nade ' d :ion was tAi near
hor popol ynnA' tt drop wise add :ion of 2 nolar sodi um phosphat Sanof botb

t he staThwg omtae3outd and. the resuitnig hy f phosphat epartis2ei0nsseuhi | e t he
sol . of hosphate the starla] s notts' eittate), while the very h described
in this Exanple, is respoashv@eto a ininnultival ent anion such as or

AR AR ARARN AN

citrate), 1 91.Figure 5 &pints a process 0 eprotat ion of [hereby restil hng
in the tonnatresponsivey ylam ne PVA obi "pro ki, ;:ted 4, 06(

vi nvi acct andgj:dimeal pl ¢, a@dddbydpophabheant kyresponsicye: polyneniswas prepared
as follows. 00161 1100 g of a 2% solution vinylacota aide) wi in aglass-

primary antines was syathesized from 8 monomer as foflows. 183 g of deforszed water

and 22,5 g of NovinyHormamide (NVFSIGMA-ALDRICH, 98%0} was placed na 250

el ressnnd hattom Hisk, The flask was sipnpped with g magnetie sttvrer and a Ny

dipstivk. The solution was stirved and prrgad with Ko for 05 huanwrs followsd by besting

Ly 4% 0 over ot adiditional 0.5 hows with conthuious purging. Initiator solation was

preparsd by adding 0288g of 237 Asodds{ 2 anidinopnganedibydrochloride {ARAT)

{Aldrich) to 10 mb of dejouized water and dissedved. T the 250 mi rovnd hattom

flask the mithstor solution was added under Ny atmosphere, The solubon was bugled at
5590 for { heaer, followed by heating ot 65 °C for 3 hours, further followed by beating
5275 °C for 1 bour with vigorous stirting snder nifrogen. A vigcous, homogenous
sofutiont was ohiained and allowed 1o cool to room temparatars. The viscosity was
determingd by Brookfield Viscosity DVWIT Prs Visocometer (seiting 10 RPM, 48%
torque, spindle #3441 The viscosity of the rosulting seletion was 278330 centiposse

XY +

{ePy The saltion was transforrad to o 300 mi fask snd dileted with 330 val of Hab

s

and 40 g of 0% NaOH was sdded with stiring. The solution was heated at 85 °C for X
hours,
{00153 A sraall sample was tosted for sepsttivity to a phosphate stinnslus by

adding & drop of 2 molar ssalivnt phosphate o the hydrebyzed polymer mud obssrving

white solid precipiiate from the ssdution apon addition ol the }:ﬁm\pha& ion. To the
fordrofyred polvmer solution, 353% HOT was added drop wisg, untif o pH ol around 2
was reached, The solution was stirred vigorousty overnightand s bomoganous yvellow

sebuttons was obtained, To thet solution, T ad. of 3 modar NafUH¥ was added with

¥

stirring along with 300 mi bhoprspy! aloshed. Thy pehvmsr wis isolated by addition o

pral
2



added nH to approxinmatelyl7, jar as u co-solve k poly(N 100 gi;

Aal ....N2(.11-1. was of -proprin:Adeed to the ide was added nd the jar was
ea Ue.|Ovbaoande®ubsequent!|y eol |l ecied. The result POrars26i0@Baens dt r at
phosphate or cnraft polymer was repi [00162/ Exanple. 5% polyn3cr soint.

i v obsend, timirehyr i Adiseq BURCIARRR: 2:8 t5d QU d8x GG eNBl anOkasthe synt hesi s
proei s described it [001631l n ano tercopoiy.nHx was prcparc which had

one of |he RQE}O\EL%!;Q:am‘{@”n@&oi@@%@% B Shi] bMA R EORLNS8HinOlveh kRS Ui ts
cont ai ni ng prllnethfo ows, 90 g of 2,5 g of Span435. (SIGwW), 16 g of N

i nyi t bnnar ni-ge 4Nk, Whrttsdly dry polvies was froven with Hguid nitrogen and groumd o a fine

powsder and forthor dried i a vasuem vven 8t 6370 i 24 hows, Finally, $0.7 gofa

dry powdsr wis recsvered wnd dasolved dn 1 molar acktis actd i » finsl concentration

{061 341 Anovervisw of the pelyvinylaming synthesis provess is depisted 1
Figure 4,

Example 3 Syathess of 3 sevies of bvdrophobically modified pobvvinylaming
PV AL stimudi responsive polviners

0185 {iaing the PVA svathesized fon Example 29, theee separate
fvdrophehically modified simali respnsive polymers were produced as follows, Hil

o
K

mi. of the 3% PVA sohution from Exsmple 29 way placed i oseh of three 5300 mi glass

jars sl Wobeled Jars 1, 3, and 3. Vo each of the three jars, MM g of 4 molar NaDH was

added with stiming. Next, 38 g of proparel was sdded to each jar as a oo-soly
th xohuttons were stirred, folhmed by the sddiion of 878 g 17 g and 294 gaf

honey! chioride g dars 1, 3, and 3, respectively, The three jary wers homsed at 80 7C for

seodated Fromy the madividual reacthion

w

10 hwars, The resulting pobymers ware saed)
solutions by bringing the vohane of the reacton sohution W 300 ml with detonteed

HOL and adding 18 g of 2 molar sediom

watsr, adpiating the pHio 8 with 2

pheaphate, Upon addition of the phosphate tor, # solid precipitute was collected via

Fa
1

vasuure Slratim The solid from each reaction was individually wanhed with detonized

veater and desolved into 300 mb of 1 wolar acetic gokd, The polvner was fustlier
purified by adjusting the individual solotions to pH 74, prociptiating the podmer with

drop wise addition of 2 medar sodiun phosphate, Shering the resulting solids, washing

fog
Lot



butyl vioylethu (Skilhit A), and 30 g ct JicinrdS a n d water,and wer
drie-Ncfo days<drdrys was nmade by db.; vingnowde :',) round botnn fl ask,
The fl askwooaguspped w th mai ns di psnek. The sof red ane#cpusgedm3ecchor

i ueuasd to 55C. WD 2011/146394 (00 651Iltunator solution was pre

ani di nopr opagy, kdlg GABALLY, biMved BETANS20HM 036648108 hydnddieg.s50:. 0 g of
tghd to the 250 tilL round bottomllas Kk ging. This suited in a two

; Those s Aty S@%r\dﬁ%c% QPie@i iqua@arméﬁ\{l\\lh‘!\ﬁgd :Waﬁ addedich Badh@Uisi ot he i d
i:th))..ved to ccrrporature The volune: |le prod

a Fve powder, The mesas of deled polvmer recovered was 144, 212, and 247 ¢ Sw jare

12, and 3, respectively. The ubividual polyvmeny were sach dlssolved to wake & 2%

b3

sofution in molar acetie send,

Exsmple 3% Deprotection ol smines vig hydrodyvsis of 3 very high molecular

A

waight . -
polviN-vinviacetamidel to prwfuce a pelvvipvigmine (PYA) stinli
responsive paiviper

06156} I another exemplary axperimnt, 3 very high nwdenular weight

stimnulys responsive polymer was prepared sy follines, Very high moleasdar weighn
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polymer gonerally refios 8 polymer having s woolesular weight e
FOMERK D

{0137 & wtimull responsive polvisr comprised of repeat units contaivang
primary amines was preparad as follows, Ina 2 fiter glass jar 40 g of polviN-

vinviscetarmide)-linear homopolymer (POLY SCTENCES, INC. with an average

medecudar waight of 4,060 kDa was dissobved into 0.8 Hier of dewnized water by

sigorous stivving for 16 hours, To this solution, 146 g of voncentmted HOT was added
with contineous stirving over 1l The jar was Hghaly capped and the solation was

Yy

heated fo 96°C for 8 days with fermdtiont rotation 1o nux the solation. ABer § days of
henting, the solodon was allowsd 1o cool to room temperatars snd the otal volume was
scdjusted o 4 Hers with defonized watsr, The sobution was sdjustest to pH 7 with 8
molar N with vigorous stiving. The foedvolyzed product was pracipitated with
drap wise additton of 2 molar sodiwn phosphate wndt] no further precipiiate was

ghssrved. The white precipiiate way washed with detruzed water and pressad to

- 2 2 o Qe
remove excoss water, The recovered polvisr was dued in & vacuwn oven at 65 °C for



addition of 2 rnotar sodi um phosphate,in a 'forge white precipitate. The "
was col | ected by decansupernatant and the precipitate was sa in isolated
pol yner wwae 2disedeadi n 5t)ti to C S to a nuittyal ent i oRCT/USROM0BEG4DY
dropddith of nolar sodium or 0.2 nmolar FAX 3313 citrate to

Snl .. Sal npl esg0f 9rbBistpoRaly nRE feeASHGATRUIRRAd. hetts shgerved. the
|nd|cat|ng that the pet>arial.O Figure 7.dc.piets a sch This exanple

denonst r at es\.LQROHWIRLLLrGQREhS: wdsSizhat gath sxanpl 8. Al roki:kabi.g weono - nt
ion 14. A antril 34ery high neitem ar wei ght p0|n|nV|aI(PVAI rtiti 167A

StinMIS T eSp@ea$hBer R0 HIBE: LOMUASEH cQRTBPL The RELIRS S1ANLNRS WaS
synt hesi zed from a nmononmer bibs qO0 ii ofe Span1r5 (SIC%#» I

gi nyl f or mam de. LN, del:aniaedet Wi ier RhasRd:hr aky ROLLE Wk a magneti c
stirrer and a N dinsdck, The solution was sthred and purur lour as the ten

pennun was ijnem §R~%Js%v§5-{mzmﬂ! 4 pﬁ&?fgaég é!&%*@ﬂ;dé\@§ adding..20s gy 0f 2,2

Azdbls{Zanldln r opane. dei oni zed water and di ssoi Vi nu. The

i ni tiator \ngt ‘89'3 MBFoe Q%Qi@zd\a'i zvé Q@; néﬁQ oé"é}”um{ili %”9339101*& AMmef doask

contalnlng t achon sol ution nud here. The sol ution was heat ed 60

tfrours. tQLLO b, b gwfﬂakh@% imv;\\«Zaﬂﬁ‘cwaiz%%w 4L, ith

conti nuous n| , Sol Utl ‘on test th a Vi SCO4d | ave ton

the o nom él‘% top l%z&i‘ isuw Ty mi\ w%@{»g P Pre Qﬁtr OQQ\‘thI\E ksa‘ngf ddeda s
and 4g. g. of

sededition of phosphate o oitrate tony while the sohition of starting material had no
precipitate upon drap wise addition of phosphate of oltrate {ons, thereby indivating that
the starting material i not reaponsive iz stmohs {o.g., 3 multivalont anion sasluas
vhioaphate or eitrated, while the very high mudecular weight polymer synthesized, #s
desortbed in Giis Example, ¥ rosfrasive to o stinnddos (g, 1 mupltivalad antm such as
phoaphate or eitrate}.
{38 Flaure § depiots s pravess for depradestion of polyamine polyaw,
ihorehy resulting inthe formation of a shimutus mesponeive Folyvimvlamine (PV AL
Exampie 32: Syathesis of 2 hvdrophobically modified pobvvinviaming (IPY A

sthmnll respunsive polvier based on a deprafected podvil-
vinviacelandel

ARARANANARARS

[O0IsH Liaing the PVA obtamed from deprotected 4,068 kla podyidN-

vinslacetamide)-Hnear hovsopobener froan Exarapls 31 g very high sdenuday wed
hydrophobivally modified stinndi responsive polymer was peparad as follows,
{0161} 100 oo 2% sohution of deprotected 4 8K kBa poly{l-
viyheetanddey was placed in g glass ar. To the glass jar, 100 g of 4 moby MaliN wis
addedd s sdiust to pH o approsimately 130 Next, 20 g of Lpropanad wis added 1o the

jar as a oesohvent. Finally, G538 g of beasy! ehlovide was sdded and the jar was oapped.

&5



vigorous surrng, The mrreated to, SOT for 16 boors, After 16 hours the

sol utwu wastefl owed to cool to roomtenperature. The volunme was increased
to 1 1. vwOhlodeissssuzed VKiiin" The product was i sol at edproy/useap/os&as
addition of 2 rnohn' sodi um phosphate taNsu tri precpntate, The precipitate
was col | ect ethebyscdes ant haagdtsh8 Super natantiandatheshaingciiicpdateosmbs washed
wi th dnorr boons andxai dried in a vacuum oven at 65 (512 tbr $ days, the
dry n'de.r was:ii2d oBxigh 1280c8@bailil 0 13iperatls and the padudi Rvsk sopibopyd «ak cohol  or
2 The resuitinr solid mass was docd pol yner was frozen with |iquid ingthaSs
O [00 Syntheshshl @bghtediydriephobiigablnmdifdeare pobwyi-hviifus siesponsi ve
pol ymer Using a sol uti on of Lnpam m 9095 (I i near poly-yin: Am n& average 20
% solids. plgd; Biolhapt LogepRdichiedaatdnubus ik eSpARsiNaVaSsPr gduced as
follows, 300 g of Luamin al lely 60 g of polyvinyhimne was added to a 2

hter glass jaks iNexty 9i0f «wNaQR:9 Y sincfondiel pahzeth Vet ef: Ve Righssol ved and
added to the ja this was followed by the additimSIGW) as a eo-- sol vent

and tee sol O%\M&&@Mp@iy NNt Lo HOR0AE RAUSYy NeXtuingd il 488 B«Q8NEGI1 chl ori de
( ACROS ORGANI 99% was:b" on Jar with :1;11.rtal L1, sol ution as heated

to 60" C forgx x%iz?&' EJ;I QQ\}\T Pﬂ]bﬁﬁﬁw‘?{ﬁgﬁy\gw: \9%@9&59 fetolal R ST} xtQ‘Wn ten
.1Tal ate atetra étoa iter beaker

multivalent fon stinnddus by drop wise addition of 2 molar sodivm phosphbate oy 0.3
maolar sochiurn giivate o Sl samples of 0.5% polymer sulutions. Upon addigon of the
phasphite or oltrate fony 3 white precipitate is obseryved, theveby tndicating that the
polymer was respousive (o 8 multivalm anion stinadus.,

REEHS Figure 6 provides 2 schematic of the symbesis process deseribed f thas
Frsonple.

Fxample 33 Syuthesis of 2 stimulus vespousive vinvisineg { vinvibutyvietier
vopalvmer (VAo VBEY

0163} {1 another experiment, a stinndus responsive copolymer was praparad,

%

which had ong of the stumomenie unity ncladed s hydrophobic group,

{0 edd A stivnudes msponsive polymaer comprised of vepeat units containing
primary wnines and Instylether was syathestzed fom monowers as follows, Mg of
ootane, 2.5 2 of Span-85 (SIGMA), 16 gof MNeviy Hormamide (NVEYALDRICH,
OR34), § g of N-bugylvinylether (RIGMA), and 30 g of detonized water was plaved i a
250wl rowrsd bostont Hask. The Hask was squipped with 3 magaetis starer and a ¥

dipatick, The solution was stivred and puarged with Mz for | howr a8 the temperatirs was

mernsased o §5°C

&6



hod water uwl in nolar sodium 1001691The pol yner was was di ssolved in
2..litet of nolarbrought to 10 lil:ers with deioniae s added with stun

ci pitat edwoiohyapma: er purified by the folio icac id wpetch/ushetitoBesgs ft or
and the ii isadjuste Hwas a insted to 5 00 ot 250 rnL 2 The i1 drop wate
addi tion of HA%MH. Thesphodughs SkDuSppbesl Pliat@cic Wity addiitponCd sodi um
phosphat e. e solid was isolated via eacuant filtration and washat cyj

dei oni zed val&h;;IRe GRSl D0l L ARSI RS HE 1:8d D cRINAGUURT ey
PCT/U82011/036648 e eau-king mass of the dry powder was 46 g, A snal

-, COCO | 020,,a¢4dand- %\Nw&ﬁpﬁ%f & W Barpeg N8 5dd s \NNLRapeaks nuer e
i ntegrated, and the u- of enzyl i nodut eati on was detennined to be 1&

Exanpl e 36 2002,iSf@L 8. A8 kA oktion undes nitrogen purged stmssphers. The sobutism was
hosted &t 35°C fur 1 bour, followsd by heating at 80°C fin 1 hour, further follveed by
heating b 70°C for | howr sod followed by heating at 807°C fir 1 e, with vigorous

stirring with contingous mivogen puarging. This resulted i a twa phase solution with g

viscous gel laver on the bottm. The top layer was decanted st discarded. To the

bottom layer, M ml of dolonized water was added and 20 g of 30% XaOR was added

with vigorous stiing. The solution was hested at 80 °C for § hours, After § hours, the

solution was rernoved from heat and alfowed W cond to rovrn Seraperaturs, The volume
was increassd 0 2 Lowith deternzsd water, The produet was solated by dropwise

addition of 2 melay sodhen phosphate, resulting s bargs white precipiiate. The
precipiale was collected by decanting the sepernatant soul the precipitiie was washed
with dedonized water, The solated polyvmer was dissobved in S0 ml detssized waler,
H g acetio aoid, and 3 g concentrated HOL The resulting sohution was tusted for
sensitivity to a nudibvalont jon stimdus by drop wise additton of 3 molar sodiam
phosphate or .2 molar sashium oiitate Yo Srok samples of 0.5% polvar solutions,
Upon addition of the phosphate or citrats Jons a white procipiiate was sheerved, thereby
indicating that the pabomer was responsive o 2 maltivalent anton stinudos,

1601066} Figure 7 depiets a schematio of the reaction desoribed m this Exampde,
This sxampde demonstoates that copolymers conlaining an armne o eharged
functionality copolvinerized with a hydrophobio monomer ace responsive fn a

mutivalay oo stindus

Example 34 Bvathesis of very high moleonlar weight polvvinviamine (FY A}
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d polvail siam or based stiail dus easpoli 1001701lin an exenpl ar): ated
that a described. herein 'could be nmanufactureda In Using a sol ution

1Pol yal | ywoi2oer/146%4. , Nl Tf OBO, 150 | cD ati nul us r esponsiPCE/Used 1y aBsc4svas
.prodn p of ktlyet.NTriono., 150 leD;tt Iv "00 ..t"'pohadd).te 4 liter glass
. jar. Next o 1 et tcRKundk s€&r@akzepeivatelremeentl naddedr tio ithexg ar Fol | owed
by the addition qfu@R9 ndi met hoxyet ht uco- sot vent ol ution was
stirred v:goronsdv untddvaleemmii@nens. Neat bemtyl chloride (ACROS ORGANI CS,
99%t. was added to the reaction jar. The solution sva heated at 60 (1-;
for 16 Mora mmkirimagnetd g a&w{@@msmmw@ﬁatnla{@w andkpat el deb@iid@er t  t ool
72] Next. 1000 nl of deionized wa 501 flea " S :3Row cd with

Si,rtteipitl ﬁﬂu@ aHined 08s PROAMGLS ;W@ﬁaﬁﬂéﬁ:&ﬂﬂ&ﬂ:\&@ﬁhm‘ﬂedomi e S OMGE ', 101*
sodi um phosphate and t pol'yner was fart

Spun-XS (REGMAL 16 g of NevinyHormunide (VEFALDRITH, $8%), and 30 gof

detonized water was placed in g 280 mi roond bottom k. The fask was egquipped
with 3 magnetis stirrer and a My dipatick. The solotion was stired and purged with )
for 1 hour as the tompenure was inereassd to S8 Inftiatne sohution was prepared by
adding .24 ¢ of 2,7 Avohis-amidivopropane dibydrochionide (ABAF) (ALDRICH)
{0 20wl of detonized water snd dissolving. The infiator solution was charged fo the
230 mL vund bontom fask containing the reaction sohution under nitrogen purged

D

atmosphere, The sohtion was hemted fo 60710 fio 2 hours, followed by hasting ta 7370
for 1 hour with vigorous stiming with continuous nifrogen purghng. & two pase
solstivn resuls with g viscoae gel laver on the buttom. The o laver ix seonnted and
discarded. To the bottonn Jayer 300 mi of delonived water iy added and 48 g of 50%
HaOH i added with vigorous sirring. The sofution was hemted to 80°C for 16 howss,
After 16 hows the solution was removedt from heat and alfowead o cool o room
temperatrs, The volone win inorsased (0 1 Lowith detonized seater. The product was
ixolated by drop wise addition of 3 nwdar sodium phosphate resalting i w hoge whte
precipite. The precipitats way collected by devanting the supsroatant ul the
precipitate was washed with detonized water and suaked i isopropyt slochol for 2
hours and Hnslly washed agads with detonized water, The resulting solid mass was
driesd in a vacnen oven af 83 °C for 3 days. The dried polymer was froven wath ligud
nitrogen and groend to & Hne powder and furthsr driad for 1 day. The resulting mass of

$

the dry powdsr wies 218 g A 2% sodation was made by sHssobving the dried powder

5%

8%



of | nolar acetic acid alid was col |l ectedwashed 1w the cot hwi ng net hod. The
The total yoluene was brought to 10 liters with deionized tt(hosted to 7
wi U t dropodbii/@eddaafi. The ,r duet was j! KOETUf I (i ] ou; PB@AISRG11/08d648

scydi ui n phosnh. ate and di ed' Was col | ected and washed pol yner was evendi e/
purified by fhe! hold emtingretdadi:t he st rthoag sdi:8&ok veeandt i deakuitiaci d

w t hwasught to O liters with.ad water and the pH(A to 7 wth drop WAC

addi tion of BO&SkivNaQ Lk stk PF @ipNChe WRISIROEC T sRitirsbEchwhidhaddi ¢.ton 800 a
of 2 nolar sodi um phosphate I C solids was coll ected and washed s ried in a
vacuuniThe drjy@gs peiiky bakigShal EUNO0E 1% ANgh@rouBeh:t Dpd fiien powdel and3er
dried for mass of the dre powderwastall sanple, was dssoived inodi. CD COCD
020 aci d andykhnNNLRikdd bl OWEE: Secifin® ken@mrunt efo si nodificatior |ined
to be 3 E Un¥ nthatioi of ceulati performance and stflten

Example 3% Svuthesis of 8 ighomeleonlar welght hydrophobivally modified

pobvwinviaming {FVAL sthmulus reaponsive polymer

REHEON Using a solution of Lupsmin 3093 (incar polyvinylaming, average
RW = 340 kD, 20 % solids, pH 7-8) obtwsned from BASE, 8 hydrophobizally
mudified sthoslus rosponsive polymer was produced as fodlows, 300 g of Lapamin
GUUS Gapproximately 80 g of polyvisyianine) was added to 8 2 Iier glass jar, Next, 46
g ud MaOH pelbsis and 300 ol of deonized water wers dissolved and added 1o {he jar
Thas was follonwed by the addition of 360 ml 1 2-dimathoxyethane {SERMAY a8 2 co-
sorbvent snd the solution way stivved vigrsusly until honvgenony. Nuxt, 17,68 g benayt
eidorids {AUROS ORGANICS, 9996} was added o the reaction jur with stioring, The
srhution: was hoated to 6070 fiw 16 bours with magaetic stindng, The sedution wis

subssquently allowed 1o cool by room omperature and transferred to 8 3 liter beaker.

Next, 1300 sl of detonivad water was added with stirring, The pH wis adnusted to 5

with glacial seetic acid, The product was progipitated with slow sddition e 23 ml 2

X

molar sodhon phosphats and the solid was collectad and washed with detonized water,
HEHISHH The polvmer was furthey parified by the followmg method. The selxd
wits dissedved i 2 Hiter of 1 molar acetic acid with stivring. The toial vobuoe was
broaght i 1G Hiery with delonized water and the pH s sdjusted to ¥ with drop wise
addition of 30% NaOH. The product was mrecipitatad with addion 800 g of 2 molay

sothium phosphate, The solid was iselstod vig vaenuny fltration snd washed with

. v . Fres e N [ P
derontred water. The resualting sodid ey was dried fn s vacmm aven at 88 Ui 3

6y



sing iioes of a stinulus restntiksikt Palner 's a Lplvdectrolvte In a CHO
eell mature In an user/Thiry enxirinment described herein, due stinmulus
[001731 wo 2pnlpes@4acrnrd. ng to the present iuventicrx werad2@1iipamusn
polymer, i.e., chitosan. for certain sirable properties.. [0010110 cel

cul ture was ptepas ededhioladt. e SCEdd wlixBpnphioodss aod Aoaod wtd orghw3% WW

sol ution ot insmolecular weieiit chitoso: kidriehld in 1 ncd soltitior

of vci r ophobj gytivrnehvkunme sbased «stidiy hiuss SREPanghva: (QA3¥E e ABRRIAA)

pol ymer was prepared according to Itis.mnple If dothe 1.10 ccli WO

2011/ 146394RGTAMNSI20L1L036648 addad: toxgach.cani gal 'it.ube: gentai-ni:ng CHO cel |
euhuic for each the LMNchili-nman and 33% BirPA A. For the coni cal tubes

contai ni ng the:33% .8 PATHKBRK Y Fikhe spHhovas e Mstedut Gddrden ARdRA Stimul us
of 150 iirM sodlun1phosphate was applied. Al the coni cal rubes 'were

centrifimed @Lm§pQQ,BPWk5@&k%&” QQQ§ﬂ@ggﬂgm@;supernatant was derianted and
the turbidity was detérm ned FK] 75] Tabl e S bel ow and Figure 10 sumari ze
the results of a representatlve to denonstrate that a non-stimltis

responsi ve ALY g{hl{gvamm@(h%&@@@n fguan FRol08E A @@m%&@gr ding to
t he present |IIVéNﬂ00“§%§%§{““¥TQSaﬁui?‘kreqU|re dose optim zation. In

other vor ds,  jnggase 0§u h&@&@%m i SROABLME RO LMIR e AUER. @3 e t 05am

once an opt| dose o 'S ac or efficient floccul ation,

exceedi ng That Qo i gl s 03855 U od Mo S SERE, LA BLE Y. i ch 1

T Tlisinig 4 solution of Polyallvaming {PAA, NITTORQ, 150 kD, 88%
whiwh , a hydrophebisally modified stinndas responsive polymer was producad as
follows, 500 g of Polvallvaming (PAA, NITTORG, 180K 405 wiiwt)
{approxinately 20 g of palvallylamine) was added 1o o 4 Heer glass Jar. Nexy, 88 g of
NaOH pellets and K mb of detonized water were dissohved and added to the jav
Followed by the addition of 1000 mll L2-dimethoxyethans (SIGMA) a8 & vo-xolvant
and the solution was stirresd vigorously until homogenops. Next, 114 g of berayt
clforids (ACRDE ORGANICS, 59% ) was added to the reactin Jar. The solution wa
heated at 80 °C for 16 hours with magnetic stivving, The solution wax sllwnved 1o vool o
room amperature anst transforred fo & 10 Bter heaker,
e Ry Mexs, 1000 mi of delonized water was added with sttrring and 2 sticky
sedid trrasa precipitated out of sahution. The produst was furthyr precipitated with stow
addition of 200 ml 2 molyr sodhan phosphate and the solid was collested snd svashed
with detontzsd water, The polyaer was Rurther parified by the following method, The
solid was dissobred i 3 Hier of | molar acetto soid with stirving. The sotal volume sy

broaght te 10 Hisrs with delontzed water and the pH was adjusted 1o 7 with drop wise



Whereas* in case of stinulus responsive polynmers such as these descri bed
herein., W stinulus responsive polyner continues to be an effective

f | oecul anwonneci4piouaat regardl ess of increase in the doser/uSadihiozd4gl WO
2011/ 146394 PCT/ US2011/ 036648 Pol yai |l yl am nei Pnlyanylamn 3:3% i 3emyl
modi fi ed Polysaidon i-amiss NaOGk OB pa¥duct bvaMe¥iipdianed il atiiRolNakafibnelsr) /1 Rer myt
Modi fi ed isol val Mai nino pk 38h Deterinination with iitcreasin

st, pertat ni tg:hRw »ih;%sgﬁﬁﬁ\ﬂﬁﬁl Sk solids was vollected anad washed with delomieed water, The

o method, The solid was disse

prsbviner was sven further purifled by the following
3 Hter of 1 molar aoetic acid with stirring. The ol volwoe was brought to 10 iters

R

with deontzed water asd the pH o was adpsted to 7 with drop wise addition of S0%

Na¥ The product was precipitated with addition B g of 2 molar sodinm phosphate

and the solids was collectad and washed with dolomized witer, The resulting sobd s

was drivd g T e 3 days, The deied podyoer was frosen with
Houid witengen and ground to # fing powder arad Suther dried for § day. The reasiting

raass of the dry powder waa 250 g A small sumpls was dissobved in  molar
CDLDOOD ! RO acid and T H-NMR sprotra ware obtainsd, as depdcted i Figare 9. The
TH-NMB peaks wers Integrated smd the smount of boreyd ssdification was determined

fo e 33 g,

Bxample 37 Determination of floccuiation performance sod supernatant quality

fisr inereasine doses of & stimnb rexponsive polviier ¥ 2 eatlonie
golvelestrolvie in a CHO cell culture

g

RT3 I an exermygrhiry expeniment deacribed horein, the stimulus weapisive
polyraers according tor the presend Jnvention were connparad 1o 3 known wdymer, Lo,

chitosay, for corfatn desivable propertiss,

T3

N

100174 CHO cell cultars was propared wsing a methad, as deseribed

Exampde 1A solation of 2% whw solufion of medinm mokzonlar welght chitoson

VAW ehitean) (Rigme-Addrich} was prepared i 1 roolar acetie send. A 2% wiw

solution of hydrophobivally yoodified polyalivlamme based stinndus responst

ve (33%

S

BuaPaA) polymer was prepared sovording to Example # 36 10 ml of the CHO gell

eulturg was dispensed fnto 18 mi cooneat tubes, Individual polymer deoses of (08, 801,

H.3 803,004, 008, 1, 0T, 022, and B4 %% iy warg



ivaitnt it ion sUmulusrulativit if3. no sti ottilt CRC) cell culture was
prepared :Wag $ nethod, irs dita Exiu Indhriductil pa 0.4%wciv were

; Added (rwe 20tw14pdvai t phate pH v, By nodifier 3nPA A) O®prapasied@escor di ng
to Eaa 0 05, 0.06. 031.7. 008,, MO 0. 014,0,1S, 0 ,ach , obe

contai ni ng CldQd &ddskh ddica@iupheaRSming CHO el cuthpotinenh santihvay shihnsi ust of 50
ai M sodmm phosoi ate or 1SO tuNl WO 2011/ 146394 contrifiteed at :3 cenrate
wr Ndi e, vi nph e afgasherd QL4 expe thnBnt, Beant:-gatas by Exappkeas

PCT/ US2011/ 036648 ed and the he reaiftsll the expennents 4t:5co-ibc:d in
this wn in Tabke:a0Q H 03 shimales of 150 wmM sodim phosphate swas applind. A the

conteal mbes worg contrifiged at 3000 BPM for T minutes and the sopernatant wis

deeanted and the trbidiy was determined,

(00175] Table 8 below and Figurs 10 swamarize the results of @ ropresentative
experiment by demonstrste that 3 non-stimabes responsive polymer {28, chilosan)
requires dose optirntration v efficiont floceulatin, wheress, 8 stimuhus responsive

polymer according to the present vention does net appear lo require dose
sytindzationt. In other words, i oave of & ana-stionilus respomsive polymer sack ¢
chitosan, nnoe an optivaal dose of the podyrmy s added for ¢ffivient Hocoulabios,
axccading that opthoal dose resalts i ncressed turbidity, which is undosirable,
Wherens, i case of stimaohs responsive polymens sucloss thase desenbed bessn, th
stirounlus responsive polymer continues to he an sffective Hoosulo/ procipilant
swvdless of ncrease i the duse

Table &

Polvmer Flocoutant | Ntimdes | w;:mﬁawm
Dose (i) _ Polymer Floconiant G fximy

@ MMW Clutosan _m
) ‘vi\is\ k‘mi RN D3

iy
s+

s s

g}k

o3

2y s
oo R e

TR C Ew;us @ 1

33% Benryl nodified ¥




Table 6 and Fioure ii suinnrNpretien'. 4tsed in nonsai nnhts

(Nr>011. 3c3i,cculain <o-i g polyn ci, vith a n responpol yner does not pth
tt. Opt ) Wwoaotw4639ar easi ng pol yner dose 'fable 6 Poynerciiuseaulodssss Dose -5
0, 05 Pol ymer . Focculnt 333 Bemmii nodified PolvaVam ne 4.nodified

(phosphate citrate none) te SupeW»nahanm;(NTuy Bon_dyaiivl anrt
Q4 ¥ 3y
43 ¥ 486
.03 ¥ 2%
904 ¥ 283
.08 ¥ 43
08 Vo 15
.07 5§ i
8.0 ¥ 16
R ¥ 21
33% B Poodified
.1 Bolvallvlarnine X 26
"% Feawey srnmiiﬁt\ati
B4 Pol \giii"‘ sy ¥ o1 17
; 33% Benzyl n‘mﬁxmé
QIR _ Baobvallviaming ¥ o
.22 ' N %h sibvlaming 1 ¥ [
33% Benzyl mm%;i nd
.4 Folvallvianune ¥ b

Example 38 Determination of Soccnlation performancs snd supernsisnt guality
with increaing dosss of s stimulux respousive pelvmer in thy

PESEREE
af a multivalent anka sthnulus relative 1o no stmuluy, fn CHOE celf
culfure
eve] {HO vell colture was propared sxing @ metbod, as desenibed in

3

Example 1. A 2% wiw solation of hydeyprhodiosdly moditied pobvaliyvianune based

stimull responsive (33%-Bala Ay palvmer was prepared gocording to Bxanple # 36,

"ﬂ/‘;

Individunl pohymey doses o 0.0, 0.05, .06, 0.07 008, .09, 0.1, 014, 018, 022, s

8.4 %% wiv were added t cach comical tube containing CHO vell calture in tniplicates

{one for plusphate and one for citraie and one for no staell SaPAA polyme

" -

The pH was sdosted to 7.2 and & stiiouhis of 150 ;M sodiom phosphate or 150 mM

i,

socium oitraty was appliod or no stivvnlus was applisd. AR (e conteal tubas werg



amne 1% < .Renzyl rticicit)ed mne 33%Betnnil nodified Polvalt, Aati nne

kl eztyl nodified PolyaN amint:, $3%tienzyl nod:lied Polvailvlanine v,

am ne Poiwel2byi@asvune Benzyl nodified Pol val kl am ne PaCTymsbdtitiosssiss i ¢ 35%
B Pol valivlandrie phr. et ph phosolr -0 21. phosplint0 phosphate phospin,
phoaphal : e bd):iiGadal eaoPave foPokiates Jad Be ndphprawval hisalvabmne! and the

9

contrate tusbidity was detormined, The resalts from the experiroonts desortbad in s
axsenple sre shown fn Tabby & awd Figuee 11,

2t

{00177 Talde ¢ and Figure 11 summarize the reaalts of g reprosentative

sxperiment o demonstrste that a stimulus responsive pobvewer {s.g., Sesortbad in
Pyample 38) can opsrate as # non-stimules responsive Hocoulant (ainshe o Ulukosan
data iy Bxample 37} requiring polymer dose optindzstion withowd & stimualus,
Howaover, with a sndtivalest fon stivautus, such as phosphaio or citvate, the stwaln
responsive polymer doss not regquire dose nptimization as the contrate turbudity 18 nust

X

effecied by increasing polymer dose,

Tabie d

Ktinmaius Supernsiant |
Polvmer Floceulant {phosphate/ Tarbidiy
Drovg {wiv)de _i’nh ey Hucmhm _sitrate { noup} (N
¢ phosphate 237

88 b Polvaliviesne phosphate &2
G406 L phosphate 19
807 phaaphate 14
.58 phosphats 1
49 phossphate 21
§1.1 shosphate B
.14 ohosphiabs 17
84,18 3 phasphate iy

33 if% pazyd ‘
932 , Polvalbvlamine ghosphate 1 12

; 33% Henaylmodified

5.4 vhosphaig 14

33%% Bonryl mndified
(435 Polvaliviarnine Suraie Ny

13% Benzy i oottt
{45 Folvallvianr Ry
Q417 % Bn-ss«\,i & i@diﬁﬂd 37




33% Ben; :y:
Pol yal i sI ain

nodi fied Polyoliviainine .... , 13mm41 mxlifted

ine citrate Benzyi Polvail vl al n| ne 3.3% Ji my,

nmoi nf i

ed

Pol y: 111 woeo0113@8s9kki zy1l nodi fi ed Pol yal i vi am ne 33% Bemrymsnz(m'lmdtims ed

Pobenl i vl am
PO, : dyl arni n

ned 3P & Berizyl tniultinxi ci (. Btuyi nodi

fied

Exam " nati on
doses of an

e. 33% Benz51 nodi fi edeirghssannne Benzyl nodi fied_Ponr.iivroinn
of floccul ationi erfigrioanvelad stat ion't ivith insnasino
. i
unnodi f#&d st ht ndu m)dﬁnm rapol vrrer tisattckat icat @ e

13 Bongd mmsziwi

Y Polvaliviamine M
Be nzyt rowd i‘zed

&l ?’oivexii -‘w\ airas 21

4.4 citrly 9

3,38 . p.ﬁimns‘oszv e 24

& Benzyl modified

§.22 S : 23

1.4 citraie it

RN DoRe fd

$06 O 33

D07 B H

{ O TN 34

{08 synine o none Si
wmenhifegd

4.1 e i3

.14 TN 5%

118 none 83

$.23 BORS 454

a4 TG 455

Exampie 3% Deermination of flocculation performance sl supernatant guaity

with increasing doses of an sumodifind stimulus respansive polvasy

in
CHO coll culture
U foanother experiment, the flocondation ghlity and supernatant guality

gs desoribad heram,

NERNLY CHO cell culture was propared using & methad, as deaon

¥y
XL N

with an unmodified stmulas rwspomsive polymer in g CHO cell volture was dotermined,

Example 1A 2% whw selution of wnodified palvaliviamine based stiomali respossive

4



stinmul os responsive pOrper in s detenpo ned. [001791Cl-1U Exanple 1 Awm w
thud, an di. nodified dvatlylds, patP ', lyailyarnine.loao, 150 ki):40%
"csi t / Mv@a2bith4bivsaaceCc acid. 10.mL.orthe (11.0 cell egirtuse@1io366ds spe
eenca tubes. odividual polynetdoses0.06, 0.07 0.18"dUonkt ai

t ubE. : t ont ai piiRgEHS:Gloy@rdiantdiskieng FEY«thoednp2(Fara STTHORY, DM S0dph) 1 Cd Al |
t he conlcal tubes wety.f cent$000 RPM..kr 2 m nutes cud the .supcny
Exanpl e 4t h DReterin: hatiencod sfiiocoul. at iton HierdlomirardedisgenseWindgs tilme,  and
supernatant ustatity a stinmuli responshe nolvant i [001 SCeewasid as
deset fl,ed p#:dt hibethdHi@iay alitsaid midstdr ofts, 05 reEponsioe) opdynefyiel m hr
toir).; WD 2011/ 146394PCT/ US2011/ 036648 cul turel”, gl ass graduated den,
the.los re. SPOK! SYE apOh Y IBE WaSs ARIeeh dulh conical tube containing CHOD coll enlture,

The pH was adiusted to 7.2 and o stinnades of 130 M sodbam phospbate was applind.
Al the contual fubes wers sentrifuged a1 3000 REM Ror 2 minutes and the supematant
was deosnted and the sutsdity was determined, The resulis Fom the exporiments

¥

desoribed i this example ane shown in Table 7.

Table 7

Supernatsni
Paldymer Floccuiant Sthmubus | Turbidiy
Bose (win% %‘{sixms:r i\imus&%:ki {vfm} 1 INTLHG
G058 £ 171
508 Polvallyanune £ 438
U ms\mi:« LD
447 hvann i &332
.08 B Q55
GL09 3 247
0.1 t GO
BRE a W
.1 i >
0,33 1 > 1600
.4 2 > 1D

Example 40 Determipstion of Hocculation performance, setiling Hme, and
supernatant guality 8 stimull responsive polvoug ja CHO vell
culture

{O01ED RO cell enlture was prepared using s method g Jeseribed i Bxampde

X

£A 0% wiw solution of ¢ hydrophobically modifisd polyvaitvlanune based stouli

AnPAAY prbvmer was prepirad stmilar to Exsenple § 36, 80 ml of

X

TSN LY eg BRI
responsive {33



was adjusted to 7 with droi
sodi un phosphat e soi Thon,
ohat e t hewetonuil4s®iuve pol yner and a omt acells,
t he sodi um phosphat e addt hon and pH arge

asc addition of 2 nolar tris base, con.
and the sol udon was adj ustnent was pod-bri

gated particl eslworts'

nnnol ar

ned in

cel | | atreTius20ntBeheAf t er

pol

ot her gm uat CHEOyki ndens waspistidris e doT of. (Runipnditees caivdionothishgiasals sadded.

Bot h of the

nylinnern are hour. At the en super it was o pol ynnet

settl es fastgriastiwedk, Bwssavphasesihtvahaifsonts: (Shanp: sebiodd £, b gl

transition) to lative to the solid phase in the untreatedgi

settling

front,

1001The r esubtsSadafscfixnment: danelfabl@id ol Tdam nedisys evRaishi tgsdfeent s were

.) cylinder

because the setthng front was

‘»

adiustment wayg perfiarood in ovder o precipitate

compley of cells, ¢

1

agpregaied particles were obesrved fu the aiinndus rosponstve polymar s
aihe

oylimders wen

‘tat Table 8 sin
ronorntrstian was adjusted to 38 mM by addition of 3 2 molar sasdive phosphate

solution, smd the solution wias stirred for 2 miredes. The sodiam phosphaty and pf

the stimulug rosponstye polviner aad a

sell debris, imparities, restdaad polymer to foeoulate the solids! and

v increase particte size. After the sodiam phosphate addigon and pH adiustiment, large

v graduated oylinder was stirred for 2 mrinotes and nothing was added. Both ot the

N2

o aHoowed to st andisturbed for 1 heam, AL the éod of an how, the

supernatant was aspinyed and the hurbidity was recorded,

{00181

pransitton) relative to the solid phase in the untreated oylinder, wi

setth

)

BREsy

)-.,4

3 was observed that the sobid phase in the ¢ with the smant

Sornst

¥ 3

er setthes faster as well ay » dofined actiling Tromd (sharp sohd to tipiid phase

aiym

weh onve wy amdetined

e f‘; $ 3 3&
Lk

{31821 The resulis of one such sxporitaent ave sunuwuized in Table 8. The

veynenia with mepse

PNy

Tl

v-»

X ated

&

the seithing fronts were a rough astimate for e e

cyltinder becauss the settling front was largely dispersed and undofinad.

Table 8
Tiow ‘Fs}i\’mer Seutling Fromt (% Final Supecnatant
{mimies) R Nuliday Turbidiny (8T
Y 130
2 FO
3G 62
40 3




Exanpl e 41: Conpai itibil 01 C nance using polvam nes of di fferent
ncdecuhu wei ghts 00 1 Si A series of polyners w& h diftrent

nol ecul arwet2o1igiué®m4wer e obt ai ned, nodi fied, Ond OSd to Plotusedatssensl
puriflore PoWrers vito tpeat unitS of noleewarweurhis. of LSkD.. .85kD,. 15 ),

3501W 600- 950ktl and 21¢12:4000kBDwier e dbtai ned an&or. nodified by the
bal | : Polvafiviunine N

334 Benwyl wodiiied £ 1

&3 ot 3 1%
Polvaliviambe

18 3 i

5t 18

3 9%

46 :

S I T . - U -2 N S

&l 388

Example 410 Comparisen of dlavificstion perfirmancs suing polvanings af
different molerular weichis

{ORIR3Y A series of polymers with differct molecnlar weights were sltained,

modified, el uxed o Hocoulate, procipitae, sud panify & cell culture. Podymues with

of 15K, RSKD, 130K, 330

primary amine repeat units of molesulay weighis

5 and HOG-H000KD wer shaained andfor modified by the Pollowing metheds.

{00184 The 15kD po

& podymer wis oblatned from NITTOBOQ and
was benzyiated {covalently attachesd banay! groups and prarilied) using & method statlar
to exanple 36, The SSEE benzylnted podyvinyiaming polvmer was propared by
Example 13, The 130kD bensylated polyallvlamine was propared according to Exunple
365, The 350%TH benwyvluted polyvinylamine polymer wis prepavad by Bxeaaphe 35 The
Q50K pebvvinylandne polymer backhone fs propared by hydrolyzing Folymin Vi
(BASF) with 2 equivalents of base at 80°C for § howrs, The enmsdifiod 2000-4000510
BYA was prepared acvonding to exsraple 31 The bengylated 2000-40008D polymer
was prepared acoording to Bxample 320 The polyirs weve used to Hocoudate,

3¢ %

culiure of approximutely 12100 celle/md, and

provipiate; and punfy

2 hareest call viabitity of = 30 %, The flocoaiatinn was porfrmed at polymer doses of

: . A solabion stimehe of 3 sodban phoaphate and pHi

.3 % and 0.8

adpmtment o 7 with 2 molar tris haas was applied.



| 00184. 1The 15k1) pol yailyl am ne polynN tetlittedvai enthti 85kD benzyl at ed
pol yvi nyi amme wynre.r was prepare4 3 The 150kD bengyl ot ad pol yal | yl arai ne
was prepawveadoacaesydi ng . 10 Exanpl e i uw at edpci | yvi nvl anrcmaspalipsssagpar ed
by Exanplti 35 The. 950k1) po]v' Anvb fBA.8Fif with 2 eq .P.V,A was
prepare. :ignkbone i sopsepakaed:ihy bk NdeolybidngeRakemdisn Kabdserat 80C
for 8 hours. The unnodified .7000400011) teyl abad 2000-40001, 1) pol yner
prceptate. atdhy PAO hakvestscek henabut Yordeddugauk. The vials dandedyd-% ww. A
solution stimulus of 50 m adushn cutr tris base was applied. XC 013.
coUl p. ett ZoRE:SERALA d RBidhaAR: 3:50SPL NG sRgbedhlTakdtautdsch esiimet tl e
faster whichl abie 9, deno:lawn*is foraE: aiccular Table 9, Ml ecul ar

Vi ght 1S noied that the farger spgregmtosiparticles settle faster with « shayper solid fiqguid

interfacs. Rexalts are shown in Table 9, which denuretraies ihe vesubiy for foconlation
asing polvamings of difforent molecniar weights,

Tabie @,

Mnteouler Welght Polviner Doss Aggregsie/Farticle
tkin {oriw} Slep

13 3.3 +
150 a2
35¢ ol
HUO-000 a2
004000 - 4.2
15 ) 04
N N 4.4
130 - 0.4
kRO 0.4
sogsge 0 1.4
2000000 .4

Example 42: Comparisen of elarificglion pegformancse ssing polvamines of
different Byvdrophohic modifications

HIIRA] CHO cell culiure was prepared using @ methed, s described i
Frampls 1 Savaplos of polymers desoribed iy Examples 31, 32, 32 and 35 werg wbled
tos the el ouburs as desoribed & Byample 38 with the folbewing sxoeptivns: The
polviaer doss was between .1 widh and .6 wi%h as desoribed in Tabde 18 The mital

cictrbidity was ~800 KTU and the contrate without polymer teatnent kad a

turhicity of 212 WTUL The pH was sdiusted to 7.2 and a sthmahus of 3 md sadium
phosphite was apphiod. Al the comcal tubes were contrifuged at 2000 RPM for 2

X,

minates and the superaant was decanted and the contrate tradity was detemuned,

The rendis froon the experinents deseribed in this example v vhown i Tabde 19,



ynmer Dose 009 0 7 . 1$0 350 0.2 02 " 600-900 0.2 20004000 0.2 0.4 a')
0.4 1.50 0.4 ,a50 0.4 600900 0.4 70004000 0.4

WO 2011/146394 PCT/US2011/036648

which demonstrates the performanes s differont hydropholae modificatios st differomt

polymey doses
{00187 Table 10 denvmatrates that by vhanging the raturs of the hydrophobic

groap andior polymer molesular weight, the

esponse o stimuhs and resalting comirate
wrbidity can be variad

Table 1

, Polymer Dose r{;aagg‘ie
Polymer (5¥/%) ! g&'h‘@;%g:«‘
N {NTLY
Unireated i i
{No Podyvimern) ) ,
Example 31 ; 0.3 13
Example 31 0.5 ‘ T
 Example 33 0.3 a3
Example 32 1 0.6 g 5
\\\\\\ Example 33 | 0.3 | i
Example 33 5 &
Example 3377 .1 I
Sxample 35 01 {2
- o 335 .4 3
Example 35 RS 33

Example 43 Effvet of Reduced Tarbidity obtabned with Sthmuius Bespoasive
Pelymers op Downstrean fltration

LU RN I order fo sososy the affect of the stinudus mapovaive polyier on
subsequent contyifugation and depth Mation steps, the fellowing provedan was
followed, DG4S chingss Hamster Quary ({CHON cell oo expressing PTG antibody
wore grown in s TOL bloveastor (NEW BRUNSWICK SCIENTIFIC)Y to o density of
about 15106 vells'mi and harvested at < 30% vighility, A FO wiv sohstion of g

hydrophobically modified polysilviamine based stimall sesponsive (33%-BabAdg

polvmer i preprrsd stmilar to Example 38,

toell oulture s freaded with §.2% of the

HEURUE e fraction of the DG

stimalus responsive polvmer 33%-BaPAA, while snotber faction of the DG CHO

L2
on]



Exanpl e 42: arison 01 elarificatioungformdifferent hydrophobic

nodi fications oouiojl1l, 7tKil tell culture was prepared using a al

Exanppol ywoemidiessvai bed i n Eaanaple.st to the colt cult mce/msodesans bed in
Exanple 38 wtl1llcs u:kQ1lu pohatr, dose wasand 0.6 )% ,dibed in 1 at dc
[TTflc. 1 cebdll withturesturbd ity wasRis 10Q0nNEPodnd:y tthes€alitonbi'eGen t had a
turbidity 01:212. 4dpagted In 7..:1 a stinn./Ins Orthl smthol phosphate
was ap |ied. skl phepiconieatdiibes bwape ¢ éhtund buged «w8113000 o RPNbTior 2

m nutes and theand the centrale turbdOy was dete.rrn on) the experinents
descri bed: i punpk ghar@sabown: finiskabked k072 by Whibehsdeddss of § 0l 8%) Tabl e 10
de: &0Ong the nialimgroup antpoiiiet itweight, The response to stinmulus
aeentrate tuphiditYoGan Beakixedpll Tabke«lQ: peranpl & A8y wBhbagitawohe Ryduced
Torbitlits. Mod whit Stinulus Res Poinners on Downstre.un ultra [Gti |

$8: h cider tg;a8888&%chliee alTHStobbitpst bt nuk, subseguentand, depth Mfation
steps, the |l ow ng procedefe was tolkr.d Ilk 44 hnsc. |Luntcr OvaO) cul

l'i noM body \Aﬁs&mg{ QAL NEW: BRI 8ok Xl 08 +08¢ h:51tlic abd Amar esdmenat < 50%

vial'.viv solutiot Thobicalt," in4 polyae based stimuli polyner is
prepared. sim.a6:d QoA 483G DtanGal QUL shSubbeati@gh th 0, 2>>
stimuus responsive polymer treated feed. Both fractions were ventrifuged for § avnues

a1 3000 RPM and the supenwstants wers decanted mud the nebidity was determuned. The

centrate tarbidity for the 3%-BaPAA polymer treated foud way determined to be 1
MU whils the ventrate trhidity for the antreated foad way determained to be 6 NTU,
RN Dreputh filier throughput for each foed was sdetermined by the Rollowing
paethod. & NOHC Millisaht® Pod Disposabie Depth Filter (MILLIPORE} with &
surfisce sarea of 230’ wsed for sach foed. The deopth filters were equipped with g
peristaltie pamyp snd sn ie-line pressare sensor. The flters wore thished with detonized

witer avoording to instractions and the feed was pumped through at 100 LMH and
Fittrate was & NTU and the posted tarbidity for the anirossed foed fitrate was 8 NTU.
The filter tweughyn for the 33%-BaPAA polymer trosted feed was 1204 Ll st 10
ok, st which time the experinuat was stoppad hecauss of feed houtations, The filter
throughput for the anbeated fred was 206 Lim2 at 20 pal, st which tme the sxpenimgmt
was stopped becmse of pressure Hmtations,

Exgmple 44 Porification of o wodsl proteln siream with s stimulug responsivg
pulviner followed by capture with a sHlinity resin

HMHS i order § befter sasess the affeot of the stinuifos mspnsive polymaey

on subasguent parifiontion gteps, s moded foed was preparad and the following

8%



T 33" ,f/efirtlof the 1)644 C WD 2011/ 146394PCT/ US2011/ 036648 cel|l culture
is not treated. 'To the stimulus 'responsive polyner treated ;ml| culture,
t he sodi wophngpbsy4i meentration i s brought to 50 ni M byCanuspoioses4s
ttddition or 2 nolar sodi um phosphate and the pHis art usted to 7.2 by
drop wi se adghktddor wf @imakiarHines chasej: jiyercs odhpm:ptiod plabbewand pH
adjustnment is performed Morder to precipitate the atitinfhl$ responsive
pol yner and saxganpl axisef Feeehl S loeel 2 idehphs, Allpuritdsdsisnrnési dul d pol yret
and to flocculate the solids, and increase partide Sift,C. After the sodium
phosphat e adgiddeovant pRiad] uskaenbind argenflbekedsparticcliegiane observed
in the stinuus responsive polyner treated feed. Both fractions were
centrifuged §Qimd& iNiRUHES:aA00QBRMIandt heustpennatantst wene decant ed
and the turbidity was deternined. The centrate tnmhidily he the 33% i nPAA

pol ymer treatog.fe&ds Was:: detefil kit @cft 315t N4, whitt @dithe connat e
turbidity for the untreated feed was determ ned to be 60 NTH [ 001901Dept h

filter throughput .fo% ceachif edwas:detenm pedy By «Lhes idbdkewbagyret hr, u/ .
A Il KIHDC .5AI I |1 staktd Pod Di sposable ttepth | iltet 15H t IdPO?E) Wth a

surface area;pf g3an Msed.6 hLaaehheedio The.gderti ki thent wake«8a4 pped
wth a perlstaltlc punp and an i n- But pressure sensor. The filters were

flushed with & onjzed. B CCRLLANG 1L O LASEE QNS ANG:; {.06d; was
punbed thr oS a4 00" TRHAA Ther e o B e e T o s

turbidity foE 5 Loian 6L PA lynee.t Leated feed filtr s 6 NTH
and t he pool e% }ES} %gl %ykfor dﬁ?u%?r%ﬁ%%ﬂgg% {tgr%gt ék {Naéatﬁ@iy\?. The

fiter throughmytefalict 9 A3% BORAG ROlaIDS, LigH! gﬁbgﬁd@m 1304 Litn2 at

19 psi,. at V\ﬁ expér | nent. was sto pe cause o f eed
limtations. @,\t\e\g( ughput | nt.r g eed UnP? at 20
pai, at whicht %Fﬁa“ RS ‘grlgﬁg’ﬁ%i ‘"”Esipg’ i3 a’t ecé ‘}e of" R%?Zség?*é
Ilmtatlons Esu dfication t |nsr¢eamw|tha
stimlus pof yfrfe?[@‘f f‘ﬁoﬁ\ed‘ggm SPPVEFE TR “”“‘ {f“‘ri“ “M %ié(r%i’?y” eité"l W 1087911 i n
order to bette assess the. af A Jesponsi ve polymer on
subsequent piftt PHENE RS E ebsw‘? gi“’r‘?‘b”bfé‘i“ ‘}?}83 o gy%‘f"e‘p\ﬁ d‘“‘éﬁfgm%ﬁéy“f‘ol | owi ng
WO 2011/ 146394PCT/ US2011/ 03664$ oced re was fol GHO.C cel | culture is
prepared usi HF¥E ﬁ‘é‘f‘hbﬂ‘“%?h’iﬂ"’a J[Og pitErPepen ‘Iﬁ‘ §t ‘a‘ “ﬁé d *Fovel

210, 000ppm A lit%w g ﬁol ution of hydr ophobi eag\ﬁ

pol yal | yl ani f‘ﬁW““b*ég“ed % PR T Sl B F‘\fé‘“("fﬁ*y ?i{‘ﬁmliﬁz‘ Y“’T”& Bt epar ed
.simlar to Exanple 36, One fraction of the C110 cell culture js treated
with 0 1% of “¥He 8 Hisl PRSP ORET FETPOIYREF 3398 TBRIBAKT WRFI'e Aot her
fraction of the CHO cell culture is treated wwth 0.4% of the stinuli
responsi ve potyEr s33YkTef HPARD sdhtaPPRPFE ISt i on ol die CHO cel | culture
is not treated. To the stimuli responsive polyiner treated cell cultures
the sodi um pHEsSBHat e cdie Etratiobrivits PErodghpLeh » hizpgice aroapBpise
addition old nol ar sodi um phosphate and the pII is adjusted to 72 by drop
wi se addi ti ohssef peimetiarcopriBiepaseldiTheSotitmphssphat'eodnd M adj ust ment
is perfornmed in order to precipitate the stinuli respon3|ve pol ymer and a
conpl ex of c&lRLdeldtandebyd wiog mﬂmmeluesmur‘@sm*dué’lmipblz*lﬁerm R RER

floccul ate the solids, and increase panicle size. After the sodium
phosphat e addisbitonssame prngdiiustreptrhandesthockedhdparvoohesb dnellsbser ved
in the stimuli responsive polyner treated feeds, Each fraction of the cell
culture is centiisficged ferfvanddaln sbake ket odentin fdengengfiorheSnyiriut es:  at
3000 RPM The urr bi dty of each centrale is recorded and reported in Table
1., The cenmnatles: ar atkiphdiefedubhipughs acb2bw Dur aporetifii’béi b 001921 The
filtrate pO d - were purified through a this step ohronaksgraphy based
puri fi cati onfeonsiisbhRigerebinp 1 FnaRsab i, ysidehiriovate glaphys seSsip U tra
bnliii-and-eltite canon exchange chromat ography tchitaR esand nenbrane
absor ber ani on exchange chromat ography in how thoughnode (ChromSorb aq,
The purification was performed on a chromat ography workstation according to
the nethod in Table 12, The pock for each step were anal yzed fireboat cell
protein (CHOP) by HASA, |eached Protein A (1, ProA) by EISA, residual DNA
by I'licoOreen aasay, WO 2011/146394PCT({S2011/036648 , aggregaM exdndon




concetyabsnption, Table Il. Feed Treatnent Centr4uge Oniv 0. 1<, 4}
P1325PAA 0. 4% Bn25P. A. A CHOP Renpval DNA (ttri(ErEL) 49 Pt Wrt
Pooi e Fewo20tmmedo4 Centrifuge oniy 0.1% E. MR5PAI s, 0. 20aBrs2&iRAB648
Centri fuge

terbidiy, aguegatcd protoin (AGG porcent by stxe exclosion HPLL, and protein
conceniration by UV absorption.

Table 11,

Mab | CHOP
Fead fentraly Resovery | Removal QNS
?ysatm@m {NTLY §%) R b)) {ragfon)

4%

;:
-
2::;
o
Lowd

8n2 5?3,&»;\ 7.3 RN 50 LG
4%
BulBPAS §.7 & B4 <L 00

Profuin & Pools

............ T
Inaciivation,
Faed fow pi hold | Step Yield MO LProA DNA
e girnent Pogt (NTL) {543 {pp AGG % {p
e“si Hfuge | ‘
Sy 45 g 135 3 » 35 (.84

$.4%

BRISRAL | 28 ag 507 2.5 3 <L
(} )‘i <\ .’ )
Braspa 2 150 287 K3 *25 <L

C Cantd LQ 3 j:
Ordy 87 s 23 <O LG

o
3 <L

Ba2SPAR y1 e 24 LI
645 1

BRaSPAA 96 w24 @00 | ana

ChromaSork Pools -
Fesd | Step Yield | [DHOE - DNR

Tragtment | {9} {ppam} LProd | fugimi)

&3 <L QL <O

618 0.7 or
SrRERAL 9§ <L QQ S L <L
T a% - 47 o o
BnFaRai EE < O <LOQ <LOQ

Table 12,

Protain &

Column
- Dimensions D68 X 14 om

Wothod

Duration
{Lniemn Residence
Step | Buffer Volumas} Time

£Q Phoapgahin buffered solibe & 3

o
T



Only 0, 1% Bn25PAA 0. 4% EMP5PAA  Feed Tnat nent
Bri 25PAA 0. 4% Bn25P. AA 45 2.4,

CentrdKe Oniy 0.1%
ProA 25 >25 COTh L ProA <1. OO c)NA

pobemer followed by capture with a cation exclianue vasin

o ovdsy

subseguent parification

5

o betlor asseas the affegt of the

: stirondug e

stepy, the fillowing procedurs was followed,

SRPICTRIVE

0. 94 C. O0OWO 2011/146394 PCT/US2011/036648
Laad (. 8mgfmi Clarifiad feadatock 2wl 4
Wash Phospatie bufferad saiing 8 3
Slation Sl Acativadid, pH 28 8 ]
Aoid St 150mM Phagphoric sad 3 3
EQ Phospahis buffered aaling 8 3
Catien Bynhange
Cohunn
Simensions P has X dem
Mathod
Paratian
{Colwpn Rasidencs
Step Butfer Volames) Time
Sooibd Acstic zoid, 28mb Nall, pH
EQ 58 3 3
Frofein A glution poot adjusles o gl B
with § »\m«‘ﬁ Agetic anid, 285mbd NaCl, oad dansity = 4¢
fad pH &G mgfimk 4
Slmid Avetic adld, Z3mb Nall, pi : A
Wash a.¢ 31 3
Somb Acelic acld, 128mM Nali, g |
Elytian 50 g 3
SGmM Agetie avld, 500mM NaCl, ph
Nall Rivip 5.4 3 3
 NaOH Cleaning S L T ——— 3 by
g SGmd Avetio adld, Z5mb KNali, pH
Anion Exchangs
ChromaSorb 0.8 |
i,
Method .
Duration
{Cotumn Filow Rats
Rlap Buffer Y¥olumas) & {mblfmimne}
B S0 M TriapH 7.4 30¢ | 3
Cation exchangs pool adjusted with Load Densily =
Load SomMinapHT 4 2 S hgil 3
Exsmple 45: Purification of 3 suulel protein siresm with 8 stimulus res




DNA COO COO 0.66 X 14 cm Buf fer SOWM AceticNdcl, pi 5,0 ['iuratSn
(olunrn Volunes) Protein A ekdion pool adjuste with 50nM Acetic add, 25mM
Na ph 5. owbQoM/Ae®ui ¢ aci d, 26nmM NaGL pH 6.0 60mM Acet i ecaaisdy11h2eadv P48CL
pH 5,0 50ETEM Acetic acid, 500mM Nei, PH SO E*ntn45: Pttdflcaflon ofa
model . pr ot elimutie e\aq’&m\/\ﬁﬁﬁ}&tuim ¢ palrywer POl kovedy ey @stvt may B0 n order to
betkr tssc.ss the a on stthsequentturifieritiort steps., the follesting pro
-0 birrsastor {New Broaswick Solengifie} to o donsity of aboutl 3x106 cofiviat. and

harvested af 0 S0% wighiliny with an BOP fovel of ~ 280 ppm.

[OGT94] AT wiw sohutton of g hydmpshobically modifted pobvaibvisoms
fased & sponsive (I3H-BaPAA)Y polymer was prapared sinnlar fo &

Ome fraction of the (THO cell culture was frasted vwith D196 of the sthmul responsive
pesbviner 3300-BrPAA, wiile suother fraction of the CHO coll sulture was treated with
.49 of the stimul responstve polymer 33%-HaPAA, and g third fraction of the CHO

el cullure

vl sudture wis not treated. To the stivouli reaponsive podynmier tros
sodionn phosphate concentration was brought o 50 mM by drop wise addiion o 2
sodar sodim phosphate and the pH was adjudtad to 7.2 by drop whse mblitin of 2
molar iris base. The sodien phesphate and pH adjusiment was performed 1 ordar to

precipitne the stimull reapovsive polyor and & complex of colls, coll debriy,

impurities, rosideal petymer, and to Rocoulate the solids, amd invrense

After the sedian phesphate additior and pH adpatmont large sggrogated particles are

abserved in the stimul responsive poalymer teated feeds. Bach fraction of the cell
culture ts contrifuged 1o a lab scale bucket condrifge for 5 punutes 31 3000 BPM, The

X,

purbidiy of each contrats Is rovorded and reported in Tadde 13 The contrales ware
filtered trough 3 0.3pm Dhapore® filter,
{00105} The filtvate poads wore purified through a bwe step chromstography

based purification consisiing of Mind-and-climie oatton exchange chiromatogesphy

A3

{ProRes 88, and menbee adsorber anton exchuge chromatography in 6
wade {ChromaSord ®). The parification was porfrmad on & chronatography
workstation acvording o the methed in Table 12, The poods Tor each slep were

anabvzed for host cell prgeln {CHOF) by BLISA, loachad Frotom AL Prodl by

P
575
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host cell
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protein (CHOP) hy EUSA,
Pt oAl by WD 2011/146394PCT/ US2011/ 036648 fitl SA"
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ve polyner
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Vet

following recipe: 192 of PAHEMA (Aldrich 033890, 75% PAHEMA and 23%

b \
:‘

BisHEMPA

{.65um, UPTP MIL

3 g of brgacure 2959, VAR gof water, A podyethylonsn

JLIPOREY was prowetted with mothanol avd exeh

ehvane

angad inlg

| eashed

3&
C

the membmne can be wsed for remova? of residusd

A 16% aguoous mixture of PAHEMA was prepaved socovdimg bt

water

and treated with the PAHEMA formudation. The sampls was exposed o UV hght,

washad with methassd o

surface modiBontin was 4.4%. The infrs

wed speotnen of the me

onshrane displays

wd water, and dried, The weight added fo the mumbrane by thig

d

l

hnned

n and



(9..65umci, as prewettcd. with nethanol and:into water and treated isknh
ht P *M fomodation | 'c anpL a x )5):/ lighi, washed wi thwater, attight
Added t o wbeonertsvane by this WasThe infrared spectrum eCTiuse0114366a€
with-le blue (a nositively charged dyed- Enunple 47: 4vd Ethnic

pol vet hvi onestiong pritanyimodisflices! thhtrhiyphbs phrarihe mehparoxie ticitivichAbine xt ur e of
PAIT EM A was prepared aecordina to the A (Aid h g49599, 75% pAi nmA and 25%
sow. 2959, 03.p8uigwof swagerdye Amhy dioplidicalby metrerame 8 166uy @ 1 MPLC

M LUPORE) was. directly contacted with bove ga n of the nmenbrane di spl ayed
a stro Stai ningegiber manhianelinedihitiicncobideayancfopthieliiied Exanpl e 48:

I'l vdr ophi | i cyiiabisedi um | ate resin nodi fied wkb phosp. borkacid it

t wdr oxvet i ni met haer vi atig X RAHEMAL dinikakaehude i adia} nl 6SC nedi a i s added
an>. A :50C for 16 hours. The nedia. are separated and. washed by standard.
procedures. {Thens; A 18% wqueons wixie of PAHEMA was prepared scomding to the

following recipe: 10g of PAREMA (Aldrich #0880, 78% PAHEMA and 23%
BisHEMPAL 0.2 gof Irgaoure 2939, 938 g of water. & bydrophilose membeans

{8 65any, MPLOC MILLIFORE) was dirgotly contacted with the PAHEMA schation, UV
sxposare and washing 18 above gave s memnbrang with & 7.6% add san The tdvared
spectrant of the mentdwane displayed s strong methacrylate carboanyd absorption,
Staidng the menduane with methylone blue (o positively charged dye} gave s dosp blue

cotor with a cyvan optical dessity of 1.458

Example 48 Hydrophilic privmethacrvade vesin modified with phosphorie agid

e
bydroxvethyvlmethaorvigie (PAHEMAY
{0159 o another sxporiment, & resin was voodifiad to include & stinvtus,

whare the mdified resin could then be used for yemoving the residuad pobmer.
EURE A solation is prepussd with the followhy: composition: 60ad ativl
shveidyl ether{ AGE), 110 4M NaQH, 12y sodbum selfute. To thiy selution 60mi of
ToyrPearle3C media is added and e suxtre is placed in a rotating hybrdizer at 50U

<

for 16 hours. The media are separated and washed by standsrd procedures. The
PAHEMA grafting solation is prepared 33 follows: 18y FAHEMA 0,063 anvnonthon
persutfate, 9.0¢ water, To this sodution is added Sml of the AGE modified ToyaPear

media, The mixiure is placed i a hylwidizer at 80C i 16 hours, Bepasating and

washing by standard procedures gives the PAHEMA modified resin. This prodact stains



:grafting sedation is preparePAU NA, i.dthie. 9 Oy water. To thia solution
i s added Seal nodi fied Toyoi)earl nmedia. The nixture a. placed in a

hyhr khzerwoi2oB80@sione 16 hours. Separati ng and washi nra bycstspaansse4s
proceduresesi BINA nodified resin. Ins product s fxanipk 4% Stintal as
responsi ve ydirkbing etwbirnwidditdr dikibiyeont vétideyhEmethgenbblanebshrfd i ce

nodi fied withithosphoric acid 2- vdrov'et b'ylniet huts |ate (PAREN A),
The PAHEMVA madithiedmenblane (Exanpl e 47 was (PAM pol ymerd scdution. s.
contain ng experinmental proeaure. A norn cell holder, PA A solutions
processed al pkam@cali taguidhasgad@ubeohee blddiholdesn Wht%hﬁﬁ&rbe t hed
surfacti g Wigfiveshsiene Dy MB It stawain i111der. The magen | oaded with P cc
shown in Table 4. Qaihens a8tk aldanninga: elosbhgwmabeane. For |l to 4:5
mmtr.t4 val ues for |ggu,ght\g@gzsy;;{,i:gﬁgzhgg&lﬁ,xsgmw olth 1c sile 100204]

FOR20T The FAHEMA modified MPLL mendwane (Bxaanple 471 was wned to
gaptre pobyaliviamine (PAA) polymer from ¥ solutions comatung HHL 10 and Tppme
PAA respectively using the following expenimental procedure. A mendrane disk 20mm
processed diameter in 15ce selt hadder. PAA solutions processed at § Seofise, The
membrane wis washed foand out of cell holder with Hifhnl, PRY bhuffer. Progessad
swmbrane stained with Ponesaa 8.

Ry Pouneau S 1 a regatively charged dye thet abeorbs strongly b
positively charged serfaces. When FAA is abeorbed by the PAHEMA wmodified
wembrane, the surface is converted from s pegative to posttive chargs. This convarsion
ix sasily ohaserved by stiining the processed solution with Poncean B, A good weasu
of degree of staining with Fonoean 8 ixthe magenta optival density a8 measured with 2
Macheth Denstteaneter. The magenta optical density values for various processed
membraney (e lnaded with PAA)Y on both the upstrears and depwnstrean sides of the
mewnhrans are shonvn 1 Table 14

1002033 Ax can be seen for the Tppm vase, 3l of the PAA is captursd an the
upatromn side of the mondwane, Por the 15ml of provessed solution, this sorrespayuls

i 4.8 miorogranm of FAN omI of membrane surface,

o
37



1002051sells fromthis Esz concluded that the nudi fi ed nenbranes and r.

i nsdescri bed herein may used

kir reducng the |eve

| of residua

pol ymer

Q

)pi etel, rwonvngatdve . ,i. Z. hhiyhtff. :7Zjet). is nost wrhorusoahloyecss
understood in .601 OMKI Y4by de an iHustn lion of mt isspa. The as arc
eneon"ossedﬁbyl $ihis toil by retbrence in their 'cited by reference
contradicts or is f the present ecification, the' pixsont. specitlea.do ow

ill
pres [00207] tkiiess ot herw se

i ndi cated, all nunbe

rs exj ssinf, quant

sive iateraL The citation fanyhe rein retbrenees are prior art to the

I'[IES

of_ingredients eal Gllatagr €,
n ingiallCG ;r,{@pﬁgggg@ S,
am et e: rsnay vary erendlng,

tr eatipRRtanCORgikEONS .
ot her wi adugi cat ed,

upon teheidesided pro|

| s hiSQes {mﬁﬁmﬂﬁkﬁt‘
MRehh@@an DEdpa

perties sought to b

1, '-'h

e

obt ai ned by cat'ed, "the WO 2011/146391PCT/U82011/036648
b,;.asf's pr~ cedln@g%ﬁ@crks of "Owner g S to he ' tderstuagsto refir to
every el enent—in [ﬂ%d§§rles Those bKIbPQG FATtheart mnrh~gcne abl'e to
ascef | oi n ustng-no-mPre-than routimne’ Ig}r&gouunems ofthe" &on ckscritbed
her ei n. Such—egtt val'ént-s—are-i-ntended-t-o—beted by -the-rac)ns"and
vanauonsOcan netie Oits spirit-And scope as. 1l1lrt to ose skilled in the

Ter, ts desc

art.
CRGEC mtf ¥, BARY

{ may be

The pe{?& t,l..C enbockl {m‘ we‘e\tei

re .of
mn* iR W Example, {

conctuded that the nrdiBed membrines sod reains described hereiyt may beosed for

veducing the lovel s residual polymer or coropletely remrving the residual pobyner,

{02061 The speritfication s most thoroeghly uodersiond i hight of the

teachings of the references oited within the specification which are heraby incorpreated

by refirence, The embodinents within the speaification provide an lhustabion of

ernbodimeniy i thiy myvention and shondd notbe construsd o Bant iy seope. The

akiflesd artizan readily recognives that many other erbodiments are evwonnpassad by thig

fvertion, Al publications and nventions are corporated by referues in their

sotivggy, Vo the extent that the material ncorpovaied by reforence condendics ot s

rr

.
incramistont with the present speeification, the preasat specthication will supersede sny
such muterial. The cBiation of sny referances horeln s not an adntissiom that such
reforgrces are prioy art to the present vantion

{00207 Unless otherwise indleated, all numbery expressing quantities of

ingredionts, el sddture, rostment comditions, and so forth waed  the speetfication,

ctading clahas, are 1o he pnderstood a8 being modified inalf instances by the teem
“about” Acvcordingly, unless ofherwiss fndicatad to the contrary, the mumerics

parmneters are approsimations and may vavy depending uprm the desived properties

songht B be obtained by the present fovention. Unlres othenwise fiicated, the torm "



| ed that the specification and |es be considered as exenplary ordy. wth a
truespirit of the invention being Indicated by the Wlt/wng chuns. Wet

i s ci am ewoGhai1¥6394 A stimulus 10- .Ilen,dw pohner pcorgseeisionsiss i khoso
conprising one or noreabed to the bkne \clicirein Il polyner is capable

ot bndma and prcisphahag sacsshif olisgnik edk bofrderssgrestiitmansanpha tethe . ' 11
Thecreii the pitityrditetr- | nackbinc cantp:nses01101-fltitil- The

st hnui us r esponsiespaiiahindeconpl bsesuiat of wadts thregsinononenrtse t hi s
responsi va pol ynmer of claimeach nmononeric unit in ck bone conprises a cr
The gri n:t hi & opseonpsivventgiovnesnofndannk «lthe whereiombtdimebb v e apeut i e

pal ypepti de. The sinmolus -esf e. ansaii O claiml" wherein the. bior
A ceak -i nt emeSticAdébanapeutt chipbbhipaptl deinisositd bk ustebwhmed hethgr oup
consisting of h s' and cellular Ithfia. 1t

follnwing clams.

T2 Many musHfications sad variations of this verdion can be made
without departing S i spirit and scope, a3 will be apparent o those skilled in the
art, The specific enbodiments desoribed horein ave offored by way of exawgde sy
and are not misant t© be Wnling inanyoway. B i intended that the spestfioation snd

examples by vonsidered us exeroplary oy, with a frae scops and apivit of the invention

heing fudicated by the folliaving chums,



, Wherein the stinmulus is u toulfriddenhion. 1[It).The tim7usnoTe nu ore u
It phospinde or citrate. The adnuhis responswace of claimc polypeptide is.
an anti boag.2011/146394The sit nonoci onel antil YEI S1VO pol gCirused11/036644.4, A
met hod of separating a target neilecuk flora sc:tnple, wherein the nethod
conpri ses th&hstiepgsmefize: out' eerie the sanple svith a stinulus forma
oonpi e of polyner and the one or sanpk,ﬁn&hereby to cording to and twin
out of 501 UU0 by noseparatetarget notectle fromone 01 nore puritiek3,
The nethodrein the nethon further cosupnses one or nt

i A stimulus responsie polymer compmising & polyelectrolyte backbone

sevnprising one of ywore hydrophobie grups attachad to the backbone, wheren the

postvmer s sapable of binding snd precipiating 8 lnomedeaude of intevest tn & sample
uywnt aededition of a stimuhus,
L. The stinndas vespessive polyns of cldm 1) wherotn the pobyelocirolyte

backbne comnprises al least (R0 IoROmMETI Bls.

3 The stimalua responsive polymer of olsim 2, whoren the polystectrolyle

backbone comprises at least thrae mononerie wraty,

4, The stimulus responstve pobaer of olat 2, wherein sach monomeriy yait i

the pobelsctradviy backbong coroprises a chargs.

5 The stivndus sesponaive pobynn of clabm 2, wherein at least 3% of the

MOROICTIC YRS comise & chargs.

R

8. The stimulas responsive polymer of ohim 1, whereis the nontelenude of ngerest

5 therapeutio polypeptide.

«

The stimuius responsive polymer of cladm |, whevein the biomoleonle of hnterest

is an snparity present n & sample along with a therapeutic polypeptude.

8, The stimahes responsive pedvimer of olabm 7, whevedn the impurity i selocted

frou the groop consisting of hust ol protedn, sodotogin, DNA, RMA, virnses, hpids,

whols cells and celiular debrig

G The stinudes responsive polymer of clim 1, whereln the stinndos fs s

multtvalont wn



filtntion steps The nefinxi dcrsni 4, syl-we' t c¢ ncthoo cartheone or fIR
rphy step viiodwherein the ' Thewherein Iiis phosphz WO

2011/ 146390RCT/14&2@11/ 036648 19, 201-1te nici one's" pcatusk@asnsecd® k000e
conpria,es at ehareca the utinmultie, responstislng the rufloveing,
structure: W:er eitn stimebaprpoescgoyarhenigorit aiwienghpokirciiestyokyt e
backbone CE rged groups whieb. affl O a part of the backbone;

W . 1phobi c at fmfcﬁ‘ﬁ”d ovE charged group in the backbone; and a is the nunber
of nononeric of the polyrrer wher ein a |s equal tootgreat er than 2.
stinmulus res ion5| ue p o mer conp $¢ m“\ Le Q}LhecorrprsCs a
car bono' backbone; “R¥*IRZ EnEVRT Far 8‘“C'h r‘ﬁ%d Qr’b‘ﬁb FEh f%rm a part

of hydr ophobi g g{@ﬂ& @kt aehedyto a charged eroup in the backbone. 11', is a
group possessing a charge opposite of the charge kitnmd in Ror R :3; and xi
itt the -nunber of nonuneic units in

¥

13, The stinndus responaive polymey of olaim T whereln the antibody s g

monoclonal antibody,

30 A stimuhes responsive polymer ssdested from the woup consisting of
polyalivianine, polyallvianing modifiod with @ bonsyt groug, polyvinyloming snd

polyvinviamine nwdifted with a beneyd growp, wherain the sthmulay s phosphate or

ortrate,
4. A method of separating a target wolevals from ong or mors hapurities m a

REm m wherein the nethod comnprises the steps oft
1} providing a sample conprising 8 tsrgetmolecule and one or yove puriiey;

ﬁ}} pontasting e saaply with & stimulus rosponsive polvmer seoording to cham
b, thereby to form a complex of polymer aud the sae o more inpunities; snd

{oy adiling & stimulas o the sangle, therely fo previpitate the coonplex sutod
solation,

thereby o separste the target mokeenls Ban ane oy Mot npurities.
15, The wethod of clabm 14, wherein the methed further comprises one o3 nune

filtvation stops.

i, The methed of chum 14, wherein the method further comprises one of more

shromstography step.

17 The method of olatm B4, swhergin the stiroulng i 2 muitivalent on,
18, g s of ok Swheredn the wmultvalent o iy phosphaty o citrsie.
8 The method of clatms 17 wherein

a2



the polyinet, wherein it is equal to or greater than 2. eonphx ot "citner
and one ot note in:31)036es, wherein the first, set of conditions nonpristo
adj usung wbl20r1/t4&84t concentration of the sanpl e bef or epcumscong/osss4s af t er
the addition of the polynh.." (c) preeipthting the first conplex trornhe
salset (e) pieci it ateiing « -”s@*h“einséé-xﬁm**vm belxglethénebykow sepanat & t he

anti body fr or nore inpuriti L, L he,anpunt of

resi dua: polﬁﬁﬁgp“““?“mhfﬁﬁﬁi thod %l%chlglz %ég"&ﬁ%kmggt%ﬁ antibody is a
nonoi bocrv met hod of chun12 3. wherein the one or nore
inTpnrities lect [.ouUp Cons r N, RNA,

vh' uses. ant#bod %3P%Bfg %FI 5“”% t A “%n “Ela%““ﬁl‘éqé‘fﬁDyﬁeaanple
nocol tore ©Bgntke:Qrvhtehe naitk, airléa.sbﬂﬂyui B sEtcoagtifdes tiaknt . The met hod of
chUrn 23ahanber nonprisinp, one or nore tdtratnu steps,. wherein the hyd
3i)l&tile nib. wherein the polymer conprg polyel ectrol pi e backbone; Rt
Corma part of thecbashibengin:Rbbivke: aopheli: Gwmogdyiug gwghoup present on
20%e anune groups and consists of a phenyl group O deriva }hereof; and n
is w nunber of nononeric units in the polyner, wherein nis et, greater
than 2. $3, A $ti MJUS responsi ve pol ynerfor separatingruokeul e fromone or

N N &
W - \\\ e -« \\\ ,,.»"(2
Y } ion
Ry Ra
Ra

whergin the polysner somprises 3 carbon containing polyelectrolvie backbone By s
K. are charged groups which fomm » part of the hackluae; B3 is ¢ hydhaphabic group
AL

attzched to s chargad grewp i the Iaokbone; and 1 i the aumber of onomeric anils in

the polymer, whereln s squal o or greater than 2

33 The stimulus mspessive polyiner conyrising the following struchirs:

1
i
H
o o N -
-~ v o \\ ".» ", - e
- RN \,\{«‘ S
{
{ £
i
R By Rs

.
i
R

Py
%

c"

Wherein the polymer compriaes a cerbon contuning polyelectiyvie backbone R Ky

sl Ky are charged groups whish Swm @ part of the backbone; Ry s s hydrophebie

grouy sitsched to s charged growp in te ackbsae; R by a group passessing a charge
apposite of the charge Samd &y Ry, Ry or By and o s the manaber of monomeanic uniis i

the polyrer, whersin s equad o o greater than 2.

&3



More inmpurities eonpttstng the following itbrntilii.: pol ymer
conpri ses a carbon containing polyel ectrolyte backbone; R, , and R are

am ne gr oNpmhi4eiv4f orm a part of the backbone; 13',4 i eca/ysba@nybockIUd o 5%
to 75'iti of the R, K2 or Rt. groups Kt: ist ctaion exchange gr.

Modi fyi ng 55/t0% of theoups; am in the polyner, mherein 34. A Kottitod of
z;lem(')l: lld/ISI re.sf-gonsn“anaxl {gen‘o\ﬁhf”“réf‘i@‘tm m:ise”z%[];g{ nf‘)?':i} ME m 1@&:: &Q Iz ;iil ?Flyl }c rom
condi tions &uh&aﬁhemhﬁﬁm&henpqhyﬂEfa&ﬂn%@@o@hnnﬁjmﬁaomm$¢@mn@bﬂmavnmm and
one or nore i erein din St set of 0onos conprise adjustingpti
or salt noucﬁggﬁﬁ"ﬁ‘éwu% & SSAH ETBESY 8° Bl T'hg or after the addition or
the polymer,. (.&))hbeGEYE Qidz*ﬂ@mfszh;ﬁi*‘fsixr&tlhhenisazﬁmhﬁ"a\fuﬂdeiﬁ*‘pan{«ust end bons;
) rernonng t he. flocculated solgte co‘tagtlnﬂ h !

mul tival ent’ S pi éF FEEHTE SN ﬁ“wﬁh$¥%6ﬁ‘é’i§?Yf§““ﬁd*f?)n§Fébe éflng t he

second COWP'&%\&J!@&:@QXQW SEPA LAk Gt RGAME: BOGYfih:Om G hight besanount  of
resi dual pol yne o
first m mplex of polymer mnd one o mere lapurinies, whereln the fist set of conditions

.

comprise adiusting pH or salt concentration of the sanple before, during or after the
addition of the polymer,
{0} prse i;;?iiatirrig the first complex from the sample wider a second st o
comtiftome;

{1} crmmasting the sample with 2 stimdes comprising @ multivalent jon, thoreby

ies Form a second vomplex o rossdasd polymer and multtvalent ey and
§eiy - vy b
{o} precipitating the sevond somplex;
thereby o separse the antibody from one or more nyprities in the sample

while reducing the groount of residual polvmer i the sample.

34, The meethed of clatm 23, whereln the amibody 8 3 wonocksal anttbody.
25, The method of clafm 23, whercin the one or more impurities 18 selected from the
group consisting o host coll protein, DMNA, KNA, vinuses, antibody aggregates o vell

curlture additives.

26, Tho method of claim 23, whereln the saaple comprises a feedstock,

27, The msthod of claim 23, wherein the sample comypreisss oall cultur: niedia it
which an antibody w segrated,

8. The wmethed of olabmy 23, further conygwising one or more chromatagraphy seps.
3G The method of clabm 23, Farther comprising one or more fitvation steps,



35, cxi of separatng a target soecule fromone or P
the nmethod contdm (a) providing a sanple conpris ¢

N.it a sanple, wherein
a target nolec ore

i mpuriti e’p2011/1463@nt acti ng the sanple with a nultival erCTiuspomes@ensi ve

polynmer, Whc.reiEr a tivalent ion. is added betbre,

addi tion of ithe pod yﬁ'ﬁB‘ﬁ;,& r fhenehy whoe bahanpdietecofiypdhyiten: andyishe: one or

i npurities; e mpl.e “i gut of solutjo The net hod of
mul stimul uS TSRS 88 1 to method of ciai m 35,
after(el;the step difiatt with a multival ent omof

38. ivtierin the pultval ent ion
3 The polymer of wisim L

[ ho,
W ?u&q the hydropbobie group s e

during or after

no
.0:aim 35, wherein he
anount of polytritif
=T.:twin use eta. C

X

phenyl group,

32, A stimulus responsive polymer mseli So purifving s bivooleenle of mwigrest
from a swnply, the polymer comprising the followmg stracture:
1
i
-~ RN x“'fﬁ\\ v""’“’%
T § i
Ry
R S e bk RO 4 ¥
wherein the podvimer comprisss 2 ourbot comtainang polvelectroiyts backbone; Ry Ky

#¥E n!’i}if":x‘x f ST 3 Q&Yf\ of §

on G o T ofthe anune grogps and oot

*

thereot: and n s the manber o

greater than 3

3 A stinlos resporaive polynser for sepavating o farget

Tk

mwore ngnaies somprising the follewing fomuis

wherein the polymer comprises a cathon conlaining poby
ard Ry are mynine groups which form a part o
»Wihe Ky,

o S0 b F o
hed o B e TR ¢

93

he backbone; Ky 18 a hydrophobie modifying ¢

mononerie units i the polymer, whe

nolzouks

clectrobyie backbume,

BIEHIT DIOSE il

s of & pheny! groasge or dertvative

vEn s agoal o oy

Frean o o

x—
¥
C By Ry

£ ihe buckbong Bs fa s phonyd group which

. Ry o Ry proups; Ko is g cation exebangs gy

re

im
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g S b

FETCE

s of the By, Reor Ry grovps; and o is the runnber of monomerie

~

anits in the polymer, wherein v s egual o oy greater than 2.

34, & voethesd of separating an antibody from oie or more Bnpuriiioy Wy sample

kS

]

ustng # stionilus responsive polymse, while suininsning residual woowds of polymer,

the method comprising the steps off

(&) providing a sample comprising an antthody and ove ov move Impuritisg

X

{b} contarting the vonphs with & stimuhus respernsive palymer ander a fust set o

\

conditions suitable for the polynwr o bind one or more impuriiie

. thers i“s\ fos forn 8

First complex ¢ ?pun mer snd one of more Tnpuriiies, whersin the St sot of conditions
comprise adiusting pH or sl concentration of the sampls before, during or after the
acdditiom of the poivmcr
{1} flnconiating the first complex from the semple under 1 Hrst sot of comditions)
{1} rewoving the Hocculated solids;
{£} vontacting the sample with & naultivalent ton, thereby to forn g segond
somplex of residual polemer and mualtvalent lon and
() precipiiating the second pomphx
thereby to separate the antibody Hory one of more Inpurities n the sample

while reducing the amount of residusd polymer in the sample,

33,
sammple, wherein the uimu conprises e steps off
{a) providing & sample comprising x target molecute and one or more impurities;

ent i reaponsive podyner, wherein g

{hi contacting the samy
nnaltivalo fon is sdded before, during or after addition of the polymer, therely fo form
a cranpiex of polvmer and the one of move impunties;

{1} previpitating the complex out of solabion,

shereby fo separate the trget molecale from ore or newe mpurilies.

36, The method of claim 35, wherein the multivalent lon stimuius is phosphate or

ciivate.

37, The method of claine 35, whersin the stimuluy msponsive polymeris g

capobymer,

&5
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38, Tho method of elatrs 35, Rether comprising the step of romeving a rostdal
amount of polver after step (o}, wherein the slep comprizes the use of g reembrans oy

resin wodifiad with o mdtivalent i,

39 The methisl of claim 38, wheretn the multivaient o 16 phosphate,



