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Eriority Diaia

Fo0a1 The present applivation chums the benefit of prionty of UL

i

Provisional Patend Appheation No. 81393, 76%, filed o May 17, 2010, the entive

content of which is mosrparated by roference hereln in s ontiraty.

Fiedd of Inveniion

{662 The present iwvengion relates & polymers usefnd for prodsin
puvificasion, fn partiondar, the prosest mvendionoreiates, at least ¥o pard, 1 simuhus

sshymers weefud for the purid

ation of # target modecule from a sampls

{00031 Efftoient and soononae large svale purification of loawstecudes sunh

as, 8.4 g antibodies, is an moereasingly mportant

consideration o the bimechnwdtogy and pharmacsation] industnies, Generadly, the

prrification provesses are quite elaborate and expensive and inelnds many differem

steps, For example, typically, in the cass of proteing,

onbtore methods, e.g., uaing either nwmmahan or b

produce th protein of ttorest by nsortion of & recondsinant plasynid contatiing the
gens gncoding that profetr In general, fiflowing the exprossion of the farget pratetn,
ity soparation frean ong o morg andesived conponenta including, v, host cell
profeins, media y-products and INA, posey 3 fumidable challenge. Suoh sepsmation

is expecinlly inpovtant when the therapautic proteinns are meant for use i homaas and

fave o be approved by the Food and Dreag Admindstration (PDA)
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in gonoral, soparation smdfor purifioation pro

st fosst the following steps: sell

o

intvaceitular protemn or recovery of @ protoin S the medin fn e

1.
X

proeiy removal of cells snd coliular debels vang differentind contrifugation or filiration

r obtwin a vhifed saople containing the profein of nferesty and uvas of @ varisty of

from the

chromatography media w3 mulit-slop process 1o separale a protei of intorost
varieus mpuriies o the sample.

3

SEEERS! Yartous tvpes of podymers, icluding polyslectniyviss, have boen

\

eraphoyed i ong of auie steps B the purification of bismokeonles, expecially proteias,

g

Ty example, the use of polyeleatdyie

eetablished {se, o.g., Infermwtional POT Patont A4

This can be accomplished with a wide nange of pobvmurs, with the only regprived

“

chametoristie being the podymer puat have ssme Iovel of ferastion with &

@8 & target maolecuke o an mpaniyd The most compn

see af polyvners containing ot spesizs, suoh as poblenirolvte

Geterally, pobvelocirolyies ad o the protein mixtare and purification iy achieved

¥

via selertive Jocvultion of one or move compoments of the nuxbire. A oriticsd

drawhback of this spproach s that carefully controlled Tevels of pulvelectrotyies

Bre gdded 1 ovder o avind residend pobymer contamin

tiwy high) of inefficient Boccudation {e., when polymer lovel o

.‘.,Q

sxchange and other charged chromatography piedit e conunondy used tn the

o

purifioation of proteing, residhial polyeloctrolytos can potentially bisd to the media ssed

i dhrwnstream purification steps, theredy Saling and connplicating the priscess,

HO006) Keeently, tochn wwaes somme of

the challynges assuoiated with the use of polymers S punification of bisrnolecules {ses,
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~

2.4, Infernational FOT Pubdivation No, W 2008078302 AZY For exsrople, stimudus-

h § M

rosponsive of “Smart” polymers have bean developed which o bind to both soluble

{2, bost coll proteias, DNA, oolt calture sdditivesy as well os inmaoluble (g, csdls and

cellalar debris) comporents {see, 0@, LS Fublication Nigs. J00BG353027 and

REEREH RIS

Althongh stiondlus-responsive podvinses showy great prosyise in general,
s koy challenge that faces 2 broad ase of such polymers 15 the existence oof & stple
stimmus wiuch may be implemended 8t 3 varisty of sealex, ramging From laboratory

soife to largs production seale.

Sumpary of the Invention

{0067 The pozsent wvention provides novel polyslectrolvte hased stinndus

~

respaatve podymens which are eastly scalable and operate over a wide range of pH are

condurtivity, therely snabhing thedr use in the paification of a wide gvay of

hiomolecules inchuding, o.2., therapeutic proteins.

FOOOR] in srune embahinsnty aovording to the prossnt inventiog, a stimdos

respsive polymer conymising @ polvelestrolyie barkbone compurising ong or more

o

hydrophobie groups is provided, where the podemrer s capable of binding snd

~

precipiisting x bmohoule of intersst v s wmpls fllowing the addition of a sbimlus.

.

{0009 o soame embodiments, the polyelentrolyte backbone of & poldvmer

corrding 10 the proserd Inveniion CORTIRes at lad two monomerk: wils o at foast

thrse mononedie ardts, In o smbodineds, at | ik monomene unils

oy

comprise 3 shargs. In other smbodiments, cach monomeric vt of the polyalsatrobyie

baokbone comprises & charge,

{06101 n some entheshinnty, a stk rogponsive polymer sooording

o the

P

pressd fnvontion cuprises & podvaming backbuate, Tu some ewnbodimends, one or

mors hydvaphodde groups s a phenvi group,
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i The stimulus responsive polyias secording o the prosent invention
are usefl for puriiving a desired trget molecule and do so by sepaming the destred
target molscale fom one or more undesimble ontitios present in a sample along with
the desired tavpst molevals,

MR Accordingly, in some embodimonts, a stimalus rosponsive palyoey

a hiomaolecule of interest,

soosrding 1o the present myvention hinds and precipibaes
which tself is the desivable farget woolecale bound and procipatated by the sthoulas
responaive pobymer, In other exbodivoenis, a storalus responsive polyoer hinds and
procipiates & biomelecule of wierest, which s an andesirable entity prosont s samypre
slong with the destrabie targat medeaude.

[O013 I soms vnbodiments, the biesoleoule of iiorest s » therapeutis

L)

be desirable arget molecule). In some vrabodiments, the therapeuts

podypopink

polypeptide i= an antibody (0.8, a monoclonal seaih
10014} in other smbodiments, the bomolecole of bderest s selecied from i
group consisting of hows coll protoin, DNA, RMNA, Hpds, virpses, endotoruns, vell

vasinwre additives, whole cells and cellidar debuis,

{0018} o somw smbodiments, 8 polymer according to the present mventiin s
reapoasive fo 8 stimalus whach s 3 conplex fornung salt,

LUy Also encompassed by the present invention are methods of using the

polvimers deseribod harein, The stimulus responsive padvmers are enigque and mvy
over the polymars desoribed i the prior art, in that they supplant or imprsve i ong

a6 the oversil

7 RS Steps Bt 2 purillostion provess, thoreby to substantially
purity of 8 farget moletide destred 1o be purified ov soparated B e o8 more

reabde entition
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Aconrdingly, i sons cmb

set nudocude iy prosvided, wherein

(N
i
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acdiments, 8 method of Increasing the purity

s wmethod comprises the sleps off (8}

providing 8 samphe cornprising s rget molenuly and one or move Impurities; ()

crattsctivg the sample with g

b

backbone comprising :

stinuhis rovponsive pedvier comprising a poabelovirelyie

one ot more hydrophobne groups attached o the backbone under ¢

first aet oof comditions suifable for the polymer to bind the twget muodovule m solution,
therehy t forme g complex of polvmier and the target molecuds; and {o) adding s

strndos fo the sermphe undsr s

coanplax st of solusion, whess the e

of the target melecule From one oy w

target molsoule.
0G18Y In same

ivention, the wethod Srther conprises the

i1 anether embodime

\

{3

X

praser invention binds and e

molzcule, whe

second set of conditions su
pilation of the complex resulis in the

Yore s

embssdumsanis secording o the methods of the pre

i, a stivulus

Haios one of mors mpuritiss

the
£y

dable to precipitate

seithes, thoreby 1o lnorease the purity of the

£

£

B

¢ step of recovering a target molesuks friam

reyponsive polymer acoording 1o the

nstead of the targst

e precipitation of @ complex of the polyower and one or muee

mupuriies resels i the soparation of the target molecude frony the one or suee
mnpuritios, thereby fo incmase the purity of the rget mudesule. Accordingly, such a
a} wrovidhng @ samnple comprisiog a target molecule and

3\

OUC OF RO BNy

i3
X

connprising 3 polvelectrolyte back

attached to the backbone vnder ;

whiriiies, thereby o form

the SIS oF 1O

tnpiritiey; and (o askiling & stimalus o e

; b} contaching the samypde with & stiroulus responsive polvm

RO QY EPN !f’i

H £330
Y

o

3

ane or more hydrophatic groups

3

congditions sultably for the pobymer 1o hind

a comnplex of pelymer and the one or more
snple wader @ sccond setof conditions
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suttabde o provipiiate the complex, whers the precipitation of the complex resals in the
separation of the arget modecule from ong or movs Impurities, thereby fo inorsase the
pority of G target moleeul
{SRIZH i soms vanbodinents, 8 stimulies responstve pobyimer according s the

prosent fnvention comprises the fllowing stractre:

- WSSOSO
5
l’s
)
4
’5
w

Sy
2

/

%,
5,
P
4
.}
;..,,....? X
o
¥
X ()
3
n/

X
roee 3
P

where ¥ and v represent moncweste waits of the pobvmser; Ry and Ry ave chevged groups

wohich form & part of the poelvelec ii‘sﬁsf}-’i’{? bgokbone (B and Rids a I*}}"{h‘x‘;;ﬁwbic LEOUR

attached to 8 charged group w the back The mtio of y monomerie wmits

having a hydrophobiy group attached to the backbone) G the otal number of

,

smameric wHs (Le., man of X and y snoenenic units) reprasents the “prrcent of

fydropheiie modificagon™ of the pobvmer,

0021 1o somw embodiments, 9 stimuluy respossive polymer agoording bs the

&

present fnvention conywises the fnllowing strattvre

er
s s
B

whers %, ¥ and @ 4vg monomenic units 1 the pabvasa By, By and Ry are charged grongs
which form 8 part of thy pudvelsotrsdyie backbong (Bi RS iz a hvdvophobic group
sitsched g charged group i the backbeme wd Ry fs » functionad growp attached o g

&
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chirged grouy tn the hackbysme, The tatio of v moneeric unlis {Le, kaving

hydropliobie group attached to hackbome] to the fal number of monwmerio wi
polymer {Le., suns of x, vy and 2 monomeric wHis) representys the "porcent hvdrophobis
modification” of the polymer. Furthr, the vatio of ¥ wonamerio ynits {Le., having &

funwrtmat grougp attsched o a charged grosip on the backbonn) to the total namber of

. it e csevides £ ea crox I L ﬁ, r IRt S £ v —
monmneri enis (e, sunt ol y, v and ¥ty mprosents the Yperosnt functionsd grouy

160231 T peveral, it wunderstond that s polveu sncompased by the proseny

ention may have M mumber of any of monomerk: wmiy X, ¥ ov 2, dexortbed berein,

where 1 18 ogpial or greater tha hwis,
{60231 In stiff other snbodiments, & shinmlus responsive polvimer ascording i

thy preseayt ivention comprizes the following strachea

-
I i
T 1
i {
i ! !
N H = H -
&" M e " _Viw..-«
1 \",,«'g" Ve, i
L E 3
X ¥

wherg ® and ¥ represont mononerts unitx) By, Ry are aliphatic amine groaps {88,
pramary o secondary anddor avomatic aminesy which Swem & pert of & corbeay erastaining
backbone of a polvelsctrolyvte; and By 8 a teydrophobie group attached to the anune
groap By and comtains 4 of more carbon atons {e.g., an abkyl groop, an alkeny! groug,
an avatkemyd group o 1 Buovecarbon group). In some embodiments, the vativ of y (e,
mongmeri units having o hyshophobie group attached 1o a charged group in the

polvelecirolyte hackbone} to ¥ (Lo unmodified charged group in the polyelectrolye

hackbone s 0.0 o TS or B3 e

75 Accordingly, the purcent hydrophabic group



WO 2011/146394 PCT/US2011/036648

modification swould be hetwesn o w7

polvelsctrolvle mononoric yuits {Le, 14+ ¥)

{00241 T vt sther enthodbments, 1 stimulas responsive polymor according o

the prosest Invsption oxmprises the follewing structurs

o~ V‘E 3

i
. i e
NN U SN [ “\’\ -
. . - e, e .-if
= RN N o

Y i { j

i

OB cmmmnmmne

P
i

L
3 oo lﬁwf

o

where By, Ry and Ra sre adiphatic amine groups whisch forny s part of the carbon

gontmining polyelectrolyte hackbous (o, primary or sscondmry smines sndfor aromatic
antinesh Ry is a hydrophobic group contaiming 4 or more curbent stoms and selectod
frome stkenyl, arsdbyl and arafbeny? groups: and Ry iv g hysdesphotse groap covdairng 4
ot more 4 varboy atoms snd selected from an alkyl or o fuorocarbon groap. The ratio of
¥ roanomenic anits o (e totad nuber of podyvelosirolyle mononmenic anits is betwaen

101 and .75, The ratio of 2 monomeric units to the tolal namber of polvelestro

monomens wals 18 between (LO8 and 0.3 or bebween .07 and 4.5,

percent fydrophobic group modification is bebween 1 %

7854 and the percent fupctiona! proug sredifioation i hetween 19 and 38%: or butween
$% and S0,

00251 Additonal muthody of using the stimalus responsive polyiwas
secseding to the presend nvention tnehude raethods whicly enable the purifieation of a

sarget molecude or produst of Brtorzet (e, s untithodyd winle nunimiang the smoant

of residual polymer ju the samphe.

03
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{26 i somw embodiments, s method of separsting o twgsi mols

an antibody} from one or more impurities asing s stioulos responaive polymer
aosording to the prosent frvention while minanuzing ressdon! moovnls of polymer is

provided, where the method comprises the steps of! {a) providing & samgde compris

target molscale and o ws; () ormtacting the sample w

responsive polvimer ander a fiest set of o

onditions sutable for the polymer o bind the

S O wewe impuritiss, thoreby e forny s Brat compley of polvimer and oo or more

sof of conditions comprise adiusting pH o sl concentration

v the asklition of the polymen () precipatating the first

cornplex fom the smnple vnder s sevmnd set of conditions; {d} contacting the sanple

with 3 smuliivalent on, 1 w complex of rexidual polerer and

w second conptox; and {3 re

muitivalent lon; {e} pevipitating

by

b

maodecude front the ssmple; therebyy 1o separate the trget mwlecuie i

tpurities n the semple while reducing the anwamt of residual polymer n the samply

,,,,

{0271 In soone ombodiments, the larget mokseals §s an antibody, fna

¥

hochiment, the soptbody &8 2 monoclonad antits

particular sm

O02RY in & particslar embodiment, recovering the tavget molecule m various

j>>3

methods avcording 1o the present vvention coanprises a chromatography step, In

anther ewdodiment, recovering the twrged nusdocuie comprizes a fltratues step.
REERASE £ some embodiments, methesds acconding e the g

the invention, For example, g stimulus responsive polymer may be usad & presipiiate

ORE OF MOTC InyRETides i ony step of the purification proess and sauwr or differen

i b used i precipitain o targst wmoleonie or the destrad

polvmer may

product in a

Svent step of the procges.
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o030 o soone embolimengs, the one or moey imparities 18 selctod S the

groug conaisting of host cell profein, DNA&, BN, antibody agges

endotoning, whole cells, volbudir debrid snd coll cubiure additives.

Brigf Deseription of the Drawiangs

(31 Figure 1 i a schomatic depicting the reaction of a pelyvallvlaming

Py

polymer with beapyichloride
{06321 Figure 2 depiets the rosction achang for hexanoio aoid and fortbupyd

wodified polvsliviamire (HOGBREMPAXA)Y

J0G33] Figare 3 is a graph depicting the sffect of sodim chloride on the
multivalent iy stimahes and pH responsiveness of besanoly acid and tort-bastyd

modified polvalbvhaning (HOSBaMPAAY. The Xemds depiots pH and Yeaxis depiots
the contrate (Lo, outpat of 8 ventrifogs).

HEERES Figurg 4 depiots the synthesis of polyvinviamineg, as desorihed o

[003 5] Figurs § depiots @ reantion for the deproteetion of polyvamine aftey

podymarization

160363 Figurs & dopiots @ resction of polyvvinviantine with benzyichloride |
Figure 7 dupiots x polvimerivation and saction scheme s forma

aatitivalent on stimalos spasive copolymer,

X

Frgure § depiots an NMR speotrum 8w nrodified polyvinylanine

AR ~
g

{FVAG fron Example 35 Intogration of the T NMR shenwy ooy modiffoation feved
sof bt 1E%,
0039 Figure § depiots an NMR spectram for modified polyvallviaming from

v s Integranion of the FH NMR shows benyl nushification fovel of adwast
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FO040 Figare 10 dopiets o graph domnstrating the effvot of polymer dosing

for & non-stimulus responsivy polymer {e.g., chitosan} and a atinnalos mesponsive

XKeaxis i the

yer {o.g., beneyt modified polvailvlantine) on contrate turbidiy.

o
polymer dose (o) amd the Y-axis iy the contrste tatidity (NTL, as desertbed in
Example 37,

LIS RS Figure 11 depioty @ graph demenatrating the effset of polymer dose

£

the presencs and absence of a stimalus fo a beney! polyvallviamine sbiondus resporsive

polymer. The Neaxis i the polymer doss vowtSe and Yeaxis in the contvate turbidity

{TUY, sx desortbed in Example

HET 2

ot a typical scheme wsed for the purificatisn ©
momolecaies
HEEERY Figars 13 depiots & pawrifivation snheme incleding & sthmahus responstve

polymer used fo mprove the shutfication of the colf calture. The stinmudes responsive

PObRIHOr rentrves (e of Mo immiritieg, fowsver, the polymer does not bind the

desived terget molesule.

0044} Fhnwe 14 depicts a purifiontion scheme iolading » stimualus responaive

polvmer used @ toprove the clarification of the coll culture. The stimuluy responstes

polymer removes piw o more imgrities via floveulation, however, the polymr doss

ot b thee destrad targed molooude and the residual palymer s repweved by adding #
stimoudas after clanfication,

{EISAY Figure 15 depicts a purification schome including a stimuhas responsive

podyvmer used o sgrove the clarification of the cell vulture. The stimitos weponsive

f;}{}}}‘filﬁii‘ TEDHFYOR O70 7 IO

moderute and the residuad polymer 18 removed by an adiditional adsops

follwing clarfficanon.
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Detalled Desvriptinn

10046

<

The present fivontion provides, at least  part, a novel and buproved

P

q
H

stinnilus responsive polymer comprising & polveleotmibyie backbone modified with o

or mors hydrophobic groags, where the polviner solubility canhe altered by the

{0047} The stirmulos responsive pabemers and methods of using the same
deseribed berewn ars mwove efffvin than those deseribed in the prior art, in thay, tey

Suding,

Raek

provide an mproved range of pH for parification of destrad target wolkecnles, ine
e.g., proteins, o well as removal of mslestadde entities such ax impurities, o.g., host
cell proteing, DNA&, RNA, lipuds, endotoxing, coll culture mblittves, cxils amd cvltular
debria, Io aome embodiments, the polymens desoritied hovetn sy rosponsive i by
conwerirrtions of simpls mulivalens salty, thereby allowing T improved scabuniity
and redaced conductivity relative s oxisting sall respeastve polymers. b visious
embodimenis, the pdymers according to the present invention can effuctively rwmose
whale cells, celiular debrix as well ag other soluble impurities from cell ouliure madia,
The polynwsrs o ales effectively remave impurities from profein mrvieres contaiung a
watein of interest and onhe or more inpurities, Further, varioas polymers described
hessin are able W effertively oapture target molecules and profnsproducts of inders

i & sevnpl, thersby to separate them fvan one o puwe impuritics present m the sanyle
and Incresse the purity of the target molotude.

{0048} Alao enopmpassed by the preset fnvention are methods of using te
polymers desoribed herein for punifiontion of bt molkecules, e, therapautic
proteds, using o wide aray of conditions.

flda Without wishing o be bound by theory, 8 18 contomplated {

stirmnuhus responsive polymers dosoribed horemn oan be used for e hinding and

previpttation of etther g desirad tavgel molesule, w2 therapeane prote or a de
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woduet, or an wndusired enlity, e.g., tne o nuwe ppuriies ncheding, ¢

i1,

profein, DA, RNA, lpids, eodotorsing, coll onltare sddittves, wheole colls snd pellelar

debris, I gemersd, 1 molecude bound by 8 pedvaner scvording o the prosent invention

redd 80 ax @ lnomodecule of interest, whrther # e the desired arget meleenls o gn
undesired entity,

5G] The selection of a particular stinadus rasponsive polymer B use, as
deseribed hereln, i dotormined based on what the polymer i intended to bind. For
examphy, opsy of & bismoleculy of Imorvst which possesass 8 pel negative charge at s

pH above its pl{eg., whole cells, cetlular dobris, DNAL sadologing, and proteing), ;

stinnslux responsive polymer comprising s polye vie hackbone which i cationie

{1.a., posttively charged) &s desimable o use. On the other hand, n case of 5 hlon

twhich comprises @ ool positive chargs ot 8 pH below its pl {o.g. proteins), @

stimnfus respumsive polyyner comprising @ polyelectrolvte hackberne which i annic

{Le., negatively vharged) i3 desiralde oy ase,

viner under condiions

)
o

R A pstiive charge orld be mberont 1o the pol

ased during the purification proosss or the positive charge can ba generated with a

\.

change i pH which renders the stivaulas responsive polymer charged.

{0052} Axy portant payammeter sffecting the sverall recorvery of a bomolesule
iy the ratio of hydrophobiy modification groups o the remadning charged

~

ok,

fostrolyte backbone,

groups by the polyele or axsmnple, 25 the paroen

Froups movesses e does the resulting loss of the blemaolecnio throvgh non-specilic

fire, for a given blomolecuke, a s

wigractiong, Thes

soific ratto of charged groups o

hydrophobie groups caw by wsed v order 1o makimize bimnoleonke revovs

Additfonally, & high percentage of hydrghobly growps may Tt polymer solebiliny
arged groups on the polye chone,

,,,,.
Lax
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[OGS3 shovie of the

oo

Fu

Further, modification

sinine group w the back

S8

potvelectrolete polvaliviantine with benzyl o¥d

N

oride, resnlts i a sscondary snnne whicl

ia charged undsr 3 wide arvay of g conditions. Huswever, such s bengy! modification
adds a sterie bulk to the mming gronip wivch aun sffeet charge-charge imteractions.

Addutonslly, medifivation of & charged group in s pudyeloctrolyte buckbone with a

Bydrophobic group can seeull i a reduaction in the nunther of charged gromps. For
example, modification of an amine group of polyvalbylamine with bonayl ehloride resulls

i the formation of an anvde Hukage which s not 3 charged groag, thereby remtling m
8 reduction in e number of charged groups i the backbone, Acvordingly, a reduction

o the member of charged groups can alse sifect heih the polyroer’s solubility as well as

thes pobvmer’s ability t bind through charge-chargs inferactions,

FHERES! While, cortain polymers according 1o the prosent ivenbion are cationis
snd others are andonis, hybrid podvmers may also be synthestzed, whoch comprise
pedveleotroble baokbone which 1 cationio and modified with one or more hydvgpshodae
as well as srdoniy groups, I cssy of sach hybrid polveiers, womodified groups onthe
cationte pobyelectralvie ave responsive o a complex forndag sall, while the amonis
modificatison groups s the backbone can bind a Wonwsdesuds of nterest which
possessss a net posttive charge. Acvordmgly, the rabio of nnwnodified cutionde griags in
the polysdestrolyie bavkbone to smionie and bhydrophodie groups i mportand to

determine the solubiiity and stmutdes necessary for the polywer fo complex and captare

the biomodonule of interest. For exswple, too fow anmodified osttonie groups i the

pobyveiectralyte bavkbone can resull n Hondted {0 no response b stimehen, Whorsas, tou

fow auioniy groups can Hmit the ability 1o captars a biomolecule of interest,

& !

0055 The requisiie fevel of modification of polyelectrolyte backbuwe by

by
K

fvdrophobic groups as well ax the fype and amount of stinoadus thet s wsed can e
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determined hased o the Momoleade of Inferest 1o be purified asing the polemer as
well as the comaditions used, snd the inberent solubiity snd nwlendir weight o the

For oxgmple, it onder i suninize the amonnt of simadus ased,

e, & wultivalont salf, o B desishio o bave nwore lvdrophobie gongs sttiched 0 e
polyelectrolyte tackbone, Altormatively, morvased s of sudtvalent i stfmalug
rechices the extont of the hydrophobic modifiostion or percent hydrophobiv
modiffoation required. In xomw nstanoes, 1 may bi possible fo completaly offminae

i

the need i hydmgphobic modificatii, for sxample, 18 the mullivalent jon stinndas da at
a very high concenteation, Aleroatively, noreasing the pobymer molsendar welght
vedhuces the inherent ssdubility of the polyelectrodvte backbone and swy allow foy fow

{3 W o losad or m polyelestrobyie hydrophabic modification, Howevsr, e elimination
of hydrphobic nudification van increase the smoant of vesrduad pulymer R fower
msderular welght v mere solubde polymer backbones at bigh polymer dosex.

Pas

LUERS i vanous gmbodiments, the extent of hvdrophobin medificatim on a

. Bl
00 5% Lo

=

polyelectmivie backbone manges from 1% w0 85 Aseordingly,

depending sn the bomalecale of intersst to be bound by a stinlus resprasive polymer,

bed

~

the percertage of hvdrophobic modifloation v at Teast 196, 3%, 3%,

1%, 45%, 50%, S5, B9, 65%, 7

(ST in some enwbodiments, & comaplex Brming salf 15 wsed av 8 stmuhus, In
varkns entbodinments, the concerdration of the congrlex forming sadf ranges S 2mM

tx S00mM, o from 28mM o 130mM, Exemplary vomplex Sinning salts iolude bt

are not Hmited to roslivalont fowes such as, e oitrate, phosphate, sulfmte amd BIFTS,

sl bon sution salis sueh as porehborate, dodesyt sulfaty sodhum sslt, dodesyl

"«’1
f);

bomsene sulfate, Fe(llp-dooblore-Zantrophenal amon, fetrapheny! boate sodhium sall and

-
L
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swmerous complex fomnng salty which are knows m the aot srd may be weud as

stinadue for the polymuees deseribed hereln,
REENEY: The smoount of & complex forming salt which 18 reguired o tnduce

proviptiation depends on factors sech gy, e.g, ol robrmer soncenirution and

ermeentration of Momwdecule of ntored in & sample, aple, son

sotyeloctrotyies sueh as polvaliviamine have a charg

¢ density which varies with pH

ey

o,
o
e
C.
w

{amune protonation). As the pH s nereased, the level o charge density s
reduced 50 the degres of stimuli required to induves: procipitatis will te difforsay than
at ¢ lowsr pH or bigher charge deosity stals.

LIRS In general, & sbhouilos respovisive prdvisse sccsding to the present
mvention maybe added to g Ferdstock contaiming 8 tavgmd molecuie or 8 target molesnls
sontaining sample, in the form of # solid or in the formr of a figuid. The fimd podymer

corwentration s generally bateresn G0 and 296 I some ssthods desoribad herein,

s it of @ polymer snd @ boswssdecute of intorest Is penerated followed by the

&

‘
3

addition of 3 sthmeley, e.g., & complex forndng salt such as 8 nudthvalent anion. The
smount of siimuhis may depend on the polymer conventration. For exaple, a polymer
concentration of 2% will require 8 higher anwunt of stimualus rogquired 0 indoce

pobvmer precipitation. I s mportant that the stimulus s appdind By the corrst ovina

sHght excess sunount in arder {0 cnsure cnmplete polvimer presipiiation throagh the

stivoulus rospoass. Thas §s in conteast & polymer floveunlationy, where overdosiy

¢ lends
g

to problevoatio restdasd pobvner

R GH The present nvention can be wsed i a variety s purification schevaes,

The stimutes reeponsive polymer can be benadioal ot any step of the proeess, althongh
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the wreforrad uss is af the beginning of the process during clanfication or during capturs
of the terget mwlecule. A single shimulus responsive polymor or mixture of polvimers
can e added it one or more steps and subweguently precipitaiod using one of mote
stimnedt The stindes can be applied befors, during or after the palymer sssoviates with

the bomedesule of nterext {Le., one or more imparities or & dosared wrget molsogle)

Alko, the st

s can be applisd before, during or afier the renwival of the precipitate,
which s generslly tnsodid form The preoipiate can be subsequently removed
one or maors techmgques kiwvewn i the st andior those desoribed herein such 8¢, 2.3,
fHration, sontling, cowrifugation: or any other solidBgud separstion muthod ora
cornbination of methods in simultancoys, paradlel or sertes sepasgion scheroes,
TR Addiion oo the stinndus responsive polymer cun be socomplished in

soveral wayy, The opll enlture media may be adiusted o & destred condition prive @ the

addition of a siontlus responaive polymer, for example adiustment (e, reducton of

pi andior conduotivity. The stinulus weposive polymer can then be added 1o the oell
culinre media and muxed, The stimuplus sespusive polymer car be sdded in a Hguid o
a solid format. The polymer containing solutiss dtself can be formulated fust that it

adjusts the pH of the celt culture muedix toox destred condition, For evample, the

stmulus responsive polvier can be dissedved {n o concentrated acetic acid solutian

The concentration of iy acetiv sobd solation can he aliored based on the volume,
fermentation solobion condition and protein Cweontration I order to provide the
necessary pH adiustment upon addition of the stimuks respongive polviner, therehy
sesult i the desived polymer conveniration and sidution pHl The stmohs responsive

1.

polviner can be added in concentrations where spontansons Theoulation oo,

cwt pevier or 801 10 303 9% wi polymer,

depending s the tvpe and percent sobids, sunh that the solution becomes clomsdy and
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e, Allomnafively, the stimulag responsive polymer can be

added W conomrations where spontineons Hoooubstion does not ooy bat polyiser-

blomoleoule sssorition does ooourn, o8, Iypios

e 1y the range of (1.3

foudy or more turbad thawn the

codvmer, ansd the solution could be clear or shinh

sl

original sobiion, Also, the stinsdes resporsive polyier cten be sdded 1 coposatrations

where a mixture of spraniancons Hoovulution and poalymer-teomolonu]

a2 Adthough, wse of & stimalus s purificatiom scherae 13 more destrable

"~

voblems assoctatesd swith overdosing with the polymer, g4

i

as i case of flpcoulation procosess, 1 s contemplated that the polymers described

hevsan muay also be used ay Hocoulans,

HEHRY in an exemplary purification scheme, & stimalas responsive polymey
acoording o the prosent nvention 1 added o the coll calture afler foomentation &

cennplete and polmer is formulated 1o bind s Momelecule of derest which wnot the
destred tanpet wmoleaude, byosuch awethod, g stirnelus rasponsive polymer s added o
e ooll cubure endder g fist set of conditions, e.g., vonditions which may be adjusted

beforg, during or aller the addition of the polyroer which binds the bimoleoals of

ferest, Aoy the stimulos responsive polyroer is added under the fest set of
sondittons, ¥ stimelus is added wader @ sscondd seil of conditions, therehy genorating 8

st

)[,
o
%

presipitnte which includes the biranolscale of ooy . ONE OF more wapurihies sueh

T

as celly, cellular debris, host cell proteins, DNA, sodotoxing, and virasesy. The

For filtration, thoreby

previpitite

rosulting v a clartiied cell culboe flnid, 7

P
o
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caphre step, §

TospTIsIVe polvR

3

gocsrding to the prosend mvention, whack enabdes renwrval of oRe or mon: frapuritioy at

X

3 b

the clarification step, number of additional steps way Be reduced’ cloninated or

modifiad

REE T sotve embodimends, @ stinniius rexponsive polymer i added 1o the

157
y
[
o
o
H
.
=
P
-~
frad
b2
gt
s

cell vytlurs wadey comdiions whie the polymer Wads 3 nonsdesuls of intereat

s e the avpet mokeeoly, Afer the stimuluy respovsive polymer B well suxed at the
desired soduthan oonshitieas, @ Hocoulate which mwdudes the biomslerule of intsrest s
allowed to fm. The solid containing the binmoleculs of ttorost is wamoved by
primury clavifiostion. The resulling codl onfture thitd is collected and & stinnsdus B
applied to precipitate residual polvawr, The precipitated rosidoad prlvner is
subseguerndly removed by sevondary slarificatim, The rosultiag olarifiod coll outturn
ssdution 1a passed through a capture sley vsing & chronwtagraphy modiy o biwd tha
target molorule. I may he poasibde (o romove the rexidual polymer using the addition
of & stimoha at any of the purification steps folliawing primary clarification. Also #
miay Be possible 1o add & stmulus o remove residnal polymer 8t sy step o subl one or

more stimell omliiple thoes thrmighout the process.

In another purification scheme, s stimulus responsive polyoer s added
o the cell cultire fluid sfter formentation 1s cooplete snder condittons suitabde for the
palymer o bind ove or more opurities, such that the polymer dogs ool bind the farget
molecuie. After the stinudes responsive palvioer s well mixed uoder the desired
solution conditions, a stmulay s added whuch formy a solid precipitate with one or
maore hnpurities, The sofid precipitate I8 ronoved by contrifugtivn andior Hloation

K
i

The mesutting clartfiod cell culture solution is passed through a fler which s capable of

tandig the stimalus responsive polymer. Ong of ordinury skill in the art can readily

s
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selectidentify & Miter which can bind the stirmdax responstve polyawr. Far example, a
filler with similar properties to the Moanderule of erest which i 1o be hownd by the
pesbyier may be provided, Alternatively, 8 Giter posseesing # charged group that has
the same sharge ss the biomolecule of intered mad 3 clarge opposite that of the
yimulus fosponsive polymey may be uwed
006} Rembranes, packed bads oy filters may slso be used 1o renvwve a

ple, an apione membrane containing sulfonio agid

R

potymer from solebion. For axam

groups voatld be used o remove @ polyvimning stinudus reaponsive polvmer. Abvo, &

fitizr with binding proportios steilar to the stiudes ussd to precipitate the polyn

o

e uepd. 1Y the stimutes s & ondtivalent anton, ther pasviding a filter with o sarfacs that

{-1

costtaine muitivalent antons can remove the pelymer fronsolution. For exameple, &
membrang modified with pobyvinyhpdosphais could bind to polyamines i omeh the

same way that phospiate jons can complay with polyamings, therehy o tduce

procipitation. Alse, beads fe.g, podymethaorvlate) modified with pabyvinyipbosphate

LYY

cunld be used. In sonme sobodiments, follinving fliration of the solution with a filter

that cart remove the st responsive polymer, the resalting solution is passe
throngh # ceptare step aving @ chromatography modia to bind the twrget biomolecole, Bt
is possibdie o remove the polymer using 8 chronwtography madia, depth filter ov othey
porous material that can bind the stimulus responatve polymer, 11 s also posaible to
remove the polymer with sdyorpive mcans at o single step or more han ove o toudlipls

‘ﬂ

sieps. Further, 8 posable o rewsove the polymer via adeorptive means al any step

siter the polymer's addition © the maxture,
LT 1t is smticipated that the prosent fnvention can be used I many

varfations of the purificatione sehomes desorthed heralin The stinnles resprasive

pebvmer van be used o sabstitnte or enhance both the olarifivation and capiug steps,

i
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Fo oxample, two separate stinnilos rexponive podvmees rould be weed; the fiem

polymer which binds oue or wore umpoditiss but dors not bind the target moleculy and a

seeond polyier which binds the target wolsoule. These tws polymors coubd be applied

s
Py

in separate stepa ov 3 single step. Likewise, & single polymer could be used which has

'F

funetional groups capable of binding the warget mokeoule and a podyve

etrolyte

brskbone capable of binding cue or move Impuritiss, The single polymer conld bind

the target molecule and one o more mp

Subsoquent slution of the target woleoule o the polymer may o

X

e

i

e proviphation/stimehe addittons oo washing sieps. The simulus rosponsiv

polymor ot be sudded attor the caplure slep and used to slarify suspanded solids and

;;4,

impurities whoch reselt from vires inachivation or sther steps after the cgly

»»

ws respovaive pedemer can abo substitute for s enhance podishing steps.

{063 ] In some embodimenty, 8 vivus inactivation step {Le., exposure of
sovbution {o low pHl swfactanty or heat) s included, The sohation conshitions may be
sedusted and the sonple processed thwough & serioy of poalishing steps (e, one ov movs
ot i exchange, hydrophobic interaction, mixed mode and others), The solation may
then undergo 3 series of Slration steps, nchuding vires filtvation and wlrsfilivation o
diafiltration.

ooag] In order that the present disclosure may be more roadily sodenstand,

cortain torms ave Hestdefined, Ashlitonal defimtons sre set forth thronghont the

detatled desoription.

i Pelinitions

The term “stimoh™ or Ustioals,” a seed inkrchangeatdy horewn, is

Do

smssant o vofier to & physical or chemical change In the crvironruent which resulis in s

X3

X

send mventisg,

rspenten by & stimudus responsive polymar according ts the p
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Avcordingly, the presont inventivar provides novel polymoors which are wespomaive o a

stirpuhay and which stimwlus resubis s change in the sobubility of the polymer,

Examples of stimull 1o which sme v nuwe polymers described herebit sve responsies,

inchuds, but are not Hmyted &, 2., cha siture, Changes i oonduotvity

137

a stimulux somprises sddiion of &

ansdior changes i pHL In some ew
complexing ageoat or a complex faming salt w s senple. In vartows ernbodiments, a
stinntus i generally added after the addition of & polymer to & smple. Althoogh, e
stimnahis may alss be mlded during or before addition of a podymer 1o a swople.
(0071 The torm “polyacr” as used horen, refers o s nwdesude formad by

sovalent Hnkage of two oy mors monomer sails,. These monomer units can he synthe

ity can be Hoear o

%
o
.
,,(‘
o
s
=
..,,A
=,
b
u

pesy
oo
=
s
g
i
R
'n
4

ot

m
m
%
il
o
i
=
z

plaronics, PFOS ete). D somy embodiments avcording o the presont bvvention,

N 5 g b
iestrosyie

W

polyviners compriss § podvis copobymers,

shich may be used in the methods aceording & the present fovention, where the

I

copealyImers ang wepmwive fo a stinus, In goneral, 3t s understood that 1o case of
prsbviners, the woonsmenio wints are of the same ype, whersas, & copolvmser will usually
have difforent typey of monomeric unils,

{72} The term “stivados vespousive polymer,” as ased heroin, s 8 polymer

o

By

ot sopolymer which oxhubits a change v a physivad andor chemical propuaty after the

a~

sddition ofa stmulas, A typosd stiombus response 13 a change iy the polywmer’s

solubility. For sxample, the polymer poly{N-tsapropvisenylamide) fs wator soloble at

o

, but boromy tnealuble it water af teraperaties of abowt

rempreratures below about

ok
o
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In o partionday ombodiment, & stimnudes wepoaive polymer s podyallviamine

k3
H

o a-polyvinyismine polymer whinh s respomatve fo 3 mulitvalent fog smelus {o.g,

phenphate stimmius )

007

i
k3

ok

} The wrm “polyelsctrodvte backbong” a3 used boran, vefirs tioa carbon

ORI PO COMPrising IwWo i RS mononwric ants, whers ot lesst 30% of the

r of the winls, or at least 60% of he wnls, or at loast 63

e
i
¢

of the units, o ot foaat 75% of the units, or ol Teast 3

units, o at loast 85% of the s, or af brast 20%: of the widls, ov st k

&

iy, oontain a charped functionslity. In othey wordy, at lewt 50% of the munysmenie
anits inclode & chavged group whch Py & part of the woit. I some embodiments, a

b

podvelectrolyie backbone duseribed horotn pontains at Teast Dwis OF MO MonomsTic

units, where sach of the units condaing & charged fonctionality. In wase of the
prdvelectrolyts backbone of polyraers, i whivh sach of the nwmomsric uaits onmtains &

N

charged functionakity, such pidymuers may b referrad 1o gs refiared (o ay “oontinuam
podvelectrolytes” Exeuplary polyelectiobytes inchude, but ave not Hinllad 1o,

3

polyalivianune, polvvinyianune, polyservlic acid, polyeihvionsindne, shitussy, and

podyvinyiphosphoric acid, 1 s also contemplated that one oy mors gudities, which are

different fron the sumomere anits, may by Unked t polyelectrolyte hackbong.

{00741 The torm “hydrophotsic gronp,” as usod horen, wefors to o nunpedie
entity or chemical group, whish has itk o no affidty for water, Exemplary

hydrophoebiv groups inchide, bat aro pot Himited to, phonyd groups, tertiary byl groups,

eyetie hydrooarbons, polyovhe aliphatic hydrocarbons, padyvoystio aromatio

¥

hydroosrbons, snd short chain hydrocarbony sueh ss baxyt and votyl roups. Ina

particulay ontbodimnd, the hydrophotde group is 2 pheny! group, The hydropheshic

¢

group can abso by a non-hydrocarbon and contain heteroatonma such as nitrogey, oxygey,

32
L
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sulfur, phosphorus o, I vanous smbodiments according to the present yverntion,
stinnius respomsive padymers are provided, which congmise & pobeadectrolbyie bhackbone
having one o more hydrophobie groap sttached s s charged growp w the backbone,
Without wishung f be bound by theory, # 8 wnderstood that the nombar of hydrophobis
groups atiached o the polyelecirolyte backbone is important for alering the polymer

sububility, thereby 1o taprove the stimnhis responsiveness of the polyviner. However, #
sy be undesirable to have & sumber of hydrmphobio groups which render e polymer

wder insoldbde withogt a stiroules.

0075 The percentage of charged groups i a polyeloct o wihach

are mashfied with o hwdrophobic group & geverally referved o as “parcent hydvophatae

nuxdification” of the polymer, Accordingly, v various embodiments, the pereent

foydrophobic wodification is boportant and senges 19 o 858% o from 89 o 885

Accodingly, the percent hydrophobie modifivation way be at least |

G0 e o ek AR e ot Foonard ST per sf Loaermt AL erae s oy T
3%, o at least 4% or o Toast BH, v it Teant 6%, o af eaxd

ar at least 884, or at least 1P, or g Teast 1399, o at feast 200,

fomat 30%%, or at Tomst 359, or at ast 40, <

[Tl The torm “parcent hydrophobie modificatinn” 58 used herein generally

refors the rette of wnedifled polyelectrolyte charged groups to hydugshobie grouys

o . . o . K .

madified polvelectrolyte charged groups ay 2 porosad of the toted podyeledrolyie

monomerto gt in & pobyelectrolyie pobymer backbone.

R

T In seane endrschimeands, & hydrophoble grovp attached to g
posbvelectrolyte backbone Suarther has o charged group attached to the Byedropholne

QEYOUR, ity freen the charged wroup i the baockbone,

&
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HRTR] A ysd hvotn, the torm “alkel” geveratly refors to & siraightor
bravched hydrocarbon chan, Straight chain or manched ol fyedrocwrbos chaing

aoponnds,

refer (o any substibaed or wsubstitied sovelie cashon-contuning

wwilading, o, alkanes, alkenes and slkynes. Bxramples of alloed groups inchede b

atkyl, fir example, methyl, ethyl, npropyl, iso-propyl, o-batel, so-bonl, frtbatyl or
wo~hesyl: upper albyl, S exarapls, eheptyl, neoetyl, sso-oonyl nomyl, deeyl, and e
fikey Tower alkylene, for sxangpde, sthvlone, propvions, propylyee, batylens, butadiene,
pertene, w-bexene or iao-hoxens; and spper alkvlens, for sxanple, seheptese, a-ovtene,
Seoosoiene, nonsae, decene and the ke, An sodinary still in the st woald be faanbiar
with numerows stoaght, Lo, Hoear, ax well as branched alkel groups, which ave

socongmsasd by the prosent mvanting,

poros,

SUSAH v additton, such alkyl groups may also contain various substitunis in
which ong or more hyidrogen atoms is replaced by a Hmotiona! growgs, Examples of
functional gronps include butbot Hmited 1o, carboxylie, selfinne, plusphonie groups
mnd e ke, As used hersn, the torm “atheryl” refers tooa straight or twanchad
fordrovartiat ohain, where at least ove of (e carboecarbeon Bokages B a carbon-carbon
dooble byand.

L Ax used hevetn, the ters Maralind” refors o an alkyd grovp which s
twrrninally substiuted weith at least one arvl group.

(008

it

} Ax uaed herein, the term “aralbeny!” refirs o an alkenyl group wiich i
termanadly substituted with st lesst one aryl group.

g Asonsed hevein, the term Mardd” refery to 8 rdrocmbon ring heaving s
systom of corgupated double bouds, often conmpriving at lesst SI w (i) slostrons.

Loy

greagps nwlede, but are not Hmited to, phonyl, nuphihyl, antsyl, tobay
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JOOR3 Az used hevein, the term " Hhrwsoarbon™ rofory to a stvaight o brsimobed

zarbon ohain i which ong or mors Bydrogen atons i replaced by a fluaine group,

Stpaight chain or branched chwon Duorecarbon chatn gesemlly

sy pnsubstinged aoyelie cashow-coniaining cenpound, whsling, ©.g., alkanes, slhenes

3

sy, sopropyl

I

vebatyd, dsoebubyl, tort-butyl or iso-hexyl; uppor st for

exanple, rheptyl, s-ootvl, fswootsl, ponyl deevl, and the tke; lower atkviene, for

¥

socanple, sthyvlene, propylene, propyiyng, butvlone, butadiene, pentene, whexe

hexenes; and upper alkyleng, for exaapde, nheplune, p-ovtene, Bo-oulene, nonene

deveny snd the Tike. In goneral, s undeestood that ong or ordinary skill i the sy

1
H

wintd he famifiar with nuowrous steaigh, Lo ncar, ay wall as branched alky? groagss,
which are within the scope of the pressant invention, I addition, such sl groups may

also contain varbvns substitesnts S which o or o hydrogen or o8we o more

flunrine atmue 18 replaced by 2 functiona! g, Examples of functional groups

inchide, but are not Umited to, carbexylic, subfonte, phosphone groaps and the ke
{0841 The tenm “functinnal group,” as used heredn, I8 3 group which mupats
additional functionality 0 g polymer described horsin, To other words, @ functional

groug i # group, which i distinet from a hydrophobie group, and 8 also altached o the
polyveleotrolvie backbone, oy, to x chargad group in the hackbone, For sxvanple, in

some embodiments, 8 fimctional groug can be g Ygand Ror changing the binding

properties of the polvawer, for exsrople, carboxylio acid, salfoniv acld, sulfate, prinawy

amine, guatornary aming sod disthvlasing grovps. The funciional group can also alter
propertizs ot provide sdditional deatred propertios to the polymer such as, for example,

altering # stinwilos responae or making the polymer rasponsive b a sevond abimuhya,

Bxomplary functional groops fiw aloring stinnites response belavior mnchude, bal are
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not Tmated o, crboyylic acid groap {pH responsive}, pyridine groap {pH reapeasive}

ared Metsopropylacrylanndo group Jempsrature response

REERAS! The teem “lgand,” as used heroly, gonerally refias 0 an entity which

presvides a sponifie hinding capabiliy for another entity, Examples of "hgands”
inchude, b wre ned Timited to, ton exchangs groagps, boaffinity or Blospeoific groups,

hvdvopholdc groups, thiophilic imteraction groups, chelate or chelating groups, groaps

3

having so valled pi-pt interactions with target compmuds, hydrogen bonding groups,

STt
[0085] The term “Hoccoelation,” as ased heredn, refirs 1o the sdditon of 8
fleccoiant, such az & polymer desoribed hevety, o & sodudiin i order s roraovs oo 5w
more susperded insolable or soluble perities, The padvee vrust be sdded tathe

solution af a conventration which allows for spontaneous formation af inssluble

aggregates which csr be reroved From solution vig typmesl solid-liguid sepavation

i3

The term “eompositiony” “solutivn” o aeple)” as used horein, sefors

g mikhae of a larget wolvsals or a dexired product & be purified using one of more

stimuiis responsive pelvimery doseribed horedn along with one or move undesirable

entities or impurities, I some embodiments, the sanyde comprises feedstuek or cell

witare madia e which a target wolecnte or a desired product is seorsted. B som

&

erbodiments, the sample comprizes 8 langt muleoude {o.g., o therapsutio protein or an

srsibody } alimg with sae s e hopurities {e.g., bost coll proteie, BXNAL RNA, fynds,

3

uhture addittves, cells and collular dedwis). In some embodiments, the saopie

i

by
5
jutsrd

cennprises a farget woleoude of hdersst which i seoreted info the cell ulte wedia, In

somme sambodiments, @ sample froan which a torget nudenude 1o be purified wsing ove

(1;
‘,

or more stimdas responsive poly rifed fevein te Ppartislly purified” privr w

»
.y
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cradoting the sanple with o sthodes vesponsive pelyroer

\.

acgomphished, for example, by sabjocting the sanwyrle fo ong or more purifosiion sleps,

such as, e, oue or mons noveaiiinity chromatmraphy steps. The i

be separsied from one or yore yadesirable entitie oither by provipiating

the sre o move mpurities or by precipitating Gy target moleonks,
SEIERY: I some erpbodiments, 3 stimules reyponsive prdvie secording to the

present invention binds o # biomolzenle of tersst which fisolf is a twget modetule or

woduat {e.8., & target profein of polypepiidel, w

precipitales the target motscals under 8 second e
wof 1 sttmnhus o the sample. Inothor ambedimenty, & blomelecals of intorest i3 a
nudengle othet than a targst molecale. Iy other woeds, the hiomolerule of mtorest

hound by g stirdus yesponsive pedyasr desortbod horein may be a molecele which s

not desired o by associated with 3 target molecule m o somple. Without wishing 1o be
henod by theory, # iy contemphitad et in some embodiments, 8 stimulus responsive
potymer sccording o the present invention binuds and provipiiates one or mars of host
cell progeins, BNA, whole cells, collular debris, viruses, ondetoxing, andfor cell cullure
additives, upon the addition of a sthoulns, Accordingly, a target wolecals fog., 8 Larget

profeiin or polypeptide) condd be paified using a pedvoner described herot either by

srooipiiating the desired farget molecnls o by procipiating ome or tore wadesitable
3 b b P L

entiies {o.g., ong o mons inpaiiies) which may be present in a sample containing the
dosired farget voolesude,
{EESY The tern “precipitaty,” procipitating” oy "pracipitation,” ss wsed heveiy

refors to the alferation of @ bound (o.g., I s complny with g hiomualecnie of interset) o
unhound polymer from an agoseous mudfor saluble state W & non-aneons sndéor

msoluhle state.

[

L
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0BG The terms “omolecale of itorest, veders to sy

metesde which s boand and precypiiated by a stimuley responstve polyimer described

X

herein. For example, e omokeonle of fitessst van be a deatved targst moleonle sueh
as, for example, & desired product or pedvpeptide of inforsst (g, an anttbody), o it can

T

bo an uadesirable entiy, which needs to be removed fron & sagdle comaimng
desired target mwlecule. Sueh wndestrabde entitioy welude bot any not Enited b, fiw
exarnple, one or more impurities seloctod from host oull profein, UNA, RNA, prasein
aggrogates, coll culturs additives, vivuaes, sndotoxins, whole oulls and celiniar debris,

N

a0 | The torma “larget nudecule,”™ Margst Momedesule” Mdestred larget

fed

prorn,

molecule” and “desired et Mommlecude]” ax yaed borchangesdde horn, geveradly

X,

refer i g polypeptide or produet of intevest, which i desired to be purified vr separated
frovy ong oy mwvs undestrabde entitfes, e.g. one v nwee wpunties, which sy ba
present i a sampde contatmng the polypoptide oy product of interest. The temns
“protedn of ntersst,” Utargat polypoptide,” “potdvpepdide of terast,” and Ttargst

ar

profein,” as ased interchangeably howsin, generally refy to  thenpeatic profein oy

polypeptide, inchuding but not tmited 1o, an anttbasdy that 1 1o be purified asing
stinmilus resposive polyaer sovording to the preswd mverdiin,

00821 Az wsed heretn interchangesbiy, the s “polypeptide” or “protein,”
generally refors to poptides sad prastoing having more ther about far o eds, In
some embodiments, a stiantdus responsive pedynrer deseribed heroln fs used fo suparaie

& protetn or polypeptide from one or more undestrable sntities present 1 a swrople along

with the prototn or polypeptide. o some smbochiments, the one o move eoatities arg one

w

o rse ampurities which way be proxent s sample slong with the prveit or

3

polypepiide belog patfisd. As dsvussed, above, W sowme embodimonts, 3 simulus

x

b
H

responsive polymer described horsin sprotfically binds and precimitatos @ proton sy
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polvpeptists of nterest apon the addition of & stmufog o the sample: b other
erthodiments, 8 stimols responsies polymer deseribed horsin binds o and precipitates

o

an entity other than the profeie or polypeptide of biterest sach as, S example, host el

proteing, DINA, vivssos, whele oxdly, orfiular debris and oxil cnliore sdditives, spon the
ahlition of & sthoulus
{3} Ta seane emsbodiments, a protein or polypeptide being purified using «

stiwitus responsive podyaer desoribed horsin ts 3 manunalian protein, 240, #

therapsutiy pragely or @ protein which may be usad in therapy, Exemplary prigebs

irtude, but are not Timited to, for exampde, senm; a growth hommone, inchuding haonan
grerwth hormons and bovige growth hormone growth srmone relessing factor;
pasithyroid hormeme; thyroid stimelating honmene; hipoprotng

sssulin A-chaing tnsalin Bochain; profnselin follicle stinnulatiog hormone:; axdeitoning

fatsinizing hovmone, glocagon; clotting Bwtors such as feotor VI, factor IX tissue
fuctor, and von Willelvands factor; antischuting fectors such as Protein O atnial

satriuretic factor, lung swrfactang; @ plasminogen activisor, such as nrokinase of e

wrine or tssue-dype plasninogen solivator {4PAY; bombesin, thromabing hemopeiatio

growth factor; tamor necrosis ftor -alpha snd ~hety; eukephalinase; RANTER

X
¥

fregplated on activation novmally Toell expressed and sooreted) buman macvophage

fae

mflamroatory protein (MIP-Talpha) 2 servm albumin such as buman seram atbonan;

=

Muellerho-inhibiting sebstancs; relaxan A-chain selaxin Bchain provelaxing moase
grmadoetropineansociated peptidy; 3 micrdial protein, such as bela-lactanase; Dnase;
1gFs 8 oviotonts Tohrmphooyte asssanted antigen (CTLAY, such as UTLA S, whiln

gotiving vascalar endothehal growth factor (VEGEY, receptors for bormones o growth

factors; Frotein & or I dheepatold factors; a nevrotrophic factor sach as bomsederived

x CONET

suretrophiv fctor {BDNF), sowratrophan-3, -4, -3, o -6 (N3, N, WSS, or KT8y,

-
i¥

R
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oF @ nerve growth fhotor s GF-8. platelet-derived growth Hotor (PIIGER

fibroblast groowih factor sach ss oo FGF and S-FGE, epidermal growth factor (BGRY,

ransforming growth oty (TGF} such as TGFalpha and TOR-beta, olhnding TOF-
S TGE-82, TOF-E3, TOEM, or TOF-ES inaulin-ke growth factor-Land -1 QGE
and JOPFIY des(1-3 016G (ratn JGRA1), insubin-tke growtl Sotor binding protsans

{1IGEBPe) CD proteins such as CRI, CH4, COE, OIS CD2G, O3, and O

erythropolisting ostontnductive fhotors; inmunaoxing: a bone morphogenstic proteds

For

{BMPY, an mtorforon such g8 merfron-aipha, ~beta, and -gavwuy; codony stimulating
factors {CSFs), 2.g., MAORF, GMWUST, and GAUSF; fiterleakms {Ha, g, Bt s Tl
10, sapernxide dismutasy; T-oell receptors; surface membrave profeing desay
accelerating factor; viral mmtigen such as, for example, 8 portion of the AT enveloape;
transport protolus; hondag receptors; sddvessing regulatory protsing integrives such as
ST e, CDTH, O Ly, ODIS, an IOAM, VE A and VOAM; 2 fumor sxgootatsd

antigen such as HERZ, HERY oy HE

R4 recepton and fragments anddor vartants of am
sf the sbove-lsted polypeptides.

{00841 Further, i some snthodinunts, a protesy ar polvpeptide purified using
a smart polynwer secording 1o the prosent nvention s an autibady, functiona! fragee
or vartsad thereot. In some andodiments, » protein of tnterest iy 3 meombinant profein

comaining an Fo regon of an inmanoglobulin,

SEENY The term “mweunoglobulin,” "Iy o "antibody™ (used merchangeaddy

d

o chain strnfure consisting of

hersing refiers to 3 protein having & basie fur-polypep 4

X

tve heavy and two Hght chains, said chains being stabifized, B examyple, by tnterchain

NS0

disuifide bonds, which has the abylity to specifically bind antigen. The tomm Vsingle-

s

obidin” or “ainglechain antibody™ {u ¢ hergdn} reforg

Bain structure ronsisting of a hoavy and a Hght

=
"(4
7.( }

0 & profein having a two-polypeptide ok
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)

rebain peptide bakers, whisc

;-4,
Frgh
e

chatn, and chals belng dabdlized, for example, by

X

has the abiiity o specifically bind satipesn. The fern “domaty” vefors to o globular

region of @ heavy or Hght chan pedvpoptide cmuaprising peptide foops {e.g, comprising
3 4 peptide loops) stabilized, fir example, by Brpleated sheet antfor mtrachain

diselfide bond, Dhsnains arg further reforred to heredn as “constant™ or “variable”,
hased on the relaBive lack of sequenge varigtion within the domains of various ol
membsrs i the gase of & “vonstant” demadn, or the signiSicant variatives within the

domaing of varicus class merabers in the case of 8 “varlable”™ dernaire,. Antibody

< B

polyvpepiide “donainy™ are often reforred 1o interchangeably in the art ay anlibady

X3 W

podyvpeptide regioan”. The “constant” domaing of autibody Bt chadns ae referred to

terchangeably as “Hight chain coomstant regions”, “Haht chadn coatant domeing™, “L

&

L7 domamns, The "omwtant” dovoains of antibody heavy chatps are

R

referved (o interchangeaddy as “heavy chadn constant regions”, “heavy chatn camtant

desrnadaa”, CCHY reglons or "CHY domains, The “vaniable” domaing oof aatibody hght

chaing are reforred 1o erchanyeably ss “Hybt chain vartably regions”, “Hght cham

Lo

vartadsde domains™, "V rogions of “VL domaing. The Yvactabde”
antibody heavy chains are reforred to interchangeably a8 “heavy chain vartsble

LRI

reptons’, “heavy chain vartable domaing”™, “VH” reghses of "VH domainx.
HERS S Imnnmoglobuling o antibodins may be monnrionsl or polyclonsd and
Y ExIst I monomeris o polymnenie fiem, for example, M antiodios which exiad in

pentameric form anfor IgA antibhodiss which exist in monomerts, dinric oy

puiitimerie form,  lmnonoglobulivg or antibodior may also inchuds svudtispecific

antildios {o.g. hispacific anhbodies), and anbibody fragments s Iong ax thoy rofady, or

ave nendified 1o vomprisg, a Hgand-specific binding donam “foagraent”

&

rediry 1o 8 part or portion of an antibody or anttbody chain comprising fower amino acid
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Con aadibeady chatn ©

rosiduey than an miact or Qo

anens can b
oblatnad via chonnea! or snrymatie rostment of s Infict or complote antbody o

ant + b obtmned by recombinant means, Whan

produced reeondsnmtly, Fagmens may be expreasad alone or as piot of & larger
prein called o Dslosy prviedn, Exemplary fragments molude Fab, Feb', Flab™y2, e

andfor Fyv fragments. Exemplary fasion proteins fnclede Fo fusion prowins,

097}

¢, srcimmranoglobulin or antibody is directed ags

By important polypeptide
snd administration of the anubody 1o a manueal salfering from a disease o disorder

srdthoebies diregted

can result In @ thorapeatio bonefit in th manunsd,

~.

apaisl nonpolyvpeptide antipene (such as timor-gssoviated glyeolipd antige

Pat. Mo, 5001178 sre also contmmplated. Where (he antigen is a polypeptide, ymay
be o ransmombrane moleculy fe.g moepton) or & Hgand such as a growih Tactor,

REHS S The erm “monocional aniibody™ as wsed berern rafers fo an antibody
obtained from o populaion of substantially bomwgeneous wttbodies, Le., the dividual
antibodies conymising the population are identical exvept for possibly naturally

ovsring mmtatons that may be prasend in mingr smoanta, Monoclonal antibodies are

hughly specific, boing direoted against a sivgle antigenio site, Furthermore, i comtras

t conventional {poivelonal anBibody preparations whicl tvpleally inchude different

antibodies divected ag

e omal antibody

ix vhireg The modifier “monockmal”

against s single determinant on the anbigen
indivates the charsoter of the antibedy as being obtatued from 8 substantially

homsgencans population of anbibodies, and & not to by constroed ax requiving

Fuction of the antibody by oy particulsr method, For sovangsde, the monssclonat

anttbodios o be used in agcordance with the present nveation yoay be made by the
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vbrdoma method Hinst dosoribod by

arade by roompbinant DNA methods

antibasdion” may also be isolated from phage antibody

dexorthed n Clackson of g, Nture 382634628 (19

Gy and Marks et gl 1 Mol Biol

JELRELS9T (1991, for sxangple.

60081 Monselons! antibodies may further inclede "ehimene™ anbibodies
(mmmmsglobubing) in whicht s porttion of the heavy anddor Tight clain is idevtical with
of lusnologous 1o vorresponsding soguenoes i antibodies denived from & partivular

speries wr belonging t a partioniar antibody class ov sebelass, whale the remainder of

=S
the chatnds) 15 Wentival with or bomelogons 1o corresponding seguenees m antibodies
dertved from another species or belonging to another antibody class ov sebolasg, sy well

as fragments of such sutibodies, so ong as Gy sxhibst the dexind biologieal activity

{LLE. Fat No. 4,816,557, and Moz et al, Proe, Matl Acad. Sot USA SLAHRIT-68355

T The term “hypervanable reglon” when used bevein refsrs o th

acid residues of an anubody which are resporailde for antigen-binding.
hypervariable reglon comprises amino aoid residees from & “omplomerndanty
determining region”™ or “CDRY (Lo, residues 24-34 (11}, 30-56 (1.2 and 8887 (L33 in
the Hght chadn varisble domatn and 3135 (HIY, 30-65 (M) and 85102 (M2 inthe
heavy chadn vartable donwing Kabat of al, Sequencss of Protetns of Impmnedogieal
Intevest, 3% Bd. Public Health Service, Natimal Institutes of Hualily, Bothosds, Ml
{1991y smdior those residoes from a “hypervariable foop™ {Le. residees 26-32 {11}, 56-
S2 (L2 and 9195 (1L3) dnthe Tight chain vanable doman and 26-32 (MY S305(H2}

ard B6- 10T (M) in the bosvy chabn vartabls doanaan; Chothie and Lesk L Mol Bud,

e
Fo
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PO 0T 7 (1887, "Framowssk” or “TRT reatduees are those varable doman
rosishies siher than the hyvpervariable regron vestdues as hevetn defined,
{EL LY “Humanized” forms of son-human {o.g., numine) autibodies are
chivaeric antbodiss which contain nontmal sequenee devived from ponluanan
wnnmnoghdmiin, For the most peet, homanived antibodiss sre human borunsglobehns

1

{revipient smitbody} tn which hyporvarisbie region residuey of the reviplent are replaced
by hypervarfable regon residues from a non-hunan species (dosor antibody) such as
mose, 1y, rabbit or nonduroan privasie baving the destred specilicity, alflimty, and
capanity. To some frstances, Py frwnework region (PR} rosidass of the haman
irnunagiobulin are roplaced by corresponding venvtusman residues, Farthenmors,
humanized snttbodiss mey comprise reeidues whoch are not found In the veoipment

antibody or in the donor antibody. These mudificabions mre mads w0 Bothey refine

angthody performence, T govers!, the Tumunieed autibody will comprise subatantially

.
ooy

all of ot lenst one, and typecally tweo, varisble domainy, i which all or sulastantially

of the hypervariable foops corpespond o thoss of & non-hoaman wenupoghsbndin and alt

<

ar substantially ol of the FR rogivess are those o 2 haman tavamoglobulin sequens
The hrnanized sntthody spstionaily slso will coenprise at bast a portion of an

& g

mnmsmogiohdin constant reglon {(Fel, typically that of s hunpan inununsglobulin. For

further delatly, see hmes et ob, Nature 321522535 (1986, Kiechmann e al |, Nature
s > 5 2 1

332323338 (1988Y; and Presta, Curr, Op. Struct. Broll 20893-586 (199

Ll

fo01o2d In soms cmbodiments, an anibody wiuch i separdded o paertlied using

s stimuhes responsive pelymer acconding to the prosent invention is » thempautio

antthody, Bxemplary therapsutie antibodies tnohads, for oxanyple, imsturanab
{HERCEFTIN, Genentecly, Inc,, Cartor of o (19582} Proe. Natl, Acad, Sci LiRA,
ERAZRI-4280 11N, Pat, No 5,725 8363 ant-UD20 sntibodies yaeh as chimeric ant-

Ao
P8



WO 2011/146394 PCT/US2011/036648
D20 NIRRT UL Pat Mo 3738, 1371 vitontnad (RITUX AN, oovelivumal, a

chimeris or humanized varissd of the 2H7 antthody (11N Pat, No. 5,721,188, W0

S4OSH3 1) or tositumoniab {BEXXAR. ™ gni-lL-8 {81 Johw ot o (18933 Chen,

HELRA2, wud WO S523865 ), ant-VEGY antibodies npleding humanized andiw

sffintly malored b VEGE antibodies sook s the humanized att-VEGE mutib

>

heAd.6.1 bovacizanab (AVASTINT (enentech, Ine., Kinr et o {1993} Growth

Fagtors 758344, WO 86730046, WO W8 b anti-PRCA antihodies (WO 0140308,
aut-CMO anttbodies, including SIOH snd hamanived variants thereol (WO 073348,

ant-UD1 e (LS Pat Wo 5,622,700, WO SR I376 1 Steppe st al (1981} Transplant

el 3T Howrmant ot al {1994) Transplostation 38377380 anti-IghB (Prosta et ol

{1993 1 Immaned, 180,2633-3033, WO 18y ami-UDHR ULS, Pat. No.

L

SO22, 7T WO 9F 2082 anp-dgh, moluding B35 E26 and B27 (UG, Pag. N

LLE Fat N 3091313, WO SYO4 T TR Pall No. 5,714, 335),; ante-Apo-
2 recspior antibody (W0 $4781793 Y anti- TRP-aiphs aytibodies tnohsding o A2
(RENMICADETG CDFST and MAR-TES (UR, Pat. Mo 3,672,347, Lovene of al {18}
I hmnamed, 136041 1646-1653; Dhabvant ot o (1995 Crit, Care Mad. 23{931

T46%Y anti-Tissue Factor (TF) (BP0 420 927 B1); anti-hunan alpha 4 bets 7 integrin

(WO $06248 - BOFR, ohinerirad v honanized 225 antibody (WO 8¢

N

sd-UI3 anttbodiss such as GETI (UL Pat Moo 4,515,893 ant-CDIS or anti-tae

S Pat. No.

3.683,763Y anti-CDd mutibodies soch as the oM-T4 2 stibsdy {Choy ot al (1998}

2 antibodies sush as CAMPATH-IH

Yo% anti-(l
{Riachmana of ;2‘§ 4 n‘ﬁ Natare 332:323. 3'_’5}?’}; anfi-Fo reos Doy ang ibhodivs such as the
22 antibody directed agsinst Fo gromma RY as v Gragtane et al (1995) 1 Immanal,

PES(10 1 4000- 3002, sntlcaminoembrvonty antigen (CBAY antibodies sush as hMN-14

I~
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suppih FR380-504 85 anvbodies dirscisd

’}‘3

{Sharkey of o {1995} Canosy Res, 35{E30

e’

agatnat breast spitholial colls weluding baBel-3, bu-Me ¥ sod CHLS {Coviand ot al

{1095} Canoer Res, S5{AIN3R326-5856s; and Richmar of ol {1993} Cancer Res. §52

Supph SH16:-59205); antibodies that bind 1o colom carcinoma colls sueh as U343

{Latton of al (1996 Bur 1 Inonunol, 3600 19 antt-CIN38 antibodies, o.g. AT T3S

v Weg

.

Fureic of al {1995} Cancer Res

.,

ant-CRIL antibodivs such as LLI
5523 Sopply 589839075 anti-BpUAM antibodies such as I7-1A {PAROREXMY,
anti-Gplb/iHa antibodive such as sbotximab or ¢7EY Pab (REGPROM | anti-R8Y
antibodics such as MEDESOZ (SYNAGIEMY ant- UMY antibodies sach as
PROTOVIR™Y ant-HIV attbodies such as PROSY; anti-hepatits antibodies sach
the anti-Hep B aadibady OSTAVIR™ anti-CA 138 wtibody OvaBex; anti-idiotypie
(U3 epitope sntthody BECZ; antialpbe v betad antibody VITANXINTY, anti-buman
renal cell carcinoms sutibody sech as eh-O280 ING-E anti-bumey 1714 antibody
{IG22W ALY, anti-Buman colorselal tamor sntibody {A33); antt-humen melanoma
antihody K24 dirscted against GD3 gangboside; anti-lupnan squamous-celf cananoma

W23 and antiGlunona eokoovie antigen (HEAY antibodies such as Soart HIE and

the anti-HELA DR antihody Oneolym (Lym-1L

' ANaae™

A2 IR

LU The tors “contaniing,” ity sl Tdebris.” as used

oraign s objoctionalde matorial, ncloding #

o
<)

iferchangsably hevein, refer o any |

biologica! voseromolecule such ag 3 DNAL an RNA, one or muare host cell posteins

HOPs or CHOPg), endotoxing, vivuses, liptds and one or more sslditives which may be
1y

prosent it a sample contatrang @ proteln of polypeptide of interest {o.g., s wibw

»,1
v

heing separated from one oy movs of the foreign or objectionabls wolecules vsing a
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stivdes reeponsive polvay secording to the prosud invention. I soms

exponsive potvmer desoribed bersin binds and precipitate
protein or polypeptide of ntorset fvan 2 swraple contaming the protein or polypeptide of

apurities. o other erobodiment

j

nterest and (w0 s

& stinuhia responsive

polver desoribed horetn bingds and prosipin T T DRAE Bnparitiss, they

separate the polypepiide or protein of tdurest from one oF morg ynpuniies.

£

HEGIE The terms “chinese hamster ovary coll protemy™ and "CHOP.” as ased

mferchangeably hevedn, vefer to 3 mixture of host vell proweins CHOPY
Chinesss haster ovary CCHOT cell caltare, The HOP or CHE

. - svced ¥ ornng Siv e ey
harvested ol culbwe Ruid

as an bypertly froa oell cobure w

comptaining o proteit of pefpeptd

exprosand 1 3 CHO well). Generally, the amonnt of CHOP present i a suixfure

congrising a profou st provides g messare of the degree of purity for S

protein of inborest, Typioally, the amount of CHOP In a protedy sixiyre 18 oxprovsed

X

parts por milloe relative o the amount of the protetn of inderest iy the mixtane

[O0105] I is understood that where the host cell s mesther mamumalian ool

type, an B ook, & voast cell) an msect coll, or a plist cell, HOP refiors o the peateins,

aiher than trget profein, found 1o a tysate of the host cell

Y

01061 The term Yool cultyre additive,” as used bere

1, which 18 added fo 8 vell vulbire process tnder o

{e.g.. 2 no-wotein addity
faoilitate or dygwove the cell calture or formentation process, In sonme enbodiments

a

according tr the prosent fnvention, a stimnlus reaponsive polymer, as desoribe

od hereln,

v one of more coll oulture additivea, ¢ sall eulitre

Dineds avd ot

additives inctade ani-Fomn agents, antiblofion, dyss and nutviests,

P
pr s
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S

AT The terms “pacts per it o “ppm as wsed ntershangeably heretn,
vefirs o measurs of purity of 3 destrad target wolecule {o.g. o rget protein or
antibody) purified using @ stoades responsive polyaser desoribed haretne Accordingly,
this measure can be wead aither (o gaugs the amowt of a arget msdecude prosent after
the purification process o i mmuge the amwunt of an wndesired entity. In some
embodiments, the units “ppot” are used horeln B refer to the amourt of o npority ma
sodution, e.g., HOP or CHOP, in sanogramsfmiithier of protom of imterast in
witlignama’militfiter (., CHOP ppros{CBOY ng/ml¥{protein of interost mginl.
When the profeins are deied (.., by Ivophilization), ppotrefors tx {CHOP ng¥{protem
of interest mghh

sl The ters Peolating,” “pertfyving™ and Maeparating,” are vsed

interchangeshiy heveln, In the oostext of purifying 8 terpst woleenle (e, # polypephde

s protein of intersst) fron 3 componition or sunple vomprising the target molecule and

one oF maore impurities, using 3 stmudus responsive pedvier desoribed heveln, In some

i

gmbuodients, the degree of purity of the target moleoule n o sample 18 weressed by

romwving {complalsly or partially) sae or mewe freparities Som the swoaple by asing s
stimuhis responsive polymet, o8 doseribed herein,, In ansther ontbodivunt, the degree

of parity of the targset molscale in @ smmple ts tnoressed by pregipiating the brget

v from one of mow Enpurities in the sample,

mustecule awg
JIREIOS] In some embodimonts, 3 partfication process additionadly employs oo
or mote “ghromatography stegs” Typreally, these steps may be carried out, I
necessary, afier the scparstion of & tavget molscule from one or more undesired entities
using # siinndus responsive podymet secrding o the pressnd ipvention,

RE S In some embodiments, & “purifioation siep” 1o fecdate, separate or

using a stinnidus resprmatve polvow

iy 1 polypeptide v protein of intorest

3%
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desorthed heveiry may be part of an vverd! purifiontion process rexoliing na

(2 e

“homogensous” or Vpurg” compodition of sample, which o iy

7

3 ey S o TP
s heredn o refir o

o

& composiiion or ssimpde comprising leas than 100 ppm HUTP 0 8 conposition
comyprising the profein of toterest, alternatively lose than 5 ppoy, foas than 80 ppam, huss
than 70 pys, lees than 60 pyen, lesy tha 50 ppm, loss than &40 ppy, Toss than 3¢ pma,
Teas than 20 ppm, less thary 10 ppam, Toes than § ppr, o less than 3 ppm of BOP,

jO011E] The terrn “clarification step,” ay waed heredn, genorally refors o one or

maors tmtial steps in the purifiestion of ronuderydes, The clanfication sty g

comprises removal of cells audor cellular dedrls using one o more steps including any
of the following alone or varime condanations thereof, e g, contrifigativa and depth
filfration, provipilation, Hoccolation and setthing, Chanfication step poserally mvedves
the rermoval of one or wore undesirable ertities and & fypically parformad prior to &

step evolving capture of the desived twget molecude. Avother key mspect of

X

.

clarification is the romesval of sohible and bnohilvde components in a sample which migy
tater on vesalt inthe frading of » stevile fHlter in 8 purification wocesy, therehy making
the overall parification procuss more coonontical. In some embodiments, the preagut

tnvention provides an improveeent aver the conventional clartfeation steps commonly

used i vartous paniBieation sohemes, 3¢ demonstrated by reduced turbidity Impurities

anst higher throughput of dowmastream §lters, deseribed in the Examples herain

{01121 The term “chronwisgraphy,” ay used hevein, refors to any kind of

technigque which ssparatos an analyte of interost {o.g., a target wolscak) frowm other
molecules present in 3 wikhwe. Useally, the anadvte of nerest is separated from other
madecudes as g reanlt of difforences fn wales at which the individual molecudes of the

muxture wigrate Swough & stationary medium under the inflvence of & moving phase, ov

m bind and chite proosexes,

48
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o013 The term Pchrenstogrsphy reatn” o “chromatography media” are used
futerchangsably herein and refer ts any kingd of phase fo.g., & solid phase} which

separates an anabvie of intevest {o.g. # farget voleouks) fnn other msdenude

sviwtere, Usually, the analvie of uterost is sopavatad fivn other nudoruies as g reenlt

of differencey in raies &t which e mdividual modesules of the mnctum nugeate theough

# sttionary sobd phase under the mfhiencs of a mrving phase, or o bingd and ohute

processes. Examples of various types of clvomustopraply modia include, fur example,

cation exchinge restns, affinty rosim, andon exchange resive, anion oxvhangs
menmhranes, hydrophobly Sidersction rosing arad jon sxchange monssitha,
1001141 The torm “eapiwre stop” &5 used herein, generally refers 1o a method

ussd Yor binding o target moleonh: with & sttmulus rosponsive padvmer sy a

o

chromalography rosin, which results in g solid plase contatning & precipiiate of the

target moleouk and the polymer or resin, Typiealhy, the target molecule 38

o

od psing an elution siop, which renwrves the target molsoude from

‘&QN*\{ #ont §\ TRCIIVEE
it phase, theredy resulting in the soparation of the teget modecule from one o

maore Inpuriiies. In varins embodiments, the caplure step savvbe comdicted using a

chresnmtogtaphy madia, such as & resin, merobrane ov mwwoith, or 8 pedymer, such

stinnulus respumsive polymer, polveleatodvte or polywoer which binds the farget

-

srberule.
HEI RN The tever Vsalt,” as used berein, refers to g compound formed by the

ieraction of an scid and @ hase, Various salls which may bewsed tn various bufiors

emploved in the methods desoribed berew wolude, but are ot timised to, acetal {ng.
sodiunt soetate), citrste (e, sodiom olfrate), chdosids (eg., sodivm chloridel, sulphate

{o.40, sodiam selphate), or a potassiant sal

s
A
ord
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[X3

i The torms “malitvalerst 8 o "nultbvatent on,” as wesed
iterchungeably hoveln, rofors & compound which contains more than owe charge ora

chargs contaning groug. Bsone ambodiments, a nusltivalent salt is ased as a stimahes

which seaults in changng the solubiliny af s polymer responsive & e salt stimdas,

wanally resslting in precipitating the polvoer s of solation. Exemplary wmubivalent

Red

sals which niay be ased tnclude, fre oxanyde, phosphate and sulfik
socompassed by the prexent inventist are counter bms which may be uased such ag, for
example, oitrate. A sltivalent salt, when used g stirouhis as deseribed herein, may be

¥
oE

added a3 8 stad alove reagent f a samplo containing & biomalevule of nterest along

with s stiveudes rexponsive polvmer. Allomatively, the sslt may be attachaed o a

subsirate, ©.g., @ memdwane, Ina partioular ombodiment, & menthrane & modified with

wlttvalenm salt containing polyoer coating. &

%

5 a shinnduy, #s desoribed hevedy, ts considerad leas detrimental 1o

prvie e other stimmd soch as temperaturs and pil

{0117}

ents, mudtivalent salts are capable of intevacting with
one o more ohtitics, therehy to fom an associnted species or congdex. Acsordingly,

¥

such salts may also be referrad o as “complex formang salix

{oonpley Sndng salis and thelr resubtant congplexss are multivalent cations such as
P g

Cu” anst their compleses with the carboxotic aoid groups fanad in

sthylencdianunoteinmostsie; mutivalent mons sach as phoap

T
3F
23

et (PO and citrate
and their complexes with primary ananes fad i polvaliyvivmine; and o-associating
salts vk #s perchiovate, dodecyd sullite and dodenyt benvane sulfonste and the
commpleves with primary anunes found n polyalivlanune.

+*

{001 IE] An “ion-wmsociating salt” s a enivalent {oation or aniag, bulky and

chevge-dispersad salt In some smbodiments, an won-assoviating sall used as s

o
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stimthis which results o changing the solubility of a polymer respansive 1o the saly
sttrutlus, thereby resulting in precipitating the polymer out of soltton. Sxemplary ton-

N

masoctating sails which may be wsed nclads, for example, porcldorate, dodeoy! saliate,

3

dudeoy! benrens sulfonate, tetraphony! boraty and hexanmtrodiphienel anune.
118 The torm “solvent,” as ased heroln, gonerally refors 10 Thpic

Pet

sable of dissolving or dispersing ong o mroet other sebsianees & provide a

o
o9
f=3
e
by
&
~
poc
v
m,

sedation, Solvents include agueons and crganie selvents, where welid oy suabvonis

nehuds & won-pdar solvent, othanol, wethanel, isopropannd, acetoniinie, baxylne

glvesd, propylene glyool, and 2,2thiodighysel.

o

UG NaE The term “plT e ¥

HARRN

P

jsosdenivie poit” of 3 polvpeptide, s5 used
intsrchangenhly heretn, rofers to the pH s wihich e polypeptide’s positive chargs
balances e pegative charge. pl ooy be calvulsted o the net charge of the amino acid
residucy o stadie acld residhuss of attachud parbediydrates of the polypeptide o can be
determinad by soslecinie focosing,

HEH 2 This iovention s forther dlusteated by the folliwing examples which
shoatdd ned be constraed m Hmiting. The contents of all references, patenis and
pubiished patent apphicativas oited throughot this apphoation, as well as e Figures,

are incorporated herewn by referencs.

Exsmple v Preparstion of unclarified Nov-expressing Cell Culture Flaid (COF)

(00130 I @ reprosentative experiment, oolls derfved from & non-oxprossing

Chinese Hamster Ovary GOHOT coll Bing were grov i g 104 bloreactr (New

RBranswiok Scientific) ts a densiy of 10x10° el
ey was spiked to 2 concentraton of 1.3 L T

e
Sk
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B ogholl using an BLISA (COypmes FCMSL The pH ot e

&Y o

ars was pH 72

Frample 2 Syathesdy sf 8 sthuudus responsive pelvimer comprisiag g
pulvelectrelvie backbone modified with s hvdraphebie grasp

23 It a roprescutative experiment, 8 stimulus respansive polyme

iy

selyaliviamipe (BaMPAA}

[y B'i; 3 3}:: a8

-

khroe modified with a hydrophobis growgs

>

wis syvighesized. A polymer comprising » cationie palyelectrolyte backbone modified
with a hivdrophobis gremp was synthesized using & mixtere of 103 g of 409 wi finear

P,

polvalivianing OOTTORO, 13 ED), 2 ¢ of Hilduny hydrsxide and 20 mll of 50%
water/methanod, wiich was stirved ot well mived. & sodution of 2.1 mi of hewd
chioride v 15 mb of mathano! was added o the polymer solution. The resulting
migture was heated s 60 %0 for 14 hours, The bennyt modified polyaliviamine was

precipitated ot thy end of the reaction pariod 23 a result of thermodyvnami

inconpatibility with the solvent. The previpitate was washod with 30md. of sestone and

X

redissolved in 400k of 1M acotie ackd. The polyowt was Tarther punified by

ke

Exmuple 31 Preparstion of g selution of honavl modified polvalivaming

BeMPAA winy prepared by dissoly

(% sohiion of
polymer from Example 2 in 80g of 1M acetio aoid with continuons agitation af room

wmperabis f 16 hours, The resudiing viscoos sobaton was stightly hazy.

Example &0 Use of ditfirent onnventrations of benavi modified prdvalivaming
{RMEPAAY o darifiention of 2 nen-expressing exll enliure fluid

.i.\.;‘“\;;(-,-}
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GRS RzMPAA frony Bxample 3 was added inamounts of 25, 0.3, 04
and 1.5¢ to a Sl sample of the welaniBed colf calture fhord (CCFY from BExanple L

H N ~

The ssmples were mixad at oont mperabog G 2 mivutes. Sivee polymer addibon

reduced the pH to g range of pH 4.5 1 25, the pH o the myixtwres were adjusted using
W ris base o s pH of 7. To the resalting solabion, 8.3y of potassium phosphate

¥

dibasie was added n order o precipitate the polymer-sarget moleounks, call and celi
debris complex. The precipilaty, in the oy of o dispersed solid susponsion was mixed
continuoushy T five minmtes, The precipiiate was then onlisoted vir coninfugation
(4000 rpan for | mingte). The supernatant from sach sampde wag then filterad through

£ 2am Drrapore® filter, The resulling puriffvation s detatted 1 Tabhe { below.

Exampie & Use of differsut pH values in the clarificstion of son-exprossing LCF
with BaMPaa

{1261 HaMPAA from Exsoople 3 was added to fow ssonples (0.4 sacly
conaining Sk of the unclarifed eell culture Hhad from Exaople 1 The samples worg

mixed s o lompersiure for 3 nunates, Siace polymer addition reduced the pHto a

range ol pH 4.5 10 5.4, the ph ol the mixteres were adjssted using 38 Tris basg to pHs

af 8.5, 6.5 7.5 and 8.5, respoctively. To the resulting solution, 0.043g of potassiam
phosphaty dibasie was added tnorder to precipiiate the polymer-targel molecule, sell

sid coll debwis complex. The prectpitate, whish was i the fornt of a dis

suspenaion, was nixed oontinusnaly for Besoinotes, The precipitat was then

'.14/

vollroted via comtrifngation (000 rpry for 1 mbuttel, The supernabao from csch

sample wis then flered through & 0. 2en Tarapore® filter. The revalting purification

oy

is dotatied in Table 1 below, which describes BeMPAA purificanion of spived non-

expressing {HO CCF,

Tabls 1.

A
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Example 60 Assovipg for the purity levels resuliing from the wse sl BeMPAA In
the clarifiestion sf CCF

Pron

R Sanpes fronn Exswople 4 and Bxample § wvere sasayed for 1gG
reonvery ustug sn affity Protein & anadyticat HPLC msay. The lovel of 190 i
solition was altermively measwrad using av analytival Protein A cohwnn, Specifically,
a Pors A20 Protein A cohonn (Applied Bivayatims} was equilituated with PRS,
eluted with 8. 1M tysine {pH 23 and cleaned with 60 guanidine HCL An IgG standard
surve was created using s serdes of varying ijestion valumes of prlyolonal IgG

ped <

{Seracary). Samples were injected and Ig( ronconteations determingd frovn the standar

(128 Samplss from Exanple 4 and Example § ware assavesd for host cell
prsiets (HOPY wsing a comamroial enzyme-tinked tmmunosorbent sesay (HLIBA kY

\

{Cvenus Technologies e, Suthport, N0, Oygnue & CMOIS). Samples from
Example 4 and Bxamply § were also sswryed fin DNA axing a standard pioo green

assyy and Herring sperm DNA a8 a standavd.

Exaople 7t Prapsratinn of unclarified Cell Culture Fludd (0CE)

fO0129] Colls derived Do an gxpressing {hinsss Hamster Ovary (UH0-

LG44 s ool g wors givrwn ina 101 blorsactor (New Branswick Selentificitoa
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Jenstty of 10x10 wiahitity, Monoclons! antibody

{MADRY ey was detorntined 1o be Q8 . The Teved of host cell protsins CHOPY was

fo’,

found to by 200,000 pg/ml wuing an BELISA sssay (Cygmos 8 3G BLISAY ThopHof

the welarified ool eolture wan pH 8 8.

Exampls 8 Svathesis of 20% beagyl modified polvalivhonine (B:MPAA)

1001308 10g of polyallylemine (PAA)Y (Nittobo, 150 kD, 4% widwi) was

placed i a 10 mL rownd bols flaak and a solution of 3. 34g of sediva hyshosd
{1.2 By por muonomsar) 1o 28mL FhO was added tn small amounts at room tongemture
unstor magnetio sirring. The benwyd chlovide (1.38g, 1. 23mE) was then adided at onee,

1

stivved for fow minutes at rven tomperatore then heated to $0P0 overnight S 17 howrs,

ipitation, The preciptiated pobymer was washed with water and
subsequendly stirrad 1o TM agueons AcOH solutton {40mL) anud conyprlete

sohiilization fs achoeved, The sohstion was then diuied with H:O s firal vohime of

A080md. {196 pedenigy solution), potassium dibasic phosphaty (RGHPOSy (3a8g) was
added under sitrring and pH of the solution was adjusted 1o about 8.8 1o precipitate the

modified polvomy, The polymer was collected by Gilleation over a fiitled fimpel snd
finally dried overnight in g vacuam sven overnight at 806870

Example & Svathesis ol 40% bowyd npuatified pobvaibviamine (BeMEPAAY

HENERE:

Gemedh

g of pobvalbvlomine (PAAY INIttdee, 130 kDY 4096 wiiwty was

placed ina 100 mL rovnd bottom Hask and 5 solution of 334 of sodnim hydroxids

{1.2 Bg. por myawaner} in 33wl FaO es added at v tomperture ender magnetie

stiveing and b smad! anvvnege, Beneyl chforide (330 2.00mL) was thon added, stirred

for fow munuies af room emperaime and then bogted to 60
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1 was then conded fo room femypersie and solvent s romoved reselting In
polymer precipitationt. The provipilated polymer was washed with water and stived in
PR aguesas Aof3H sedution (0mL) entl complate sohdibzation iy achieesd. The
solution ways thon difuted with B0 1o 8 Anal volume of 400wb (1% polymer solutiony,
potassivn dibasico phospiate (KoHPOS) (3.48g) 15 added under sturing and pH of the

Ry &

solution was adjusted 1o pH 6.8 o previpitate the maodified pobvmer, The polymer was

solledted hy Altvation over g Bited funnel and finally deied overnight 1o a vacuum oven

Qe

overmight &t 33-60°C

Example 10 Syvothests ol 60% benayl modified pelvalbvlanine (BediPAAS

{32 Hig of polyaliviamine (BAAY INTTTORO, 133 k1 40% wiiwt) wis
plaved in g 100 mi round boltom Hlask and a sohation of 3.34g of sodivm bydroride
{1.2 Eg. per nmwsner) i 25mL B was adided st room teroperatury under magnetic
stirring and in svall mnounts. Benzyl ohbwride {3,235, .34y was thon added aml

stivred for faw minoles @ roon lonpersture and sulssquently boated w0 6070 svemnigh

r,»
Py
By

~

for 17 hours. The reaction was then cooled o rxan fomperatuss and solvent was
removed. The prociptated podvirer was washed with water then stired fn 1M agusosns
AcOH solution ($mLy unt! compivie solubibization is actueved. The solubion wis
then diluted with 10 o o Haal volume of 400od. (1% podvier solutiony, potassiam
dibasic phosphate (KGHPOY (3 48g) 18 added ander strving and pH of the sohution was
adjasted o pH 6.8 1o procipitaty the wmodiied polymar, The polymer was collectad by
filtration sver a frifted funnel and Snally dried overnight in a vacoum oven overnight at

SOEEC,

Example 11 Svothesis of diphenyh meodificd polvallviamine (RPRMEPA A}

‘/

s
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{0133 T s oxamplary experiment, & pobvelectroivie podvmer backboms,

pobvaliviaming, was modified with g dipheny! gronp. Beiefly, 10g of polyaiivianmne

-
ropt.
N
po
-~
o,
P
oo
e
=
ey
s
7
Z
[
¢ 1)

3 KD %% witSwt Y was placed g 100wl roand bottoan flimk and

x sofation of 3. Mg of sodim hydroxide {12 Eg, per mowomern) fn 2wl B0 wadded

at room femporature under magnenie stiming 1 small mnoants, The chlorohiphonyt

=

methane {3.68g, mi} way sahsequenthy added, strved for fvw nunelss af room

tempetatore then hegted & 60°C overnight for 17 hours. The reaction was subsequently

‘{

ailowed (o cool 1 room femmperaturs and the sobvent was rsmowsd. The precipitated

potyimer was washed with witer and stired fn M aqueoss A solotion ($0mi)

The remaining white solid, generated by hydrabyais of the diphenyl chliromethane, was

X

fillored cut. The solution was subsequently diluted with Hof to a final volume of
460k {19 polymer salufiong, potassinn dibasie phosphate (GHPOS Y 48y wax
added under stiveing and pH of the sohation iy adjusisd 1o pH 6.8 to previpitate the

modifted polymer. The polymer was collsotad by Blation over a fitted funnel and

iiﬁii‘ cidried ov Li""kﬁ!ﬁ 1N VEOUGITL OVEH OVER

Example 12:  Svathesis of 6% dichlorobenzyl modified polvalbvlaming (RUIBMPAXY

S

{34 {1t aomsthor expeviment, 10y of polyalblamine (BAAY (NTTTORG, 158
K3 409 wihw ), was placed in a Hihwl roond bottom fask and 8 solutis of 334 of
aodinm hydroxids (1.2 Bg. por monoroer) n 23l of Hat i added o weun tomperature
gnder magnetic stvving and inosmall wmounts, L 4-THehorshenzy! eblonde {1.71g,

120l ) wae subsequently added and the mixhee sttrred 8 room fenpersture overnipht

for 17 hours, The reaction mixture was subseguently dileisd with of Hal, after

which pH iy adfosted G noutral {ph 7.0} with phospheric acid. The precipitated

polymer was filiorsd out, washad with HaO sud drjed 1o 2 vacean oven avernight at
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S The pelvimer was colfeetad by fltration over 2 iitted faweland finadly doed

overmight In a vaannh gven svernight 8 36807

Example 13 Svriheshs of 18% dichlorabeusyd suelified pabvallvisenine (HOHBaMBAN)

HEEKNY fry another representaties sxporiment, 1S dichlorobonay! mudified
postyalbviaring svas synthesized as follows, 3g polvallviamine (PAAY (NITTOBG, 1538

ED 9 wiAwty was phaced 1o a TO0 s waosd bottony flash and o solotion of 168g of
sodinm hyshaside (1.3 Ba. pey monomer) i $0ml 536738 002 dinwthaxyvethane

{OMEY was addad at room temperature tadsy magnetio stivciing sl i small amonnds,

Lo

I A-dichloroberuy chlovide (8,87, G 40w} was sobsepiently sdded, stivmd B fow

wHHHes 8 norn tenperatare and then heabd to 6070 nveraight for 21 howrs, The

%
b3

reaotion wis subseguantly allvwsd (s conl 1o s tomporature, DME was remsoved

FEC and then the romaining solvent iy remaved, The provipiiatad

under vacuum at Hh
polymer was washed with watey swd then stered i 1M agquess AcfOH solution {3mb)
wiett! complete solobilization is achieved. The solopon was then diluted with Qo a

final vodume of 200nd. (1% polvimer sodation), potassium dihasic phwsphate (KHPO)

{1.74g) was added wnder stirving and pH of the solution wax adesiosd fo pH 6.8

pracipiiats the modified polymer, The polymer was colle Wration over a fiifled
funnet and finally dried overnight i a vacuam oven s S50

Example 14 Syathesis of 33% ehiorabenzyl medified polvaiivismine {BUIBAMPAL

{60136] {n another representative oxperigend, 3 33% chlorobenzy! maodified
pabvallviomine was syrghesived as follows, 5g polyvallyvioming (PAAINITTORG, 150
R 4% wiiw) was placed tn s U mll round botban Hask and s solation of 334z of

sodiam hydweside (1.3 Bg. por mononer) in Shall S50 1RO 2 dimethoxvethans

(DMEY wan added st ran lompensiure under magnetio stirnng and fn small mnounts.

P

L
Pl
e
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d-chlmobenzyt ohloride {1 48g) was subseguently added, stirred S fow mibugtes at
roont femperaie and then hested to 6070 svernhght fiw 21 hours. The next day, DME
wis ovaporatad wader vacwum #t 6370 and the romaining sobvent was separatad from

¢ precipitated polymer, This latter was washed with water then stirred i 1M aqueous
AcOH solution Q0mL} wtl complde solobilization fs sohived, The sobatton was

< ~

subsequently dihted with HzO to o faal volome of 200mU (1% polymer solution),

N

peiassinny dibaste phosphats (KGHPCG 740 was added under stirring snd ol of the

sefution is adissted o pH 7 to precipiaie the pavitled pebymsr. The polymer was
rollsoted by filivation over & fritted fonne! aad fiaally deed overnight s g vsovum &t

A0-60°C,

Example 150 Svathesis of 13% phenvi-hemav mundifled pudvaliviandne (BOIBMPAAS

{rv gnether experineat 13% phenvl-bensy! modified polysiiylandne

was syathesized as follows. 4.7 of polyalivianune (PAAY (Nittuho, 150 kB, 40%

wi ALY was placed i a 100 mi round botiom fask and 3 sobstion of 3,34 of sadivan

bvdroxtde {1.2 Bq pey monesner) in 40md. 330 1RO 2 dimsthoxyethane (DME}
way sdded a1 iy tomperaie wirdey maguebo stivring dnd b anall amounta, 4.

phenvibenzy! ohloride (1g) was then added and the mixture hegted overnight g1 35°C

for 30 hours. The reachion was subsequently alfowed 1o cool t roont temperaturg
DM was removed ender vactam &t 60T and the remaining solvent was removed

from the precipitated polymer, This Iatler was washed with wabey then stirmed dn 1M

agueons AcOH solution {($0mb} overmmght {0 complete the solubilization. The soluton

was subsoquently dihuted oith Ha03 o a fral volume of 200mL (1% polymer solutiony,
potassivm dibasie phosphate (KHPOG {1.74) waa added ender stiring snd pH ol the

aodution was adjusted o pH 78 v order W previpitate the purified polveer. The

L7
e
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podviner was sollected by Bltvation vy g fritted funnel and finally deied overnightn s

vacuum al 36.80°C.

Example 16 Svithesizn ol 37% sheuvi-benzyl modified

polvalliviambne (BOIRAMPAAY

fO0138Y I anther oxperiment, 37% phenybbenzy mnditied polyaliviamiv
was syibhesized as follows, 2.8g polvallviamine (PAAY (Nottabe, 150 kI 40% widwi]

pas placed fir 100 mb round bottom Dlask and a solution of 3 Mg of sodiam

v oanamer) w Jdl 8OGSO HO0 2 dimethoxyethans {DY
was added st room terpperature undey miageetic stirving and o small ameants, 4
Shenzy! chiorhde (1) was subseguently added and the mixtare was hested al 35°C
overnght for 20 hours, 'The resction was subseguantly allowed o cool to roum
temparature, DME was removest under vaouum at 68-70°C and the remaining solvent
was removed from the procipitated polyoer. This latter was washed with water then
stirved in 1M aqueous AN sohution (32ml) and stizred overmught {o complete the
srdubilizatinn, The solution was sebsequently difuted with HhO to g fingd volume of
200mL (1% pabymer sohation}, potassium dibasie phosphate (GHPODG) (1,743 was
addest under stbrring and p¥ of the soletion wis adjusted o pH 7.0 W proolpsiate the
purified polymer. The polymer was sollvcted by Gltration sver a fitted Buel and
S-G0°C.

froally dvied overvaght in s vaguum af 3086

Example 17 Clarification of CCF with different polviner concentvaiions

{OGEAG I an exomplary experime, stimulus responsive pobymers, dese
above in Bramples 8-16, were ovelued for sharification of CCF, preparation of wiuch

)

in desortbed above 1n Exa oA polymer sobution Fom Examples 316 was added

i amonns of .25, .3z, Gdg and 0.5z © & Sml sample of the enclaritied vell vuliure

fhad, The samples wire ovved af room umperabire for 2 pinutes, Sines pobymer

14
3
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addition yeduced the pH to @ range of pH A5 8.5, the ol of the mixtpes wers
sdfuantod waing M Tris base to s pHof 7. To the resulting solution, 8.043g of

pestassium plosphate dilasic was added in ovdor o procipiiate the polymer-target

moksculy, cell and coll debris comnplex. The prewipiiate, m the form of g dispersed solid

suspension, was nared contbnsly for five nunutes. The provipiiate was then
collected via cxntrifigation (000 rpm for § mimate). The supematant from each
svnple was subsoquently fillorsd theough o 82 Durapore® filter, The resulting

Exsmple 18 Clarification ol COF with padviners gt differsng pH

UG T4G] In another experiowsg, a polymer solution fven Examples 816 was
added to four ssmoples {04y sach) comtadning Sml of the unclarified cell vultive Hluid,

as doseribed jy Exangde 7. The sangpddes were mixed ot mom temperaturs fur 2

mimates, Sipee polymer addition veduced the pH o a range of pH 4.5 10 5.3

8, the pH ot

the minbores were g

Ia

todd using IM Tris base tr pHs of 5.5, 6.5 7.5

. -

respectively, To the resultimg sodutiony, B.043g of g

potassiam phosphate d8
sededed i onder o precipiate the polymer-target molecule, coll snd well debris complex,
The procipiiate, in the foom of o dispersesd solid susponsion, was mixed contivuoasly for
five nonntes. The precipiiate was then collovtert via contrifhgation (3000 rpm for }

mingis) The supermatant from oach ssmiple was subseguenily fillered through 2 0 2pm

Dugapore® filisr. The resulting purifioation is desoribed in Table &

Example 1% Clurilication of COF using polvairs regustve tn difforent levels of
multivalent oo stimuius

{EHEI N {u avother experiront, polymers deseribed in Examples 8415 ware

svaluated for the elarification of COF, using difforont anwamts of puifthvalent ion
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viors froen Exampdes 513 wa

stivuins. Specifivaliy, po

addod o four samples (0.

cach} comtaining Smd. of the waclarified celf enltwre ok, desoribed 1 Example 7. The
samiples wers nuved at room pmperaties B 2 mintes. Sincs pobymer addivion
reduced the pH 1o s vange of pH 4.5 to 8.5, the ol of the mixtures were adiusted using

&

I Tris base to pHs of 5.5, 6.5 7.5 and 8.3, rexpentively. T the meaiting sobstton, a

R

range from (031 @ {30 o HE b finad plrephate concentration} of patassium
phosphaty dibasic was added f ordor to precipitate the polymer-trget mlecule, coll

amd ool ded

The pravipiiaty, in the form of 3 dispersad solid suspension,
wiss mived contirmenasly for fles mingtes. The precipiate was subsequently collected
via ventrifugation (4000 rp for | minute}. The supernatant S each sample was

then filtered theough 8 8.3 w0 Durapore® fiter. The resulting purtfioation is described

Example 28 Clavificgthn of CCF using 8 commonty used Hocenian

HH0142) I anether experbnent, 8 conunondy used Hoovuland, olutosan, was asad
for the clarification of CCOF, i an altempt to pevendde companative dabt. A polymer
sadution {2 wih) was wads sooeding to the provedure deseribe m Riske, ¥ etal
Jounmt of Riotechnology, 128 (20071 B13-823, The polymer solution was added 4
CLF frons Bxample 7 in varving stounts snd 8 varying pH conditions, Mo stinndus
was psed with this polymer. The resuliing porification iz deseribed i Tabde

Example 21 Eyvalogton of poarity levels fnfloswing precipitatiog of COF using
stimulus responsve polymery

[O0143] In a reprosentative expotimens, podymuers deseribed i Examplos 8-18
were assavod for RgQ recoviny using an affinity Profain A analytical HPLC asaxy. The

fevel of To(d in solution way allematively swasured using an analvtioal Prowin A

sohumt A Foros A20 Projelre A cobhann (Apphied Blayysioms) was aguililnated with

3+
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FRE, shuted with (L1M Dysine (pH 23 and chaned with 68 guanidhne UL An 1gl
standdand carve wis created using 3 sovies of varving tjortion volumes of polvelmal
I9G Sorsosre}. Samyples were fjected and g6 conventrations determined from the
Mandast curve, Samples from Bxamples 8216 were assaved host coll protenss {HUE)
using a commoreial cryme-linked imnamovorbent asay {(ELISAY ki (Cypmus
Technudogios Ing, Southport, N.O, Cygans € 3G} Samples from Bxamplos 16 weors
assayest for TA wsing o standard ploo green assay and Hemuog sperm DA as a

stavdard. To gesess the reduotion of colls and vell debaiy, the nutadity was measured

after vontrifugtion for 1 numse a1 4000 spm

Table 3. Charavterization Data for Examples 8216 and 30,

Polviner | Muoltivalem e are Igfy | HOP HNA
Exsmple {‘f}m, Halt Cons, 3,?,33}9{'}{;%3: Remuﬂ Removal | Rumoval
{19} (i} pH (NI ' T
5 0.4 T 73 26.7 33
8 Y ) 73 33 ReTTTTRS 3
R 4.8 : 63 114 W o 87
8 O S S 5 T S S S S TR B
8 8.8 63 RS 7 67 235
8 4.8 &3 &% &3 {& TG G0
R 4.8 63 35 TS G 57
0 a4 73 22 83 G
g ? .6 73 2.5 a8 1 XX SN
9 R 3.3 &l 87 B
““““““““ g 10 33 p X3 N g0
G 0.8 &2 &3 74 o 0 G
5 a8 a3 8.5 £ 58 ST By
I+ 0.8 &2 34 34 87 %32 {7
B 84 it T8 5.1 34 R 33
16 a6 7 V3 48 24 o0 G
0 4.8 a2 75 S8 24 3 ~ 89
1 D) &2 7.8 1.8 H 23 NN

L2
LM
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13 G8 62 33 .8 &4 - GG
4 4.8 38 T3 75 43 5 RN
14 3.8 50 &8 & 5

14 4.4 0 33 8.0
3 0.4 e T8 38

15 08 ) 73 1X

1% 0.8 §2 78 37

- T - 73 s
a8 62 3.3 TR 77

5 0¥ PSR ) ¥ &7 = 0
15 1.8 63 33 24 0 i SV
i 0.8 S O 53 BT 88 NS
3.6 &G &.5 .3 <0 & > UG
1.4 30 5% 7 - 100 &3 = 09

(& 04 i 77 > U
1 8.5 B 73 5.5 3 1 SR
14 8.8 6 i G 7 - 100 83 > U
1% X 82 7.8 194 24 = G
16 4.8 &3 £.8 G - 10 84 S
16 0% 82 6.8 36 N 24 > 0
1 4.8 63 X3 4.3 54 85 G
th D8 30 7.8 7.2 & Ry =
15 8.6 50 8.5 41 3 §3 BN
16 &4 50 43 2.4 88 89 > 09
5 — - - o i . W

34 {13 & 8.8 &3 4

20 & 8.5 K 24

g 4.8 & 5.3 IR0 &3 a3 3%

Example 220 Synthesis of benzel modified polveibicienchming (BeMPED

OOT44] In avothsr sxperiment, & berey! nustified polvethylonsindae stiouhis

responaive polymer was syuthesized as follews, H0g PRU{ANReh, 3

wiiwiy s planed ina 1K ml round bottern Sask and & solution of ~ 3 3dg of sodium

fvdroxide (1.2 B, pey monorer in 25mb HiO iy added at room temperature undey

Ly
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magneho stivring and in omall avvamts, Bewyd chlords {330, 2.09mb) s then sdded

stivvesd for fow mimitey at room temperatury snd then hossed overrdght a8 80°C for 17

g

hours, The reaction iv then allowed to cool tr roont emperatire aptd the soivent &
removed, The preciptated polvmer i washed with wnter then stirred In 1M agusows
AsH solotion (3t L) wmtl coanplety solphilication s achieved, The sohution i
sabseguently dituted with HaC o a finat vedunw of 400od. (1% polymer solution),

1
N

HHPOG) (34807 s sdded undor stming and pH ofithe

potsssiinn dibasic phosphats €
sohutton iy adinsted o pH & ¥ o precipiiate te modified polymer, The polymer iy
colfected by Rltration over & fntied fione! and finglly deied overnight o a vacuunt oven

o

st SOWHYTL

£

Exgmgde 23 Svothesis of beuyl modified polyvhuviaming (BedBVAY

R

g # representitive sxanysle, a benzyl modiffed podyeinyiamne was

oy X

syuthesized as fnllows, 32g of Polyivinviangne} {PVAY hvdrochionde (VW 83,300

Al Products and Chondesds Ine t was weighed it s glass contaimer. Add 20Gml B0

1

and add 26 509 MaQ¥ and stiv antil well mixed, Add 33 3¢ benzyl ohliride and mix

by £

at T S 16hrs. A solid white mass separates Trom supernatant i the reaction

rogresses. Alkow solid 1o seitle and discird supernating by decanting. Dissadve
i 380mi. of 3% Acetic Actd overtgght. ASS 3admL of HO and mix for 1ot uatl
solutine s homogenous, Thhae up 03 136 wiv sedution by bringing the total volame
gp to 320 with delonteed (1) HaDL Add sedinm phosplate to 8 voncentmation of
SimM i eder 1o tutiate precipiiation of the polymer. Add 1M NaOH torosch a pi of
&%, providing additional polvmer precipitation, Filter to dry sake and discard

supernatant. Dey solid overmight at T Dissolvy tn 345 acotie acid wmil a

hompgenons solution is genersted i order o make & 5% wiv xolution.

Example 24 Comparison of moedified and snmodified polymer s dlavification
in presence of stimuhs

bW 43
P
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alfvanmime {PAA, Nittobo, 130 Iy, 409% wided) o

§
i

o s ¢

3z-MPAAY weore adided 10 an aquesus soit

srtration of §2%hwt and §.4

polvmer ¢
phosphats win veed as a xtaulas and way added io the polymer selution
Example 10 in varving muounts and the wrbidity and neture of the aggr

was recorded. The results ave shoown m Table 3 balow,

Tahie 3

§ ¢} T e
M3 LN OIYTIY

, respeotvely, Poaserum hydrogen

via of PAA and

sgates formed

.o’

Sthnulus gt h g - .
. . . g Purbidity Nature of
Polymer {mdd Potassinm Hwdropen SN .
4 i o ® {HTEY Sggregaie
Phowphaled
CFAA 24 21 i E v {No “,-
PAA 4.7 3 j"s‘s ﬁ\
FaA & 33 iTe
234 187 41.2 i
PAX 373 182 Tirhid
PAA TR 764 Mitky { Qoo
PAA 150 760 iy {}gsum
xample 10 Ny
2.4 i Chewe (No ﬁ‘ssm
{RaMPAXS
Exanpke 18 - “ o
S 4.7 2 fear {Nn Agwy
(BaMPAK i Uleas {0 Agg
8 S
) Q.33 4
2. 3 Clear {(No 8g
373 28 ar (Mo Aggl
T8 238 Lagm Agurosaies
158 33

Exampie 3% Comperison of modified and ynppalified polvimer v clariication in

presnce of 3 sitmalus

[a0147) Unnodified polymen polvalivandne {(BAA, Mittobo, |

N

wifwt), polvethylencimine (PEE Aldrieh, T30 kD 30%

whAwt ), polyvs

SO Ty 40%,

oyl aming

{Pobv{vinylamine} {(PYAY hydvochlonids, MW 83,508, A Poahicts and Chemienls Inc}
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soncentration of G.2% and {4
phasphsie {1 8w}
sodutions a

yesniig

Ta

1/146394

bie 4

nd the

Ry

Wik uend as #

are shown i Table 4,

{BaMPVA) were added to an squeoas
Yo by waghy, re

¢ shimuiuy and w

3 polymers frien Examples 10 (Ba-MPAA} Example

spectivedy,

sodution

Pogasaiam

PCT/US2011/036648

sRis A& §

I2{BeMPED and

hyshogen

s added o vach of 8.48% pobymer

turbichiy and natore of'the ayregates form

i The

3 AT LRI YO
od was recordes

Polviner

Stimulug
{Potesshm
Hydrogen
Phosphate}

Taurbidity

hefnrs
Stinnsins
T

Tarhidity
after

Mgture of
Ageregste
after
Stimuluy

Turbidity
after
Centrifuge

ENTLY

PS03 ah 4l >
P30 mM 2.3 >
150 mM {5 =
samplie & . .

P30 M iR

BaMPASYy b

Example 1R o -

§ g‘,ﬁ;z : LSO M 54

B } regates
. > OO .
{580 mM 12 ) 12,

Example 26

JOOT48)

il af &

srrcting hyvdroxads

-

’% *miseaix s}f iwwms;e actl and ter-hatvl madified pobvaliviamine

{Ip}

was precipitated as @ Tyedrated el

wdroxide solution a

aiveidyl vther

HE

1wt Hnesr polvmer polvialiviamimeX

The mixhure was 1o

The mixtire was subsegquently reacted for

polymer soliution was purified by extonsive 4

water wsing L8 kda molecy

Har weight ©

349 g of S-Dromohexanoty soid was dlasolvad i a sohution comprising

A0 Reda, NITTOBO and 30 mi

I mixed with 10 mi methana! comtabies

Cansd the prodact
ol tithiam

ag 3.5 ot of e byl

The

¥ sgainst deionizad (0}

The fingl concentration of
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the pobemer solofon was T3 wi¥, & schematic of the synthesis rosction is showy

helow in Figure 2

Example 270 Effect of sodiem ehlovide on the muliivalent stimutus of
hesanaic acld and prebutvl modified pelvalivismdse (HU
mmp AAY when disselved i Tris buiter

1001441 S8 pl of HO-BaMPAA from Example 36 was a

mh Sodivn phospliate contairndug 8, (.15 or 0.5 M sodinm chloride. Plnal pH of 8w

solition was 11,6, The sohution was titrated with 38 acetic acid, and the vwbsdity of
the solution was recovrded after each additionr, As dephotad in Figure 3, by adding
sodimn chloride v addition w sodin phosphaty, & change o pH responsivenass, at

g

which the phase transitisn ocours, was observed,

Example 38 Clarificstion of COF using the polvarer HOGCBaMPAA st dilferent
polviner concemiratinns

{01 501 i a representative sxponimsnt, wnslanfied CCF wa

potymer avoording to the proscut mvention as ollows. 17, 336, or 334 gl of HOw-

HuMPAA from BExamphe 36 was added & Sad of an-vlarified ool enliore thad from

Hxmnple b eontaining 38 mM sodiom phosphate and astjusted to pid 8.7 asing 25 gl of

)\im,\ 3

sacid, Adfter the addition of the polvmer, final pH of the solution: was tirsted
to 7.2 peing 3M scetie acid, thereby precipiinting the polymer-vells compley

HUURIY The precipiiate, in the formy of a dispersesd solid suspension, ws mived
continsously for another 5 ming The precipitate was then collected by coutrifugation
{30080 rpne for § avind and the supernatant was Hltored theough a 8.2 Darapore®
filter, Regardloss of the concentyation of the palymer uxad, the procesy resulied n HHES
Mab ravervary,

Exampde 2% Svivthesis of polvvinvismine (PY A sthoulus responsive polyveagr
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from monomer

{00152 A& stinnilus resporsive pobvmsy conaprissd of wepest wmts contaimng
primary mmines was vynthesized from & monower as follows, 183 g of delordzed waler

and 22.5 gof NeovinyHormmamide (NVFHSIGMAALDRICH, 98%) et i g 250

el round hastom fask The Sask was canipped with 8 magnei

dipstivk. The solnton was stirred and purgad with N & 0.3 luaws ollowsd by bosting

Y

- K3ty

e 4% U0 over e adeitional 0.3 hours with continuous purging, Intdator solution wiag
s \t

preparsd by adding 0288 of 227 Azodas{ 2-aandinoprgane khibyvdroobloride {ABAR)

{Aldrioh} to Hhmb of defonized water and dissodved. T the 230 mi round bottom

",‘i?

task the mitigor solution was added under Nj stmosphere. The solunon was bested ot
2500 for | her, followed by heating 8t 65 °C for 2 hours, further follonwed by beating
a1 75 7C for 1 hour with vigorous stirring under niirogen. & viscous, Domogenous

sofution was obtained and allowad to ool fo room temperature. The viscosity was

determined by Brookfield Viscostty DV-HF Pos Visocometat {suiting 1 REM, 43%
torque, spindle #34) The viscosity of the rosulting solution was 278350 contipoiae
{ePy The solution was transforrad to 3 300 mi Hesk o ditated with 230 vl of Hyd

;\

and 40 g of 309 NaOH was added with sturing. The sobuion was heated at B3 7°C for 8

hours
{00153 % stall sarnple was tosted for sensifivity to & phosphate stionlus by
adding & drop of T molar soadivny phaspbate 1o the hydrolyzed polymer and obssry

white solid preciptiate from the salution spon addition of the }:ﬁzmpiwim ion, Tothe

oedrolyred podvir soluting, 33% HOT was added drop wiag, wntit o pHl ol areind 3

‘,

was reavhed, The solefion was stivred vigorousty overnight and s bomoganous yellow

soduiions way obtained. To that solution, HE ol of 4 modar NaH was added with

stirring along with 300 mi bsopragryt aloshed, The pobyomsr wis solated by addition of

peal
3



WO 2011/14639%4 PCT/US2011/036648

i
i3

HG mb of ¥ mwday sodiany phosphate and the solid way vacsum flwrod and washed

with detonized watsr, The solid prbymer was dried over night 1o a vaconm oven at 63
The parbially dry pobemer was frozen with Haobd nirogen ansd ground toa fine
-~ - - Z - ! N

-

povweder aned forther deied g vaouem oven at 6% 70 G 24 howrs, Finally, 0.7 g offa

dry powder wis reoovered mmd dissolved in 1 molar acxtio scid t a sl concentration

{001 341 Ap overvisw of the poldvvinylamineg synthesis process s depicted in
Figure 4.

Example 38 Syathesis of 8 sevies of hvdrophobically modified pobvvinylagtine
PV AL stimdi responsive pelviners

0155 Liatiy the PYA synthesized foen Example 29, tieee separate

fydropdsnoally mediiied malt respasive polymers were produced g5 follows, Hi

e S
RIR

mi of the 5% PVA sohstion from Exaraply 29 was placed o esch of three 300 mi glass

fars and lbeded jenx 1) 3, and 3. To gach of the twee jars, HME g of 4 molary NaOH way

added with ettrring. Next, 33 g of -propanel was sdded to sach jav av g oesnbvent and

e soluttons wers stireesd, follrsed by the additon of 674 g, 147 ¢ and 294 gof

 chboride w dars 1, 4, and 3, respectively, The three jars wers basted a8 807°C for

weeiated Froms the iehividual reaction

w

10 fwarrs, The resuliing polymers were saedy

sohutions by bringlag the vohene of the rescton solution & 300 b with delontzed

watsr, adiisting the pH o 8 with 25% HCOL and adding 8 g of T molar sediom

e

phyaphate, Upon addition of the phosphate ton, a solid precipniate was collected vin

vacuum lrationn The solid from each reaction was individually washed with detonized

.,/
st

i3

ka2

water and diesobvad into 300 mib. of 1 wolar acetic asdd, The polymer was fa

purifted by adiusting the individual solubions 1o pH 7 4, prooiniating the podvmer with

£

srop wise addition of 2 modar sodient phosphate, Bltering the resalting solids, washung

fag
Lot
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thee xobids with water, follorwed Bsopropyt aloobol, and deyrg 1o s vacvum oven st 83 710

»»

i 2 days. Bsch ssrophe of dised polyioer wags frozen with Houd mitrngen and grovad o
g fiwe powder, The ronss of deied pobemer reoovered was 144, 312, and 247 g S jars

L& and Sp vehy, The tndividua! polymen were each dissolved 1o make 2 293
R b N 2 o

By

sofution in | molar acetie send,

Exasmpie 31 Deprotection of supbues vin bydrolbvsis of 3 very hish molccular

waight
palviNovinylasetamidel o prsducs o pdvvinviamine (PVA) stimall
respeasive pdvmer
00136} i another excmplary axpermant, a very high mwderuliy weight
sihmulus rosponsive polymer was prepared as folliews, Very high molecutar weight
polymer genwrally refers to a polymer having & wolesular weight equal s groatss than
FOMK D,
{0137 A stimull rosponstee polymsr compriacd of repest units Coaiinng

primary anvines was prepaved as follows, Ina 2 fiter glass jar 40 g of pahyiN-

vinvlacetamidelinear hoanopolymey {(PFOLY S&CHN Fwith an avoragy

msecidar waight of 4,060 kDa was dissobved nto 0.8 liter of detonized water by
vigorous stirving for 16 hours, To this solution, 140 g of voncenteated HU was added
with contingous stitving over § hesr. The jar was Hehdly capped and the solation was
heated 3o 96 °C for § days with intermitient rotation 1o mix the soluBon. Afler § davs of
hexsting, the solation was allowsd o cool to roont temperaturs snd the total volume was
sedjusted 1o 4 Hers with detonized water, The solution was sdjustosd to pH 7T with 8
molar N with vigoreas stiving, The hvdrolyzed product was pracipatated with

drap wise addition of 2 molar sodium phosphate wti! na further procipitate was

phserverd, The white procipiate way washed with delrmized seater and pressed to

sy wis dviesd i 8 vaoum oven at 65 °C for

TEMOVE exooss water, The recovers

d poly
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2 days. The dried polymsy was Howen with Hgudd nitrogen and grovnd to a fine

sufubion wie mude by dissolving the

powder, The recrvered dry mass was 435 g A Y
sdriad powdey i 1 molar acelie acid aond GLO8% HOL The resulting solutivar wa
compared 68 2% solutioat of starting materad (polyévinlavetamide)-Haesr

homopolymer} for responss b & phosphate oy cirate stimel. This was perforned by

drop wise sddivon of 3 molar sodinny phosphate or 8.2 msdar sechiom oiteate 1o 30 a

samples of both the starting matorial and the rexaliing hydeudyz
EEIEREY The vesulting hydrolyzed polymer precipitated 1o & white mass with the
seddition of phosphate or cilvate tony while thy sohution of starting material had no

previpiats upon drop wise addiion «f phosphate or oltraie {ons, thersby indivating that

the starting material ¥ not reaponsive stimmuhis {o.g., 3 multivalont anion saclas
phosphate or cifrste}, while the very high nudeculay wolght polymer synthesized, 43

desertbed in this Example, ¥ resfwamsive 1o @ stivagdes (g, xommdivalend anbon such as
phoaphate or eitrate}.

SRR Flgure § depioty 3 provess for deprotention of polyamine podyeer,
thorehy resulting W the formatim of @ stivmilus mesponsive Polyvinvlamine (PV AL
Examnpde 32: Synthesis of 2 hydrophobically modificd polvyvinviamine {PVA}

stimnl respunsive polvowr based on g depratected podvil-
vinviacetamids)

{30 TS0 Liatng the PVA obtained from deprotected 4,060 kD pobvN-

vinslacetamide)-Hnear hovsopobmeer froen Bxarople 31 very bigh nwdovular weight

hydrophobically modified stinudt responsive polvimer was preparad 3 follows,

{0161} 100 g of 2 2% sohution of deprotected 4,068 kDa poly{l~
vivplscotanude) was plag s 10 g of 4 mobe MaliH wag
added W sdjust to pH o apprescimately 130 Mext, 20 g of Dpropand was added 1o the

jar as 8 cresobvent. Fingdly, G588 g of beasy! ohlovide was sdded and the jar was eapped.

&3>
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o

The rwacthion was beated a8 &C for 3 hours with vigorous shabking, After ¥ hoars, the

s

reactisn mixiure was copted 1o room femperatun and the prodoet wis precipiiated with
anetme and subsequently eollestsd. The reselitng sslidy wire washad with delodzed
witter, followed by Bopropyl alcabol, and were drisd n o vacoum oven at 6370 fir 2
days. The dry solids were grouad o & 8ne powder and the final doy mass of polymsy
sollected wis 144 g A 2% aolution was made by dissulving the dried powder into |

auslar acette sobd and GOR% HOL The yesulting solution was tewted for sensitivity fo g
multtvalent lon stivnlue by drop wise addition of 2 molar sodium phosphate or 0.3
mular sodbure citvate B Sl samples of 5% polymer sodutions. Lipon additon of the
phosphaste or oitrate fony 2 white precipitate s obsorvid, thereby tndivativg that the
pOlyTHeT Wi TSPOTsive o & multivalent anton stinnidas,

RELEOS Figure & provides s schomatic of the synthesis process deseribed du this
Exsnple.

Frample 33 Svuthesis of 2 stimdus responstve vinvieming  vipvibutviether
copalvmer {Vace-VBEY

USSRy 1 another exporinend, a stinnhes responsive copolymey was prepared,

Iy

which had ong of the srmomeric units incladed s hydrophobie group.

{064} A stinndus responsive polymer comprised of repeat unils containing

privury amines and itylether wis syathestzed from monomery as follows, § g of

ootane, 2.5 g of Bprn-83 (SIGMA), 16 g of MeviyHomamide (NVEALDRICH,

8GRy, § wod N-butylvinvlether (RIGMAY, and 30 g of detonized water was plas
250 yal. round bottom Hask. The Hask was squipped with 3 magasdis sticrer and a 1§
dipatick, The sohuti was stirred snd purged with My for | howr s the temperatiry was

ereased to 3870

&6
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{0165 fitiator sofotion was prepaved by adding 0.316 g of 2.3 Azelis(2-
smidinopropane jdihydroctdonids (ARAF) (ALDRECH) 0 10 mb. of duiontved watey

arl dissodved, The mittator aohstion was charged to the 250 andl roand hattom Hask

hoated 3¢ 8570 fir 1 bour, oHowed by heating at 80°C for 1 hour, Serther Slbwved by
)

heating st 76 °C for 1 hour wd follinwved by heating ot 807C By 1 fwar, with vigorous

stivring with conttnuons wiirogen purging. This revulted i a bwa phase solution with &

viscous gel laver on the bottesm, The top layer was decanted and discarded. Tothe

e

bottomy layer, 3l of dotonived water was added and 20 g of 30% NaOH was added

reaes stirring. The solution was heated st E0°C Sy § hours, After 8 hours, the

with vig

sohstion was removed from heat and allowed to cond o rovr tereperaturs. The volome
was ioreassd to 2 Lo with deleenzsd water, The produet wis isolatad by dropwise
addition of 2 molay sodimn phosphate, resulting v a lrge white precipiate. The

precipitate was collected by decanting the supsraatant wond the precipitie was washed

with detonized water. The wolated polymer was dissodved in 380 ml doinnbaed waler,

HE g acotie acid, and 2 g concentrated HOL The resulting solution was tosted for

$.5

sensitivity to g nudiivalont jon stinadus by drop wise addition of 2 molar sodiam
phosphate or 8.2 molar soshium otirate to Sial samples of .39 polymer solutions,
Upon addition of the phosphate or clivats Jons a white precipifate way ssheerved, therel
indicating that the pobvmer was responsive o a multivalent anton stinnifos

1001661 Figure 7 depiets a schematio of the reaction desoribed in this Exanygde.
This sxamgpde domonsteates that copoivimers confaining an amine of charged

functionad ity copolvinerized with a nedrophobic monower are responstve 1o a

i
o]
i'/

Example 3 Svathesicood very high molecular weighi polvvinvlamine (FY 4

&7
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stbmniny respansdve pelymer from XVF monemer vig Bovsase
2IRY
ssfvinerization

HEHAT] & shinmlus responstve polyvur comprised of repoat anits oontaiving
primary apunes was syithesizad from & monomer as follows, 30 g ollmtane, 2.5 pof
Rpure S (SHGMAY 16 g of NovinyHormanide (VEXALDRICH, 98%), and 30 gof
detonivad water was placed in g 250 mL roond bottom fhak, The Hask was oguipped
with 3 magnetic sttrrer and a My diptick. The soletion was stivred and parged with )

for 1 hour as 1he omponture was inoreassd to 38O Inftiatr sohition was prepared by

adding 0.24 g of 2,3 Azobis{Z-amidivopropane iiihydrochloride {(ABAF} (ALDRIC

16 20 wmlk of detonized water and dissolving. The inibator solution was charged i thy

236 mib round bottom fask contatning the resclion sobstion under pitrogen purged

atmyogphiere. The sohution was hested fo 607 fv 2 hours, follswed by hosting to 78
for § howy with vigorous stirring with contirous nitrogen purging. & fwo phase

aohetion tesulty with s viscose gel Taver on the bottom. The tog laver i sheosnted and

disearded. To the bottom layer 300 mi of Jdelonized water ty added and 48 g of 809
2208 s added with vigorous stirring. The ssdotion was hewied to 80°C for 16 hows.
After 16 honsrs the solution was revnoved front heat and allowed fo cool 0 roony
temperatire. The volunmie was inovsased to 1 L with detonired water, The product was
wobited by drop wise addition of T wwdar sodium phosphate resalting o a loge white
precipitsie. The precipitady waz collected by devanting the supsroatantand the
precipiaty was washed with deionized water and siaked i isopropyt slechol for 2

hours and finally washed agatn with detonized water, The resalting solid mass was

dricst in a vacaen oven at 65 °C for 3 days, The dried polymer was froen with Hoguid

-~

nirogen and ground {0 a fine powder and further drtad for 1 day. The reselting mass o

£

the dry powder wis 218 g A 3% solution was muade by shasobving the dried powder

5%
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fite |omalay acetic acid snd GLO8Y HOL The resoliing soletion was tested for sevsitivity
1o o mulivalent o stimudag by drop wise addition of 2 molar sodven phosphate w 8.2
msdar soslinm olinte fo Stk samyples of T4 polywoer sedutions, Upon addiion of the

vhosphate or ciirale jons & white precipilate is obeerved

1

Example 3% Svnthesis of 8 high meleoudar welght hydropbobically modified

polvy imiammﬁ (VAL stimuius responsive polvmer

[G0168] Lising a solution of Lupamin 3093 (lincar polyvinylaning, average

MW = 34 kDa, 20 % solids, pH T-8) obtived from BASE, a hydrophobizally

mdified sthaslus rosponsive polyner was produced as fallows, 300 g of Lagnoun

*

GUUS Gapproximately 80 g of polyvinylamine) seas added 0 8 2 Iiler glass jan, Naxt, 40

F

o

g ud MaOH pelbsis and 5300 mil of delonized water wers dissolved and added o the jar
Thas was followed by the addition of 360 mi {2 -dinmethoxyvethane (SIGMA as a ¢
sorbvent snd the solution way stivred vigsrnusly until honwgenony. Nuxt, 1708 g beaayl
eidorids {AUROS ORGANICR, 99%%) was added o the reaction jar with string. The
seefution: was hoated to 6070 fiv 18 hours with mmagaetic stirring. The ssdution was
subssquently allowed 1o cool by room fmperaturs and transferved to 8 3 Hter beaker.

ey

Next, 15300 mb of detonivad water was added with stirring, The pH wis adiusted to 5
with glacial scetic acid, The product was precipitated with slow addition of 288 ml.
molar sodhan phosphats and the solid was onllectad and washed with detonized sater,
REUISH The polvmar was furthey purified by the following sethod, The sl
wits disseived i 2 Hiter of 1 molar acetie acid with stirring. The gal voboee was
broaght i 1Q Hiers with delonized water and the pH s sdfusted o ¥ with drop wise
addition of 50% NaOH. The product was precipiatad with addizon 800 g of 2 moly

sothium phosphate, The solid was tsoluted vig vacuuny fltration and washed with

detonived water, The rosalting sodid mass was deied i a vacnnm aven at 83°C for 3

6y
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days. The dried polymer was frocon with Hquid nitvogen and ground to 2 fine powder
and further dried for T day, The mesulting mass of the dey powder wan 46 g0 A senall

sample was dissobved i 1 weodar CORCOOD D00 acid and THANMB spesinn wer

obtained, which are deopietad in Figuee B, The "H-NME peaks were integrated and the

ansount of bemyt impodiffoation was didermined tobe 18 %,

Exsople 35 288 g scale svuthesic of 3 hvdropbebleaily moadificd polvalivianine
based stimulus regponaive polvmey

01N I o oxemphary experiment desoribed bersin, i was dowmonstrased that

the polvmers dexortbed herein could be manuf

stared on 3 bevgs acals,

(og

HUBH Lising 4 solution of Polvallvamine {PAA NITTORQG, 183G kD,
wiAwl, a hydrophobisally modified stimulos resporaive polymier was producad as
follows, SO0 g of Pobvallvaming (PAR, RITTORG, 150 kB 405 wiifwt)
{approximately 2 g of polvallvlamine} was added 1o o 4 fiter glass jre, Nexy, B g of
Nal¥i pellets and 1HE mi of detonived water wers dissohved and added to the jav
Followad by the addition of 1000 mb 1 2-dimethoxyethane (SIGMAY as & co-sobvant
and the solation was stivrest vigorousty wntl] homogenons. Next, 14 g of berayd
chlorids (ACRODE ORGAMICS, 99%:) was added o the reactioe jar. Tho solution wag
heated at 60 °C for 16 hors with magnetic stirming, The solution was sllowsd fo vosl o
room fomperature ansd transferred do 5 10 Her beaker

Ry Mext, 1000 mb of deiomized water was added with stircbag and a sticky
sostisd mrasy precipitanied oot of sofution. The produst was fucther precipitated with show
addiion of 200 ml. ¥ meolwr sodhan phosphate and the solid was collonted snd washed
with dejonized water. The polyvewr was fucther parified by the folfowing method, The
solid wis dissobved in 3 Hier of | solar acetie soid vith stirvdng, The sotal volume wag

broaght 1o 10 Hers with detonized water snd the pH was adjosted 1o 7 with drop wisg
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addition of S0% NaOH. The produnt was procipiiated with addition 808 g of 2 molar
socium phosphate and the solids way vollected and washed with delonized water, The

prshyiner on further purified by the following method. The solid was &

3 Hter of 1 molar goetio soid with stirong, The total vohwee was brought {10 ey

with defontzod water snd the pH wax adjusted to 7 with drop wise addition of §
NaOH, The product was precipituted vwith addition BHE g of 2 molar sodiu phosphate
arwd the solids was collovted and washed with delomzed water. Thy resiliing sobid mass
26 dried By vaonunt oven 81 63 0 fur 3 days. The deiad polymer was Frosen with
Hauid wtrsgen and ground oo fing powder snd favther dried for § day, The resulting

maxs of the dry powder waa 250 g A small sample was dissolved in §moler

CDIOOD  Th acid and "H-NME spetra wire obtatnnd, ax depicted In Figure 8. The

TH-MMER peaks wers integrated and e amount o8 bareyd muslification was determined
o be 33 %,
Example 37 Deterndnation of Hocvulation performance sod supernatant quality

firr fnoreasing doses of g stimulus rexponsive pelvmer vy a cationly
galvelectrobvie in a CHO coll cubture

§

00173 In an exompdary expenmient deacribed herein, the stimulue wapasive
polyvraers acoording o the present yovention were comapared 10 3 known pelyimer, L.,

chitosay, for corfaun desirable propertiss,

FO01 74 CHO coll cultore wag propared using & mothod, as desortbed in
Examgpde T A solation of 2% wiw solation of medhum wmolzonlar woight chitoson

~Addrichl was prepared fn 1 mnlar acetiv sond. A

solution of hydrophobically yodifisd polvallyiondne based stimuluy responaiv

BrP&A) polymer was prepared acrording to Example # 36 1 ml of the CHO gell

culturs was dispensed into 13 mi covneal tubes, Indwidual polymer dosss of 00,001,

20003, 004, 005, 006, 007 008, D09 (1, 014, 018, 022, and 8.4 %% wiv wors

R

5]

[oors
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sdded 1o each conioal tabe comtadvng CHO soll culture Yor each the LMW chitosan and

3

I¥-RalFa AL Forihe conical tobes contamd

adjusted e 7.0 snd s stimalas of 130 mM sodbim plosphate was appliad. All the

conioal tubes wars centrifuged af 3000 RPM for 2 minutes ansd the supernatant waz
deoanted and the trbidily was delermined
LAY Table § below and Figure 10 suromarize the resalts of @ representative

experinent tr demonstaaie that & non-stirmuohsy responsive pobvmer {21, chifosan)
requtrns doso optimtsation for efficient Hocoulatimy, wheress, 8 stimhus responsive
polymer acoording o the present invention doos net appear fo require dose
pptindzationt. In other words, n omse of 8 nov-stimitus respsmsive polyimer sech &y
chitosan, onee an optiven] dose of the podymer is added for offiviont Hostulation,

axoseding that optivea] dose reselts n ingramsed furbidity, whuch i undosizable,

Whvess, it vase of stimahes responsive polymers such #s thase deseribe

stimuhis responsive polymer continues 1o he an effective Hovoulantiprecipiiang

foas of increase i the dose.

:
regard

Polymer Floceniant Atinnades | Wm:}mwm

Boscf{wioye 1 Polymer Flocenfant | {viwd
8 N AW i""*‘\ii's‘ﬁaasri g
) MMW C B
MMW U
&i"\«%‘s&' b
\‘%w?\‘ 0
X
& (3& ) i
0.07 %
0.0% Y
,,,,,,, S .
TR N

814 \EM W ﬂmm S 6
R W Chitossn B
.23 MWW Chitosar i
8.4 MMW Chitosw B
{ "W 6 Benayl modified ¥
"3y
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Q4 ¥ 399
G2 ¥y 486
9.0 X A e
.04 . ¥
{405 P‘um allyline ¥ 43
.06 ¥ 15
Hvlanung 5 5
2 ms«i fied
808 X 16
649 5 21
33% Bf—‘; w1 mndiied
.1 Palvallvhionine % 360
f j.'\f;l% Banayd rno\b&.'-.*
B4  Polyvaibrlamiy ¥ o 17
‘ 33 { b Renayl e izis&é
Q.18 _ Folvallylwnng ¥ N
33% Besiey? maodified
22 : Pulysliviaming | ¥ (X
339 Benayl mm%;i“sr;‘.ai
£3,4 Pobvalbylanung 5 14

Exsmuple 3% Dotermination of flovculation performanes and supernstant guality
with increasing dosss of s stimulus responsive pelvmer in the

rEsEnge
af a meitivalont anlon stimulus velative 16 pe sthpuluy, i CHEE sell
culfure
neived £ HO cell colture was propared using a method, as desoribed in
Example 1. & 2% wiw solation of hydeaphobbcadly modified polvallvlamine hasad

stimed respovsive (33%-BaP&AY pobyvmer was prepared according to BExample # 36,

oy
Z.

Individua] pobymer doses o .0, 6,05, 5.06, 007 008, 008, 01, 014, Q18,022 aw

3.4 M wiy were added t cach contoal tube containing CHO vell calture in iplicates

{one for plyaphate and one for citeate and one for no stimudi) H-BaPAA polyme

o,

The pH was sdjosted 1o 7.2 and & stimuhis of 150 mM sodius phosphate or 158 md

sodivm citraty was appliod of no strovlus was applisd, AR S conioal b wers
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PRI WAN shonmmted and the

cxrriiged s 3000 RPM for 2 winutes aind the sy

contrate turbidity was deternined. The resulty from the experiments desoribad in this
axsmple sre showy fa Table & and Figure 11

3l

(0017 Tabde © and Figure 11 summarize the reenlts of & ropressoiative

axpeniment fo domonstnte that 3 sttmulus rosponsive podveer {8.0., desorihad in

et

Pxample 38} can operaty as 2 non-stivulns responsive Bocoulant {sinulay o Chitosan
data iy Bxample 373 requiring polymer dose optimization withowt a stimuehe,
However, with & sufiivalent ton stinnslus, sueh as phosphate or cifrate, the stivooha

responsive polynur doss not reguire dose npthmization as the contrate turbidity et

:-a-o

effected by ncraasing polviner dose,

Lae

Tabie b

Kyinmaiug Supernsiant |
Polvmer Floceulant s‘g}basg;hzstaf Turbidiy |
Drase (wivide Poly mer F?ucmhm | gltvate { neud {NTLL

\ phosphate 337
(.03 phosphate &2
EALY phosphate %
807 pheaphaie 14
.88 phosphats 1%
RN phosphate 21

.1 nhosphale il
814 phosphais 17
I8 phasphate A

if%; sreyi mesdific 1
83 , s,mihi\s,z ing phosphiate  + 12

Y 33}0“ fied

phosphak 14

3 ? B Escr f}. § 330

‘%‘sim febarnine curate 33
%% Beneyl sodifier
EREY “’0 aedviaming  owirais G

[ RE
“nj

Q407 3% Bergyd nodifind
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B Pobyalbvlapine ¢+
33% Boneyl modified _
.08 &\h di} Tane cifrme 23
g sivale 3
& ?’oiva\ Mine sirade 21
4.4 A0 citraie 19
"-."f’i sm\(;i'izif{i
3,18 o5 cirae 24
: :}

£§.22 ol slivate 23
.4 cirate 3
nune {34

$.06 xQ Hehune DO 33

‘nmi ih,u

847 BRI 3
__________ G0 o B 46
Q.08 nons Si
g1 Bne 33
§.14 nons 15%
.18 e 432
.23 BORE 454
{4 T 483

Exasmple 3% Determinstion of flocculation performanve sl supergatant guality
with increasing doses of an gumoedifind stimules respansive polvinsy

CHEO cell culture

fO0178] {1 another experimand, the floconlation ahylity and supsraatant quality
with an wmodificd stimelay regpomsive polyer v a CHO cell coltre was determined,

g3 deseribad heramn,

{3 oxll culture was proparsd using s methad, as desoribed in

A 2% wiw sotution of wenodified pobyailyvlaming based stimuli responsive

(2
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edving Folyalbvooing {PAA, NITTORBO, 150 &Iy, 4@

pebyier was pregarad by da
wiAvLY i | msdar avetic acid. 10 ol of the CHO cell calture i dispensed inte 15 mil
cermond tubes. Individual pobymere dosex of QU 05, 006, 007, GOK, 888, (L1, 814,
(18, 22, and (.4 %% wiw was added to each condosl tobe contaning CHOD celt oulture.
The pli was adiusted to 7.2 and o sthoudes of 1530 M sodiom phosphate wies apphied,

A1 the conteal tubes wers contrifoged a3 3000 REM for 2 mingles aud the supomatant
was deeanted and the sutsdity was detsmined, The resubiz from the experiments

=¥

desoribad in this example are showa i Table 7.

Table 7

Supernatsnd
Padymer Flocculant Sttmudes | Turbidiy
Drose (wiv}% Potyvarer Flevrulant {wimy i {NTLY
urinsdifiod 1AORD
.08 Polvallvamine i 171
urodifisd S?M%

Do i’n x‘ "s i 438
G647 1 873
{408 b G55
_________________ n 247
.1 i BN EEY
o x TG
413 i 1008
8.3 i > G
¢4 1 B8

Example 48 Dotermingtba of Hocculation perfermange, seitling Hime, sund
supevuatant guality g sthmull rosponsive polvaiee o CHQ sell
culture

{001ED CHO colt onlture was prepared vsing s method 3 deserited i Bxample

FoA T wiw solution of & hydrophobivally medified polyaivlancoe hased sthouli

responsive (3%-BaPAAY polymer way prepired similar to Exsaple # 36 30 ml of
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CHO sell sadture was placed in g 180 ;b glass
of the oylinders, the stioadus responsive polyoer was added 1o a dose o .3%, the pH
was adiusted to 7 with drop wise addition of 2 wolay s bage, the sodium pheaphate
goncenbrstion was adjusted to S mM by addition of 3 2 molar sadivms phosphate
solution, sl the selution wias stired for 2 mimges. The sodim plosphats and pH
adjustroent was porforrood in order {o precipatate the stimudas rosponsive polymer and a

«f

imparities, residaal polymer o foosulate the solids; and

cornpley of cells, celi deb
to increase particte size: After the sodium phosphate addvion snd pH adiustment, large
agpregated particles were obeerved D the abinndus rosponsive polyvmer treated foed,
pther grnhiated oylindar was stirved for 2 nyinates and nothing was sdded. Both of the
oylinders were allowed to sit ondisturbed for 1 heaer, At the end of s hosr, the

supernatant was aspanuad and the frbidity was recorded,

R8s 1t was obssrved that the sohd phass i the oviinder with the sart
pobvmer soitdes faster as well ay & dofined actiling front (sharp solid to Hipiid phase

w

tranaitton) refative to the aolid phase i the wstreated oylinder, which gave sy andefined

o

[ ER} The resuls of one such sxporimoent ave sunumsrized in Tableo 8 The

measurernents with rsepeet oy the seithing fronts were & rough estinate for the wdreated

Tabie 8

Lime Pobouer Seutling Froat (% Final Superasias
{mindes) RS Nurdids) Turbidity (NTUY
kY ey s <
i~ Sy i‘ mndified 10
2 G
aQ 63
4 ‘*“

it
i
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30 47

&0 43 13
1 0

34 HOG

E 8%

44 ;

56

8§

Example 410 Comparissn of clarificating perfrmanes ssing polvannges of
different molerular weights

UL RR A series of polymers with different molecniar weighty wers sditmned,

moditied, snd used to Hocvalate, procipitate, svd pridy a cell callure. Podyeses with

13RD, RSk, 130KD, 330D, 800~

i

{-3000KE> were hiatned axdfor modifisd by the following methed

FOO184 The 1AKD pobyalbvinnime polymer wis oblained from NITTORG and
wis henzyiated {ovalently attached bonzy! grosps and purified) naing & method stmilary
to exanple 36, The 33T benzyinted pedvvinylaming polyvier wax prepared by
Exampie 31 The 130RD benryiated polvatiylamine was prepared socording to Bxample
.

35, The 350KTI benwyvlated polyvinyismne polymer was prepared by BExample 350 The

BAOLDY podvvinylamone polyvmer backhon s prepared by hydeolyzing Polymin V2

{BASEY with 2 squivalests of base at 80 °C for § howrs, The snnssdified 2000-40001
BYA wis prepared sovording to exsouple 31, The benzylated 2000-20005D polymer
was prepared aeoording to Fanmple 320 The polyouaes wer psed o flocadate,
procipiate, and iy @ CHO DG celt culture of approximately 12x10° celtvml. and
1 barvest coll viability of = 30 %, The flocculating was perfarmed at polymey doses of

.2 %% aned 8.4 % wiw, A solabion stimehas of S mM sodium phasphate and pH

adfustment fo T with 2 molar s hase was applied,
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(RS {Chaervations abont the flock size were sseorded snd are denoted as

rorei

beyag small Hocks sd wabed being very larpe sppregates. The vials derssted e

were more of 8 complots zone separstion thay a suspension of aggregatss. tis also
notsd that the larger sggregios’particles settle fastor with » shawper sobid Hipnd
wterfaos. Resule ang shown in Table 9, which denuadrates the results for Bocondation

asing polyamings of different roolecular weights,

Tabie §

Modevulay Weight Pobaper Dose | Aggregste/Particle
(RN ‘ Sz
+
............ Gm {} 5
;‘%n‘s SR Gt
G4 ;
04 4
3.4 £t
_ - 6.4
B ;{x O 04

Example 42: Comparisen of elarification performance ssing pelvasuines sf

different bvdrophehic medifiegtiang

CHO coll culiure was prepared asing a mothod, a3 desenbed in

of polymers described in Bxamples 31, 32, 22 and 35 wore sebided
sgevibed by Bxample 38 with the folliwing sxceptivms: The
polymar doss was between (] widh and 8.6 wids as desoribed in Tabde 1 The inigal
cedt Culhurs tubidity was ~800 WL and e contrate withvut podymer troatnient had a
surhidity of 12TV, The pH was adiosted {0 7.2 and & stimolus of 3 M sealiam
phosphate was apphivd. Al the comscal tubes were contrifugad 3t 2000 RPM for 2
mingtes and the superamant was decanted sud the coptrate hnbidity was deterndnad.

The resulis frvon the experiments desoribed 1o this oxavaple ave shown in Talde 18,

79
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whizh demonstrates the porfornanes of different hydmphebic modifioatines ot differemt

polemey doses,

{00187} Table 10 denwmstrates that by vhanging the ratwre of Hhe hedgphebic
groap andfor polymee molesslar weight, the response fo stimuhes and resolting cudrate
prbidity can by varied,

Taide 18,

AAAAAAA Ceutrate

, Polymer Hose
Palymer YIREE Turbidity

twrw INTU)

Untreated

o , {} 213
{No Podyier) ) ,

Example 31 : 0.3 12

- Example 31 08 ‘ 75

__Example 33 0.3 47

Example 33+ 0.5 g 35

: 3 ‘ I
' Lx&r‘;i 0.5 51

»»»»»»» Example 0,1 I3
 Example Gt 12
\\\\\\ Example .4 16

Example .45 32

Example 43:  Effeet of Reduced Turbidity obtained with Stmuius Besponsive
Polymers on Drovnstream fliration

EERY {1 orgder to assows the affeet of the stivadus reapovaive polyner on

3':3
G

subsequen contvifugasion and depth fltration steps, the following prwedurs

followed. TG4 chingss Hamster Qreary (CHO) cell ue axprossing PTG antibody

worg grown iy 2 0L bloverctor (INEW BRUNSWICK SCIENTIFIO) s dersity of

about 1508 velisfml snd harvested at < 539946 vighliny. A TO% wivw sohstisn of &
widrephobieally modified polysilyhimme based stimull maponsive G3%-BaPadgy

pedvmer iy preparsd siratiar to Exaople 38,

U RUH O fraction of e DG CHO cell onlture s troated wigh 2% of the

I

stimalus responsive polyvmer 33%-BaPAA, winle snwntber fraction of the DGS CHO

Lv sl
e
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cell cultare ix wt voated, T the stimulus responstve polymer treated self sultwe, the

sodiin phisphate conosntrtion i brotsght to 38 mM by drop wise addlithint of ¥ molay

o~

souiom phosphate snd the pN s sdjusted o 7.2 by drop wisy addition of 2 molar iris

base, The sodivm phosphate aud pH adbodment is perfrmed tn ovder o provipiate the
stinnilus responsive polymer and 2 complex of vells, coll debnis, tmpurities, residugl
polyvmer, and to ooculate the solids, and Ingresse particle st After the sodiam

phesphate scdidition and pH sdjustowent; largs focked particlex are observed in the

stimuus responsive polymer treated feed. Both fractions wers centrifugest for § nubues
at 3000 RPM and the supenatants wers deoared amd the tebidity was detessuned. The
cerntrate turbidity for the 33%-BuPAA polymer treated fosd wins detgrmined to be 1
MTU whils the vontrate trndity for the ontreated fecd way deitrmined to be 3 NTU

»

{0 Septh filler throughput for cach foed was shdermined by the following

masthosd. & NOHC Milhsple® Pod Disposable Dopth Filter (MILLIPORE} with a

o

surface wrea of 230’ wsed for emb food. The depth filters swe

e erpupped with g

s

i pamp snd an in-line preasure sensor. The flers wore fhughed with dedonized

p>3
P

J\ \Gf(

witter avoording to instractions aad the fend was pumped through at 100 LMH and the

filirates were pooled. The posled turbidity For the 33%-BrPAA pobymer treated foed
filirate was & NTU and the posded turbidity for the untrested foed fltrate was 8 NTUL
The filter twoughput foe the 313%-BaP &A& polymer troated fosd was 1304 Limd @t 10
psi, st which fime the experinumt was stoppod becauss of foed hmitstons. The filter
throughpst for the ontreated fred was 306 Lim2 at 20 pai, at which tme the experimgnt

was stopped becmse of pressure Hmitations,

Exasmple 44 Purification of 8 prods] protels stregm with 3 stimulus respousivg
pelvimer followed By capture with g sffinity rusin

9 it order s

on subssguent purifioation sio

81
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provsdure was folfowed, g a method stomlar o

Exangsde b nital Feod BUP lovel ~ 210,000ppm. A 196 wive solution of g

hedrophobicalty modified polyalivianine based stionli responsive {33-BrPAA)

msiymer iy prepaved similar to Bxsouple 36, o fraction of the CHO celf salture &
trsated with §.1% of the stombt responsive pedvner 33%-BaPA A, while anothar

fraction of the CHO solf culture I treated with .4% of the stimnd rexponstve polysy

'
3

aud 8 tfued Haetion of the CHO cell coliure i3 not reated, To

respermive pedvater treated eoll culiures the sodium phosphate concentration s brought
30 mM by drop wise sddition of 2 moler sodions phoaphate and the pH s sshusted &
7.2 by drop wise sddition of 2 molar tris base. The sodium phosphate and pH

adfidment 1 performad in order to precipiiate the stimull rexponsive polymer aud a

cosmplex of celly, call debris, upurities, restdaat polywer, and 1o Beonlaty the ssl

and increase particle sive. Afler the sodium phosphate addition g

N

flooked particles sre observed in the stimuli reaponaive polymer trostest fords, Eaeh

raction of the solt cublure i contridged tn 2 b svale backet contrifige for § mnites at

Q00 BPM. The turbidiy of sach centrate 18 revorded snd wported da Table 11 The

sentrates are Rltered through a 8.3 Durap
FO0193Y The Hltvate pools were purtiied through & tee stop chronaigraphy

based purification consisting of proteta A »ffimty chesonatography {(FroSep Ulira

i’
bES

Plus®y, bind-and-slots cation exchange chronmiography (FroBes &), and mombrang

orher gnion exchange chromatography in flow-though mode (ChromaSorh @) The
purifivation wis performed on @ chromutograply workatation scovrding 10 the method
i Fabde 120 The pools for each slep werg smalyeed for host coll pratein {UHOP by

X

ELIBA, leached Pradein & {L ProA) by ELISA, weidual DNA by PicoGrous & saauy,
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tobidiy, aggregated profoin (AGG) porcent by st exclusion HPLE, sad prodein
concsniration by UV absorption.

Table 11,

Mab | CHOP
Feasd Centrate | Recovery | Rempoval DN

Troatment {NTLY (%5} {%3
Cantnfuge :
Qsty

%
g
2:;
fised
f
P
4

GRS

Ba2 SR AK 7.3 G 50 <{ T}
€ .4%
Bn25PAR 8.2 78 50 <LO0

Profein & Pools

Viras
Ingclivation,

Faed fow pH hold | Step Yield | {DHOP LProA 1 DRA
Treubmen Post (NTL) £94) {ppml AGG % fopmy fugimil
Cendrfuge |

Sy i 45 S8 i 2138 3 i (.84

DA% 5
BnIARAK 24 98 807 8 2 LY

f‘} 3‘1‘\"

Br2sPas 2 00 257 3 25 <L OO
Cantrifuge

Crdy 87 S84 2.3 <L OO <100

0.1% 1
BnadPAA 91 283 3 24 <L <L

4% 1

BROEPAR 30 | 24 00 | enG

L ChromaSork Pools
Feand i Step Yield | [OHOP] - DNA

Traatment | (%} {pp LProd 1 (ugimil
Gar
33 <L <SLOQ LS00

.,“..,,Smi'“f‘"‘f**ﬂ 95 1 =0Q
8.4% Lo
BndARAA g8 3 O0 <LOO

Table 11,

Protain &

Cohumn
- Dimensions De8 X 14 om

Wothod

Duration
fLadumn Rusidence
Step | Buffer Yolumass Yime

EQ Phospahts huffsred saling & 3

Pyl
tap
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Laoad (. 8mgfmib Clarifad feadstock 2% 4
Wash Phospatis bulferad safing 8
Elution SthimM Acelicacd pH 380 8 3
Aanid Sl 150mid Phosphonc agid 3 3
£ Phospahte buffered saling 8 3
Catien Exnhange
Column
Diransinos (DA X dem
Mathod
Buratian
{Colwpn Residencs
Step Butfer Volamesy Time
0ok Acstic aoid, 28miM Nall, p
EG 58 3 3
Profein & alulion pool adjusied W B
with § »\m«‘ﬁ Agstic acid, 28mbM Nall, foad dunsity = 4¢
{oad pH & mgimb 4
SGmi ‘IS-\,\,\,E«:‘ acid, 25mb Nafl, pM
Wash 5.4 3 3
S0 Acslio acid, 125mM RaCl i
Eidion 585 g1 3
S0mAd Acetio acld, 00t Nall pH
MNall Bivip 5.0 3 3
 NaOH Cleaning R T 1 T T S 3 3
g 50mid Acetio acld, 28mb Nall, o
Anlon Exchangs
ChromaSorb B.08 |
sl
Method N
Duration
{Cotumn Fiow Rats
Biap Buffer ¥olumas) & {mblfmimae}
EQ S0 oM TriapHi 7.4 0% A
ation exchangs ool adiusted with Load Densily =
Load SOmMirdapMi 4 5 kgt 1
Exanrple 45: Porification of a susded proteln siveam with g stimulus responsivg

'gej_i-‘ﬁm folowed by capture with a cation exclange rasin

00191

on sabsegpont paritication steps, the fellowing provedurs was followe

Try ovdsr So

Ht‘i?ﬂ{f RESE h\ d 3‘ f he

M
S

stimulag respe

3
€%

saive polyviney
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Famster Ovary ({CHO ) coll lne expressing PTG sutibody wers groswn in g L

binreastor {New Bronswick Sciergific} to a density of about1 3x 106 colis'mil. and

harvested at = 809G wiabiline with any HUP Tovel of - 142800 ppa.

fEULY A T0% wiw sobstion of a hedvophobically modifted polvailvianms
3 .

faased stimidi responsive (33-BaPAA) polymey was prepared sinnlar to BExample # 36,

One fraction of the UHO coll culiure was frested with 8196 of the stimall rosponsiva

shvmer 3300-BraPA A, widle snother fraction of the CHO coll sudtire was treated with
£.4% of the stimult responstve pobymer 3% BaPAA, and a third frsction of the CHOQ
sell vulture wis pot freated, To the stivoul reaponsive polymer troated cetl cultures,

soadiunn phosphate soncentration wies brought to 30 mM by drop wise additton w2

ol sodipm phosphate and the pH o wis adpeted to 7.2 by drop wise mbihition of

wmolar irts base, The sodben phesphate and pH adinstment was porformed 1o arder 1o

precipitte the stimoll responsive prdviey and a complex of colls, vell debriy,

impurities, restdual polyimer, and to Nocovlate the solids, and nvresse partie
After the sodban plusphate additien and pH adpastmiont large sgerogated particles ave
abserved iy the stinull rosponsive pabymer treated foeds. Back fracton of the cell
culture s contrifoged fir i lab scale bugket conirifuge for § punutes a1 3000 BEM. The
paridhy of each contraty is revorded and repoded o Talde £3 The contrates ware
filtered through a 8. 2pm Darapore® filter,

{00105] The filtvate poads wore partfied tdvough a bee step chiromstography

based purifloation consinding s Mnd-and-elite oation axchange chromatography

&J

RN

{ProRex &), and mmbrave adsorber anton oxchanges chromatography in flow-though
wode {ChromaSoerh ®) The purification was porformed on a chromatograpdy
wirkstation acvording o the methad in Table 12, The pools for esch step were

184, fonched Frotein A (L Prodl by

amabvzed for bost cell progein {CHQF) by

ped
578
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ELISAL residual DNA by PicoGroen & assa

-, mirbidity, &
pereant by i

ey

PCT/US2011/036648

gorepated profein (AGGY
v sxclusion HPLO, and prdein covcenitation by UV absopstion
Jabledd
Feod Trostment 8 nirate Mab Becovery LHOP BN
e drostmEn ; (%) Removal (963 | (apfmi
untreatsd i } Ly
L . 1% Polyier 52
5 0.4% Polymar G0
»»»»»»»» X Poale
FCHOP] fopan
S e e
#a 500
“““ . i&rmm‘mri} Poob )
o gow Step Yield DNA
Fead Treatment S ?“ S OHOPY (epod) el
L \1 5 SRS Y.
L Q0
57 338 30
Example 46: Pelvethvione nrwbrane surisce modified with phosphoric acld
avilroyvethvhnethaorviate (PAHEMA)
{H01En] Inavither ¢

xperient, § embrane was modifiad o imeorporate
mhiltivalent ion stimalys, whore the momboane can be used for removal of rexidual
stimalus resprassive pohviner,
REUL A

Py

& wous miviure of PAHEMA was prepared soccording i ths
folfowing recipe: 18 of PAHEMA {(Aldrich #555890, 75% PAHEMA and 25%
BisHEMPAYL 0.2 4 QU

2 of brgacwe |

M WAS g oof water, A pobyethnlonson
{1LaSum, UPTH MILLIPORE)

yeranse
ted with reethano! and exchanee

angad nds waler
A4 fornusiation. The

and treated with the PAHEMA

> aampls wis exposed o TV hght
washed with methansd and water, and dred. The weight added 1o 88
surfave modifioatinn was 4

e mb
o
L3 8 ‘ {

. The infraved specivum of the mendwane displaye

&0 Ei if-d\ &
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strong methacrylaty carbonyl ahsorption, Mabung the menbrane with methylens: blee
{a positively chargesd dyel gave ¢ deop Blae oolor with a oyan nptiog! denetly of 14L

Example 47 Hydvephilic polvethiviene monbrans surface modified with
shospsrice

ackd I-hvdrexvethvinndthaorvinte IPAHEMAY

ol eg] A 16% squeous mixime of PAHEMA was pripansd socssrding to the

following recipe; 10g of PAHEMA (Aldrich 808888, 7

PAHEMA and 25%

40, 02 goof Frgacure 2958, 9348 gof water. & hydrophiloie mersbrans
{3.63any, MPLO MILLIFORE)Y was dusotly contacted with the PAHUMA solution. UV

exposure and washing %8 above gave s mombrane with a 7.0% add s The tifraved

speciram of the mentdmane displayed g strong methacryiate savhomyl absorption.

Staiing the meminane with methylone blue {3 posittvely charged dye} gave a ¢
color with a cvan apticsd density of 145

Example 48 Hydrophilic polvmethacrviste resin mudified with phosphoric acld

bydrexvethvlmethavrvigie (PAHEMAY

B En another sxporiment, & resin was wodified to include & stanulus,
whare the nudifies roxin conld then be used for mmoving the rasidual polvmer,
OO A solation is prepassd with the following composition: 60ad aliyl
ghveidyl ether{ AGEY, e 4M NaQH, 12y sodiim selfte. To this sadution 60mi of
ToyerPearleSO media s added and he saxtare s placed in a rotating hvbeidizer at 300
for 16 hours. The media are separatnd and washed by standsrd procedures. The
PAHEMA grafting solubion s prepared a5 follws: 18 FAREMA, 0.06g anwnontam

porsuifate, 9.0¢ watsr. To s sodotion s sdded St of the AGE medified ToyaPeard

media, The mixiure is placed fi o hyloidizer a8 80C fir 16 hours. Beparating and

washing by standard procicdures gives the PAHEMA modifiod resin. This product stains
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dark blue when treated with o G019 squeouy ssdution of methylene blue which fs s
posttively charged dye,

Esawnple 4% Stimudus responstve pelvmer hindingavith an Hydeophilic
solyvethviene

prembrans suviace modified with phosphorie agdd 3
bydveayeihylmsthasryiate (PAHEMAY

o
s
s

The FAHEMA modified MPLO mendane (Bxample 47 ) was used 10

saptare polyalivlamine (PAA) polyvmer from 3 selutions comatmng MY, 10

P
m
,
f/v
po
P
]
r
P
e
-t

BAA respectivedy uabng the following experimental procedire. A mendrane disk 28mm
provessed dipmeler i Diee velf bolder, PAA solations processed at 1.8cv/se, The
menheans wi washed o and out of cell holder with Mkl PRY baffer. Provessad

mwanbrane stained with Poncsau &

a2 Pomsesy & i @ nogatively charged dye thet absorbs strongly @
positively charged surfaces, When FAA s absorbed by the PABEMA wodifiad

membrane, the surkacs 1s convartod front g pegative to posative charge. This conversion
is sasily observed by staining the provessed solistion with Ponecan B, A good measurs
of degree of saintng with Fonceau & i< the magenta optical density s measured with a
Macheth Deasiteneter. The magonta optical density values for various processed
prmmbranes (Lo, naded with PAAY on both the upstresrn and downsircam sides of the
menbrans are shenva w Table 14,

ELRIAY Ax van be seen for the Tppm case, sl of the PAA s captired an the
upatremn dide of the mondwane. For the 13wl of prcessed solution, this corresposds

tr 4.8 stovosgranmy of FAN om? of membrang sarfice,

43
b
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fa0204]

Table 14,
PAS Losding - Upstream {Topsidey | Downstream Bollomside}
{PAA procgssed) Magenia  Magenta Optieal Density
__Opticad Density :
aprocisaed ¢
Hippan 877
o (.73
(3,60

Acvordingly, basad onthe resulls from (s Example, #may Ix

congladed at the nudifted mombranes soud resing deseribed hereln may be used for

vedhioing the level st residual polymer or completely re

He206] The spemifivation is most thorsighby understond o Hght of
fonchings of the references cited within the specification winch are heraby weorpirated
by refirence, The embodiments within the speeification provide an shhakation of

ernbodimeniy in this nventien and shoudd not be constrigd to Bont ity seope. The

akibed artizan readily reoogrives that many other eynbodiments are envorapaased

FREN

invertionn, Al publications and nventions are ncorporated by refersnce in @

/,,
povs
Isq
-0

\

sattagy, Yo the extent that the muateriad fncorporated by reference vomtndicts of &s

incessiatent with the present speeification, the pressnt specificatizn will super

di sy

such material. The cilation of sny references heredn 1y not an admission that such

reforonoes are priot art fo the present mvention.
{020 Unlees otherwise tndieated, all numbery expressing quantitios of

ingredionts, vell sulnire, romtment conditiows, and so fortioned i the speeification,
nctading claims, arg fo be pnderstood a8 being maedified in all instances by the wrm
“about” Accordingly, unless ofherwise fndicated to the contrary, the muneriost

ParRCeny 3o approsimations and may vavy depending upon the desired properties

sought fis be obtawnsd by the present fovention. Unlesy otherwisy fndicated, the term "
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ast” precoding & sortos of ehumends 18 1o b wndersiood (o refir to svery olenrent i the

¥

f’o_A

%

seriex. Those skilled in the art will recogaive, or be ably to sscoviain axing no mow

;»

than souling experimentathm, many sgquivalents o the specific embodiments of the

fwreinn Such ospeivalents are inlended o be envompassed by the

follinving sdaims
T2 Many madifications and variations of this mreention can be made

without departing fom 8 spirtt and scope, a3 waill be spparent to those skilled in the
art, The specific embodiments dosoribed hovein are offored by way of sxavyde vy
and are nod msant & be luniiog n any way. B i intended that the spesifivation and

sxamples b vonsidered s exeraplary cvdy, with a tree scops and apivit of the nvention

being fndicated by the folliewing elums,

T2



WO 2011/146394 PCT/US2011/036648

LEEIER

ANAARAANAARRANANS

A stimulus responsive polymer sonpmising @ polyeloctrolyte backbone

st

cesaprising oue or wove hydrophobio grups attached to the ackbone, wherein the

peslviner v capable of inding snd precipitating 3 nonwstecule of inferest n a sample

upot adddition of a stimulus.

L. The stinndes vesponsive polymer of clairn 1, wheretn the pedveloctrolyte
backhvms coonprises al Bast fwo moRomeTio unis.

fulim 2, wherein the polvelestrolvis

['¥]

The stimaha responsive polymer o
backbone compuses &t least three monomeric wals,

4, The stimulus responstve pobyoer of clater 2, whersin cach monomerh st o
the polveleotridyvity backbone comprises a chargs.

3. The stionilus respovaive pobymer of cletm 2, wherein at least 80% of the
monomeric units comprise a chargs.

B The stimulas responsive polymer of vhim 1, wherein the Monwlenuls of interest
& therapeutio polvpeptide,

7 The stimulus responsive pohymer of clidm 1, whensn the blomoleeunle of nterest

1§ ap fmpurity prosent in g sanple along with g therapsutic polvpepide.

8, The stmulus responsive podymer of elatm 7, whevedn the bapuarity s selacted

“

Y

from the group consisting of hoat ogll profein, sndotuxan, DNA, RMA, virmses, hpuds,
whols cxdls and cellular debria,
g, The stinndes responsive polymer of claim |, whereln the stumules fs a

multivalont won
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jEe3 The stimaloy respovsive polyvmer of shom & wherein the multbvalont fon s

phosphats or it

P The sumuelus rosponsive polymer of elaim 7, wherom the therapeutic

g

polypeptide is an antidody.

[

P

1 1L wherein the shtibody de g

monocional antibody,

Py

300 A stimuluy mepaasive polymer sylested from the group vonsisting of
polvalivlanune, polyalliaming modified with o bonsyl group, polyvinvioming sod

polyvinviamine modified with & beveyd group, wherein the sthnuhn § phsphate or

ortrate,
140 & muthod of separating a farget molecals from ong O mors wapuritis i a

sm‘zs:;:}i&, wheretn the method coanprises the stepa off
3 providing a senmple conprising 8 trgetmolecule and one or yoore puritiey;
f’i}} constecting the samphs with 8 siimualus rosponsive polymer secording to clidm

~

1, thereby to form a compley of polvieer and the s or more hopurithes] and

{oy achling 8 stimulas to the samysle, therely fo provipitate the covaplex st of
solation,

N

thereby to separate the targel moleesks fam ome oy mote imparities,

£5, The method of claby 14, wherein the method further comprises one oy mons

filtration steps.

. The method of ddaim 14, wherein the method further cinaprises obe or mare

shromatography step,

17 The method of ladm 14, wherein the stimudas v a sudvalest ton
18, The methed of clabmy 17, wheredn (he multtvalont on iy phosphate sy clivate,

S
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55K The method of clatm 14, wherein the polyeleotrolvie hackboate comprises a1

fegst b mononeric units, at least 30% of thy wuis comprising a charge.

2. The methad of claim 14, whereln the polysiecirolyie baskbone comygss:
feast thres monwanone iy, af least 30% ofthe wiits conpnising 8 chayg

21, The stivalus responstve polymer oompriving the fellowing stracture:
N, N i»
% Nl N

%,
bovrsssrnn.
foact

Zﬂ
A
i1

2 .
) 2

N

whergin the polyyper somprisss # carbon containing polvelsetrolvis backbong By sad
R, are vhargesd groups which fosm s part of the Tackbone; B3 is 0 bydrophebic group
attached tos charged group b the backbone; and v iv the sumber of monomwrie s in
the polymer, whereln s equal to or greater thay 2.

33 The stirnulas yeepesmive polyimer conguising the following struchie

.
P f’_,\\ N -
- \\\ - \'\\{."""‘, \\ «“",
Rs By Rs
Ry i
Whereln the polvewy comprises 1 carbon containing p{}i veleohrivie backbone Ry Ky

sd Ko are charged groups which fam 3 part of the bavkbong; Ry a hydrophadae

g stsebed o 8 charped group i the back

wiske) R 1N 8 prowps poesessing a vharge
oppeatte of the charge Snind S Ry, Ry or By and s the nuamber of monomeric antls i

the polywer, wherein 1 ix equal to o greater tha

D=
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23 A mothod of separating an antibody from one of more Bupuriies in g sample
using a siinaday responaive polymer acconding to olaim 1, whale mnbmising residhat
snounts of pobvmer, the method commprising the steps of!
{a} providing o sample coanprising an adtihody and soe or mus iropaniiies;
{10 constaoting the sample with @ polymer according to clamn 1 under s firat sot

of conditions suttably for the pedymer 1o iod oue or wore inpurnities, thereby to form g

first complex of polymey and one or mere Enpurities, wheretn the first st of conditiony
comprise adjnsting pH or salt conventration of the sample before, during or sfter the

addition of the polymer
{0} previptiating the first compler from the sample under a second set of
carutitioma;
{3y crmmasting the sample with 2 stimulos comprising 3 muttivalent on, thoreby
i fornr & secomnd gomplex s residusd podymer and maltivatent oy and
{e} pravipitatiog the scvond vomplex;
thereby to separsie the antibody from one of more gwwities in the sample

3

while reducing the araount of residual polymer 1 the ampls.

34, The method of olaint 23, wherein the anmtibody iy 3 wonocksal anttbody

35 The method of claim 23, wherein the ong or mors boapuriies s selected from the
groap consisting i host coll protein, DA, RNA, vinmes, antibody agpregates smd cel]

i

culture additives,

26, The method of cligm 233, whereln the sanple vomprises & foedstock.
27, The methed of olaim 23, whercin the sample comprises oadl cultury nedia int

which an antibody s seorated.

W

3

phy stops.

38, The weethed of olaim 23, further congsising one of more chronetoga

3 The method of olabm 23, ferther conyprising one ot more fltmtion stepy,
4
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Hack!

30, The pelvmey of clabm 1, wheren the polyeleotrolvie backbore comprises a

ahvamine backbone.

3

atm 1, wherein the hvdvopbobie group ¥s 8 phenyl gro

3. The polymer of ¢

33 A stimwles responsive polymer wyeft o purifving # bvmnoleenle of wterast
from a swnply, the polymer comprising the following stracture;
5‘”

-

L4

wherein fhe polvimer comprisss & curleat csiainang polyeleotrelyte backbone; Ky Ry

ary snings form a part of the backbone; Ry is 2 hydrophobic modifving groap present

on 2% o TR of the anvine groaps and coraiats of a phenyl

vy or derivative
thereof; and o is the munber of monomeric onits iy the polymer, whersdn 1w is ogual oy

greater than 2

330 A suemudos responaive polymer fov coparating o target moleeunde froem onw oy

more ingaaites comprising the follinsing Formnds

e
o

',
5,
%
5
//
‘W««««‘A"‘: SO

25

5
wherein the polyner conyrises a carbon containing polyeloctrolyte backbvae; By, ¥y

aned Ky are gynine groups which form a part of the bickbone; Bs ia 8 phonyd group which

ached o 3% i TE% of the Ry, Ry or Ry grosps; Ky ds o cation exchangs grovg

23
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mesdifying % o 50% of the By, Ry ov Ry grovps; and » s the ummber of mononeric

anits in the pelymer, whersin » is egqual @0 o greater than 2

34, A oethod of sspavating an antibody from one or more mpuriiies s sample
using # stionilus responsive pelymse, while mininusing resideal moous of polvmsr,
the method coanprising the steps off

{2} providing a sample comprising an antibody and ove ov puwe i

X

{b} contacting the sanply with & stimulus responsive polyiner snders
conditions suitable S the polymer to bind one or more ;imptz;sﬁ%f 1es, theredsy 1o Form s
frsd complex of poalymer and ong or more boparities, whesen the Sest set of conditions
cemprise adjusting pH or saltconceningtion of the sample before, during or after the
acddition of the polymar;
(&} foconlating the first complex Fony the sarpde ander 3 Grst set of conditionsy
{d} romoving the feecalated solids;

s

{s} contaoling the sample with & naltivalent ton, thereby to forn 3 secend
somplex of residual potymer and molivvadont by and

{1} presipiisting the second compho
thereby to separate the antibody fom one of more Impurities in the sample

while reducing the amount of residuid polymer in the sample.

33, A& nwthod of separating o tar

sample, wherein the method conpriss
{a} providing a sample comprising & logel mslecule and one of more hupuribes
{hi contacting the sample with & muahivalont ey respovaive polymer, wherein &

anhbvalent fon Iy sdded before, during or sfter addition of the polyvwer, ey fo form

# cmpdex of polvimer and the one of mote impuriies;

g the complex out of sulation,

thereby b separate the trget molecale fromm ome o wore impunies.

36, The mithod of claim 35, wherein the maultivalont fon stimulus iy phosphate or
oitrate.
¥ The method of clains 35, whersin the stimulus wsponsive polymer (3 8

copobymer

&5
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ng the steg of vonwerving a residhial

38 The method of olatm 35, fiwthey compriy
amount of polvnier affer stop {0}, wherein the step comprizes the ase of 3 momboans oy

Ry

rewin wodifiad with 8 mudtivalent ion,

390 The nethed of claim 38, wheretn the multivalent fom 16 phosphate,



