
STThIULUSRESPONSJVfiiRS FOR INFOF JO It)LECULi  (000 Provision& Patent Appi
con t)t 'if 'Which a ncorl  ication claims the heneth of priorityof S.
61/395, 9. flied enil, 2010, the entire .ein in its cnUreAy.  Field. of
Inventinn  100021'the prosenrttau.,trpoismorsn.tr eotcm ur.dccation.. In
particular, the present invontionleasto s useful hir the nurthesbon
ofolecuJe froma sample lug the ta.rget,locule and onemore :purifies.
liackt,irk:ppitl [000Efficiiorn andpurification ofttoinokculcs such as,
o.g.., therciieutic protems including a.tnibodies....iaiitingiy important
conside.u&tien 67r the biotechnology ans. pharitaccqttical industries.
Generally, the rocesscii arc It tati xixJui.le rromy different typicakof
pint  110 crest hr insertion eta ran rid cell lines trigineerrid to
containing the    eh:riding titat 



proteins, mediaproduct's have to beed by the I;            oses a
thrmidahlc chail cr therapeutte pro  [00041hi. general, separation and/or
purification processes that are currently being used for proteins, include
at least the 1< O%steps: cell iysis mecum an intracellular protein or
recovery of a protein front the media in ease of a secreted protein;
rcutoval of cells and cellular debris using differential centrifugation or
filtration to obtain a clarified sample containing the protein of interest;
and use of a variety of chromatography media in a multi-step process to
separate a protein of in:erost from the various impurities in the sample.
[00051Various types of polymers, including polyekittholytoa, have been
employed in one or more steps for the purification of biontolectiles,
especially proteins, hor example, the use of polyelectrolytes itt
flocculation to tharify proteins is well established tsce, e.g.
International PC:I' Patent Application No, W(Th008/091 740). this can be
acconapl ished with a wide range of polymers, with the only required
general characteristic being the polymer must have some level of
interaction with a ;ipecie,;,, of interest (e.g., a target moio(yuk or an
impurity). The most QM/InlOn methodology is the use of polymers containing
ion species, such as polyialectrolytes, Generally, polyciectrolytes are
added. to the protein mixture and purification is achieved via sekntivia
flocculation of one or more components of the mixture. A critical drawback
of this approach is that candidly controlled levels of pAyelectrolytes have
to be added in order to avoid residual polymer contamination (e.g., when
pohyafter level too high) or inefficient flocculation (e .g., when polymer
level too low) Because ion exchange and other charged chromatography media
are commonly used in the Purlikalloll of Proteins, residual
pulyelectrolyies can potentially bind to the media used in downs/ream
pinalication steps, thereby fouling and complicating the process.
90001Recently, technology has been developed which overcomes some of the
etialleng.es as:metaled with the use of polymers for purification of
biomolcoules (see,  Yrtailus- ts loped Which can bind to both soklbie ) as
well as inaCtIntcells and cation Nos.. 20 0:1011150 th t7enerai  a key
chaliNi stimulus which may he implemerkal scale to I;scale. Summary of the
lnvei    bliaturtlatailo irteltherapeutic p 



In some embochnienta ever'e.nt o\entlnn. stimulus responsive polymer
ecnnpnsmg p)i)ekctroyte backbone conmt s bydiopuobic groups iS provided,
whore the polymer is capable of binding and precipititting a
humollottCarOplU ilk.=ilowing the ,ad    backbone con )trises [1:010.]In
some embodiments, a stimulus responsive nolyt n, myenton cc: nptiges a
polyanIn stune embodrmcnts.one  phenyl group.  .rs'tcoordiug to e present
inn en ii are usefula desiredtolecule and dO 50sepanitinig the desired
lecule from one or ie end{ie.s present tn a sample along    which ikellis
the desirable target molecule bound and precipitated by the stimulus lymer.
in other embodiments, a stonsive polymer binds and ioonoleeule o.f
interest, which is an undesirable entity present in a sample the desirable
target molecule In some embodiments the biomolestIc polypeptido, the
desirable targetci poiypeptrde isan antibody (e.g., a monoclonal antiy) 100
*In other embodiments, the biomolecuie of i'it.eres.t is selected from die
gioup consisting of host cell protein, DNA. RNA, lipids, 'druses Idoioxins,
eil culture additives, whole cells and cc [001.5]In some embodiments, a
polymer according to the present inveffli 



sive to as.imulus which is a - [0016]Also encompassedifle preset', 1e
methods of usingt polymers described herein. The stinm'ius responsive
polymers are unique. over the polymers described m the prior art, in that
they supplant or improve upon one ore steps in a purification process,
thereby to substantially 'Tease the. overall       in target molecule,
desired to be purified or separated.frome undesirable e  100Attecti?  some
emnbodin.terns. a method of mere get ntokcukt is provided. wrei.tttit a
ounpic comprising a target tn comprisesof: ta) one ot more impurities; (la)
ctacttrre the &ample with a. ttt,spqnsiye polymer compnarng a polyelee
Laone et. prising one or more hyd:the backbone under a    Orate(Mn (atte 01
more imp tics?.increase the pun DIctt;ftile, a,In some enbodiittlentS
aecordina to the methods of the present method thither comprises the step
otrecoveget no ecuk fl the complex. iOU 19En another ore httnigratit3S
resitace() present invention b.rnds and precipitatesone or meec 'r where
the precipitation ol a ecunpiex oldie polymer and one or more
resultslalecule rim the one or more intpurittirm increase the
tnorts.ccorchngiv. such method comprises el tops f (a) pia target molecule
and 



one or mere impuri s; tra) contacting the satnpkwjth. a stimulus responsive
polynaer COTEt, aotydeCtrEiIlt:tiTskt groups attached to the bic:kbene
under a Coat set ofeottthbons suitable for the pobym it- man.s. thereby to
form a complex of tacat?,a CS;I, gottondnotis  unitabtrecipitanon of On
0net mokcuk purity:molee [00201some embed.responsive poisehe Intirmaittg
mits of the fiCkVinef; It and R2 are charged groups which form a part of
the pcdveieetrolyte backbone 03); and R5 is a hydrophobic group charged
group in the backbone. The ratio of ymonomeric units (tii,5 g a hydrophobic
group attached to the backbone) to the total number of                fre"
sum of x and v monomeric units) represents the 'perc.ent of hsdiohothc
modification" of the polymer, [0021:;in some embodiments, a stimulus
rt,polymer according to the presern invention CO vrisec the ii-14)01.A.
whemomenc units m the polymer; L. 112 and R1 arc charged rou         part
of the polveleetrolyte backbone (R): R4 is a hydrophobic group died to a
chzntcd gR5 is a fimctioaal group attached M  k'O toel tot.:nroonortierilit
tonts in the sum or y and 2 monomene iffinatiOti" of the polymer.
Furthenits (i.e., having a functional group attached to a char ed group on
the backb i) to the to  toinnericr unit modifies ri o 100221 Itt general, i



in Vent ion may0 ital or grede.r than 1w              polymer uicong.assed
by the presets of monor z,     vhere x atC111 fliOflOttiOflegongs (e.g., '0
1itth form g 0hydrC annoe group or a fluorocarbon grote embodiments.e. e
polyttlectrta-...k.Ti.. 0 e., unniodthed -.breed -reap in the polycieca
hack!or 0.05 to 0,75. According,phobic Troop  to 75% or between1.5% <.31
the tottd rolyte monomeric units (i.e., x [0024] ?flatus resp-  the present
in- rises the foil   R.t. and R.: are all 



inc groups which torm a pan. of the u:  wntairang polyelecamlyte backbone
(e.g., prnriary or secondary w.niriaa andiur iromatie. a 0,10S.); R4 is a
hydrophotho grottp containing 4 or morc cathca. nd.R.,5 is a hydropi ohic
groth 4 carbon atoms and seiec.&ed from an alkyl or a fluorocarbon group:
Ic units to the to    and the percent .func.tionM groin ic-C Additional
method aling to the presi ention toclUde m uxis which amble the purinceton
of a  target molecule or product of in1 of residual polymer  impurities i.n
the sample while reducing fixresidual polymer in the :cam*, [0027]to
embodiments, the Lade is an ainibe pacti,ent, the antibek0  In ariiiitiar -
methods according to the present inv hodiment recovering.:the target 91;
tentiments Tnt 'hide two r mofl. steps which tZt                  



tolircule in vs lnosnsnooraphv step. In cub eot:npnSes a. fi Mat nuhts
responsive 'polymer according; t  the inventii:its reansave polymer a one
or more Miran'" S, sold same or r may be used to pTget mein top of the
process.  WO 2011/146394PCT/US2011/036648 100301in some enThudinient.0ore
purities is selected group cnn sflng of host cttibody agcrcgaten. viruses.
oudotoydas, whole cells, cellular debris and cell culture at
'KrieJ'Oeseriytion nithe D.raswinis Fic,0schematic depicting the
macy13.111iI&C    n.hcxanoic acid and te  modiiic [0034] Example
[0035)Figure. 5 depicts a reapn for a polya [0036)Figure 4 depict 10037;
Figure 7 depicts a pcI multivalent ion tl:tnUlthS responsive copoimcr.
10038FigureS depicts an NKR spec (ETA) froir.  



100391Figure 9 depicts an INNIP, spectrum for ipodm.hcd polyaliyhmur [ix
ampshe  WO 2011/146394PCT/US2011/036648 100401Figure 10 depicts a graph
demonstrating the effectdosing natum Ins responsive polymer leg.. ehitesa
polymer lcidny. polymer dosed the V-axi,.; is the cantrate
turbidityI:scribed in Example 37. [004 1]depicts a graph demonstrating the
efiec.c orpolyrner dose 9ence and. thamce or a FM Mos for a beuzyl
tv3lyyiar The X9i.. -is is the polytIdity s described in Example 3
[004)1clarets a tyschemeii no: ules [00433 depicts a purificr.tion scheme
indudh'91) polymer used to improve the clarification of the cell culture
Ile stimulus polymer remt-wes one Of T.O0f0 impu efi, hi) ek d tamet
molecule. 100441Figure .14 depicts a iitioation s.heme meludirig a stimulus
responsive ised impiaw the aOr the e'en etultute. The stimulus responsive
polymer removes one or MOW OTO, however, he desired tareetdual polymer is
removed by addmga .stimulos ;00451figure 15 depict purification scheme
MeliaJus responsive uanhcaUon ol the cello. The atunulus polymer moves one
or more ip#ien. however, the poftmer does not bind Or molecule and the
residual polymer is removed by an additional adsotstep tollowlng
danticanon. 



Deseripti-  nention jnrvules. at leastin pad    and reduced conductivity
repolymers. In vanous embodimeiC.v, whole cells, cellular debris as well as
other stiln cell culture media, can also ciThetively remove inpurities.
from protein ixtur protein of interest and one or more it0rio herein are
able to effectire tameins/products of interest in a sam.,sops us te lbone
or morees present in the saroni and [00481CrIQOarc: .metiOtUSUIC th
polymers deseriennolectdesy. proteins, using a wide array of conditions.
100491Without wishing to be bound by leor),it. islathat the e 1 .ospomive
pol--,>, described herein e.an be Wie c precipita oiile protein or g
desirable  WO 2011/146394PCT/US2011/036648 product, or an undesired entity,
e..g.; one or more impurities including, e.g., host Quit protein, DNA, RNA,
lipids, fmtlo toxins. C.e" cult:Arc additivea, whoic cells and
aolitilatdebris. in g.iaiteral, anailecule bound by a polymer according to
the present nivtainon is referred to as a bitunisimmlo of interest, whether
it is the desired target molecule or an undesired entity. 100501The
selection of a particular stimulus itispousitm poly :her to fl.co"
described herein, is determined based on what the polymer is intended to
Hid. For example, in case of a biornolecide uf interest whieh possesses a
net negative charge at a 



pH above its p.1 (e.g,. Whttlit cons, cellular debris, DNA, endotaxina, and
proteins), a stimulus responsive polymer comprising a polyelectrolyte
backbone which is cationic tie., positively charged) is deainible to use.
On the other hand, in cam of a NomMeenle of interest which comprises a net
positive charge at a pH below its pi (e.g. ptoroirt4, a. stimulus
responsive polymer conaprising a polyelectrolyte backbone which is anionic
negatively charged) is desirable to use, 1005 IA positive charge could be
inherent to the polymer under conditions used during the purification
prt-tceas or the positive charge can he generated with a. change in pfl
which renders the stimulus responsive polymer charged. [00521Au important
parameter affecting the overall recovery of a biamolecule is the ratio of
hydrophobic modification gimps to the remaining unsitodified charged groups
in the polyelectrolyte backbone. For example, as the percentage of
hydrophobic groups increases so does the resulting lima.; of the
biomolecule through non-specific iraeractions, hatotittrat tOr a ghan
biamoiaculti, a specific ratio of charged groups to hydrophobic groups can
be used in order to maximize biomelecule recovery. Additionally, a high
percenuage t hydrophobic: griMpS M3y limit polymer solubilit3: and the
effectiveness of charged groups ma the polyeleetrolyte NuAbone.  WO
2011/146394PCT/US2011/036648 [0053Further. modificationof: as0 group in the
backbone of the polyect.roi?te polv& Mantine with benzyI chloride, results
in a secondaw aminei is charged under awid array of cdi coadwons. However,
such a hely, I mcdjfic adds a sterie bulk to the aminewhichta. ge
interactions AdditiunaB, modificationp in. a poI.yelectro.lytc backbone
with hydrophobic group can result. in a re .ction in the 11111111X.r of cl-
example, c:todttca.tJfln Of an amine g p of poiyallylamine with beruivi
chloride results in the formation of An amide linkageathertib.y rest .a
,..eduethin in the ni mbet of tharg"eil groups i:n the backbonereduction in
the number of charged. groups an alsoypolymers soiubility asa a: ability to
bind through charge-charge rote ractions. 054While, certain polymers
aceerding to the present rnuentionare   'i'onichybrid polymers may also he
i teolzed, which cotuprise. te backboneit-1 catiomc and modified withmore r
itp ch 'hybrid poihi,. tuntiorips Ott cationic -.;iitiare -eve va complex
To ning earil '             ratips on the backbone can ' d a hiontoiecule
of 'interest which ponaesees a net potn .eharge. Accordingly:the riiiiio of
uninodtRd eationiegroms.in the polyelearrolytedrophrsbic groups0 



determineolubilnx and stimulus necessary for the polymer iolex and capture
iotnulec.uIc of interest. Ito few t nod' tied ortionie gromhe
PelYdixtrolYte backbone canstimuli's  WO 2011/146394 dote opined based out
wellas the mr Wti4s usc pCbIVITh e.g., a multi vs poivelect.rolyte
baekbrie,Altem reduces the extent of the nvdtophon I/10ion required.. In
some  the need  for hydrophobic modmmultivalentst            :onocraratie
0, Altematwely. increasing the polymer inotecular weight reduces fhe inher
less) Or C3 pockff&thyte hyd ()phobic modtheation, Howe  optft it030 SO:1
0056 hiS'ar lalytc backix nrt tly thismokenke,          se the amount. of
residual poiva le polymer bargh polymer tents, the extent othydroptioluc m
% to 85% or 5tY, o be bound.by a stitrultus mspansive polymer,.
)emenhydrophobic modification is at least 1%, 2%, 3%c "%, 409.tl, 4, 50%,
.55%, 69%,'W4, or in some em ds 



Ca03i1l5 embodtnicnts, the concenu.Plox fbitinjing sail ranges cior to
S000iM, or trc4, Fixer'brining salts include but are not limited to
.roultiS,.7,alentiolSs such as, e,g,"as/abaft sulfate .,}md EficA.".
,erohlorate" doSodlodes"v1 RZOTIO.Sthersol aniorn ttraphbordas.smi
;ornpkx forming salts whi stimulus for the polymer:, dear the arm
procinnatioilends on thetors ioniolecule poiyelectrolytes such as polya
rotonat reduced so the &we  omaing salt which is required to induce ation
and iieh varier &yaw with pil wed of charge density Fecill be different Opm
e density state.              in general, invention maybe added to a
containing sample, in ek containing a targetor',fettle -a solid or in the
thnn 0  oncertranor is generally between 0.0l% atherein, a nut hire or -of
interest. is Walter)1 



addition of a imulus, e.g., a COg sail wob as a. mulnv on the polyonmFor
:mana concentration of 1% will require a higher amount  of mimulus r{.%
polymer precipitation. It is important alight CNC:en:Si amount in ordier io
CTISWe complete polymerprecipitahon through the stinuilus response. This is
in contrapolymer flising leads to Inoblematie restduai polyir [006.01The
present invention can N.ann  WO 2011/146394PCT/US2011/036648 the preferred
use is at the beginning: cd the process duriim Mai:inn:Monci durMg captme
of the targei molecule A single stimulus re:3pOnSiVe pOtMer or mixture of
polymers can be added in One or more steps and subsequently precipitated
using one or mom stimuli. The stimulus ran be applied bekire, during or
after the polymer associates with the biomolemile of interestone or inore
impurities or a desired zargzer molecule). AlSo, the stimulus can he
applied betbm, during or after the removal of the menipiime, which is
generally in solid form. The precipitate can he subsequently removed using
one or more techniques known in the art and/or those described herein such
as, e.g., filtration, settling, iterdrilligatien or any other solid/liquid
separation method or a combination of methods in simultaneous, parallel or
series separation schemes, [00611Addition of the stimulus responsive
polymer can be autiomplistied in several ways. The cell nit at media nvay
be aiidinsted to a desned condition prior to the addition of a stimulus.
responsive polymer, for example adjustment (e.g., reduction) of pH and/or
conductivity. The stimulus responsive polymer can then he added to the cell
culture media and mixed. The stimulus responsive polymer can be added in a
liquid or a solid tOrmitt. The polymer eontaining solution itself can be
formulated just that it adjusts the pH of Me cell culture media to a
desired condition. For example, the stimulus responsive polymer can be
dissolved in a Concentrated acetic acid solution. The concentration of this
acetic acid solution can be altered based on the volume, fermentation
solution condition and protein concentration in order to ponvide the
necessary pH adjustment upon addition of the stimulus responsive polymer,
thereby to result in the dc*iired polymer concentration and solution pH.
The stimulus responsive polymer can be added in concentrations where
spontaneous flocculation occurs, typically in the range of 0,0i to 0 tcwt
polymer Or 0.01 to 0,5syt polvirier, itOn the type and percent solids, milt
that the solution becomes cloudy and  WO 2011/146394PCT/US2011/036648 fonn
a precipitate. Alternatively, the siirn.tilus responeivepolymer can be _co
ventrale spneotistloechnon does not occurileF biontokezile .assmi.iation
dot o.un e.g..y, in :the. range.ot Pto 28ili WI polymer, and the solution
co orinal soluitoit of spontaneous floc occurs, more tUrbId than 1 



andpedynter"biotnolccule as: s  $ugh. use of a stimulus in a
purificationmre desirable  as it allOS sonic of the problems atisr is; c
sty also be used as &meat-tants,  'ith ovsi losinhe polymer, e.g.,  Ileum,
a stimulus responsi e polymer according to the.dded to the cell cutture
after frmiemation is complete and polymeris turmulated to bind a
biomolceule of interest winch is Ise    stimulus responsive p kk: is added
under conditions., a stimulus is added under a second set olcoodltion
thereby genet precipitate which includes the biornoicculone or ;note
Mitsui; as cells, cellular debris, host ecU proteins. DNA endomitdris, and
viruses). The said prceipitate can be subsequently removed by CCUtga:ion
and/or resulting in a clarthed cell culture fluid.. The resulting clarified
cell culture fluid may be quaintly passed thiusing a 4.>hkf,rtnktkitlEm
bind the desired laThe tareet molecule may subsequcuth  WO
2011/146394PCT/US2011/036648 capture step. Ageordirmly, in some oases, by
using a stimulus msponsive polymer according to the present invention,
which enables removal of one or more impurities at the clarification step,
miniber of additional steps may be reduced/ eliminated or modified.
1.00641In some embodinacnts, a stimulus responsive polymer is added to the
cell culture under conditions where the polymer binds a laimmilecule of
interest, which is not the target molecule. After the stimulus responsive
polymer is well mixed at the 



desired solution conditions, a flocculate which includes the biomolectile
of interest is allowed to form. The solid containing the. bionfolecule of
interest is removed tl,Y primary clarification The resulting cell culture
fluid is colleewd and a stimulus is applied to precipitate residual
polymer. The precipitated residual polymer is . subsequently removed by
secondary clarification. The resulting clarified cell culture solution is
passed through a capture step using a chromatography media to bind the
target molecule, it may be possible to remove the residual polymer using
the addition of a stimulus at any of the purification steps following
primary claritieution. Also, it may be possible to add a stimulus to remmm
residual polymer at any step or add one or more stimuli multiple times
throughout the process. [006.51in another purification scheme, a stimulus
responsive polymer is added to the cell Otelitire fluid after CETOICIlatiOn
is complete under conditions suitable for the polymer to hind one or more
impurities, such that the polymer does not bind the target molectiiii"&fter
the stintalus responsive polymer is well mixed under the desired solution
conditions, a idinuilus is added which forms a solid precipitate with one
or mom impurities. The solid precipitate is removed by ceimarligation
andlor filtration. resulting clarified cell cal 'lure solution is passed
through a finer which is capable of binding the stimulus responsive polymer
One of ordinary skit: in the ad can readily  filter with similar ropernes
to the hio nolecuic of El0 be bound by the polymer may he provided.
.Ahcrnadvely a filter possessing a charged group that has the same charge
as thett01 interest and charge oppwsite that of the stimulus responsive
polymer [0066.1Membranes, packed beds or filters mayal!1  Polymer Iron,
solution, For example, an anionic mn groups could he usede a; filth with
binding properties sin  no c.onta'ningtid pot:sixes  polymer MSC?, fr. toe
the polymer can           c the stimulus is aa contains mu me  same way
that plxttaphant ions caniple, with lyamine 



preis,...m. Also. beads (e.g.. poiv ueiterylate) nodi Red will could be
used in some embodiments. thilowiug filtration of the solution with a that
can removerespousive polymer, the result...., solution is pas through a
Gamin-a e}rcmiatogmphy media to hind the target ninnolecule. porous
materialcan bind the stimulus responsive polymer. it is alsopossible to 'so
means at a sthala sten ormore than one or TEIE, a it ; the polymer et /,
adsorptive: ette. s atstep be used in tr. natal capture amps.  second
polymer which binds the target molecule. These two pct.mrs e.mld liup in
separate step ore step1t.11. NS target moiccufr and apolyeleette  rf.
binding on or nimpThe sngle polymer cold( bit theand one or more itsingle
tep or multiple steps Stib:ce of the target.m6locule from the polymer: may
oeeirr after several differeut precipitation/stImulus. additions or
washingsteps. The sdmu ins responsive polymer i.:.;rin be added after thee
pture step and mind to clarify suspc  iinpurif sunruhis r ponsuvo polymer
can also eine embodir id,d and the Kuhn of ion exchange, hydrophobic then
idergo a series1 non Pei i00691Fn order that the p  ion or other steps
after the capture step. enhance polishine. steps. exposure of 



is may be lgh a series of polishing step10                ad othersl, The
sob including virus filtrattrafiltraiiin sure may bgathly understood,
certain terms areigfAdditionalgidom are sot ihrrh throughout the detaikd
descri  cdtions   [he Wm? "s mulus"Ot "sind hOrnin., iS  ti to reter to a
physical or chemical changecArt which iesinu ii  gly, tht rcsetO inveeltdes
novel polymers which a surnulus and whichhe polynie Examples ofan or more
pown u-s:d-seritvE -rein are responsi tOg. ,changes and/or,<.,nne el .1. 1
nenN,..a stOlItlius .eomp compiexingnipkx formina.salt to a sarnpk-:In
.k.nti. stimulus is eneraUy" added afteraddition ot a: polymer to a &mlple
Although,the m Mded darima or before i74.ctinnat a polv:nwr in a sample.
10( 1 i.'The term "polyd here',10d4200/ macmed by covalent hr.IKage of two
mi.xc inononier units These monomer units can he snthetic n nature The
pulymom harmed be he re zing units can be linear or 



pies of nofun era i V1000 gly0e1, pcyethylcne copolyttiem0 plumni0s,In
som0embodim lyme.x.s coatpcilvtelee which may be 06.ethods acco copolymers
axe xe po1yners, the mo.s are             o, polyethylene lycol, mlyvi
rtylalcohol, poly- re                   methacrylate, no to t'c'an mvertacv
eribed berth ag to theYention, where the M general, ft isse of a co-
addition of ormolus. A typical St uhxs response is a chapolymn solubility.
For example, the: polymer poly(.;;:,"ide) is water solubleat temptires
Mralcbat become thsokable in water at temperatures of about  WO 2011/146394
in a portknktr embodiment, e pelyvinylamith pch k1 phosphate stiohidrio,
'polyricotrolyto hac n 'pOIVTIlCI co fitting two oft 



units,kast 55% of the  r at least 70% of the an. ' S5% of the UnitS. 0
rued functionality, In other words, at least 50% of the monomenc t of the
unit In sonic embodiments, a enhuns at 'east two Or more monomeric
e charged Ulmse of the PelPttr1)1 'backbone oip&ymers. in which each of the
nh0000acric units contains a utility; such poly.nture may be. cccfrrred to
as "continuous pulyelectrolyies," Exemu'erant 15)11 limited to,
poiyallylarnino, poly inylionine, poiyacryho acid, poiyr mephutic achi, It
e also coutompiated that one orentities, which ar different fu3
polyeketrOlyk lobr or chemical group. *hum has Ji hydrophobic groups
include, but am not r lited to, phony; groups. ternary butyl groups
poiyeyiie phatie hydrocaomit tic art chaikir thous such as pniculat
enthothinetPcnyl group.hydrophobi group can freearben and contain
betereaton  aU o the polyelectrolyie Ii ckbone is iet.0 for alt solubility,
thereby to tmpro thestimulus responsweness of btf tartdOSPEEIble to have a
number tewithout a stimulus.  ; 0075] 



Sk,i olthe polymer. Aertottlii hydrophobic lflOd.UH)atlon s luiportaut and
itt Ace dngIv the perceI bon ity or at 'least 3%, or at least 4% or ati
leastor at least teat 55%, or at least0 , or at least 85% 76]'omen
mthlitied poltailectrolvto charged monomeriepolyelek"' o  --]0
pialytilocttheged group auached to thesphobic  M any substituted  or
imMibstitutPd neyclic cauhoncoatainine(loulluounds.              ;cnes and
altynes. Examples of Mkpi groups include lower eainpie. methyl
ethyl,isotropy], n-b: Iso-hpupper alkyl, for (Aar]tsI. istsdocy] like;
lower alkyleup, for exam/pr]m)lenp, piamHi  peptone, n-hexem or isohexenc;
and uppc.r aikyl iso-octene nonene. &Tem and the lii]. with nun-wraps
straight.car, as we eucornpassedbv the present invention.  00791In
additionay] ip-oup may so cone: f Whieh one ox more.rope mms is replaced by
a functional pimps include hat not. Innoedrbox.ylie, suit and the like. At
used herein, the term "a 



hydoearbon chain,eat least one of the carb double bond. WM.)]As usthe term
"a. terminally sust 03 190811As . used herein, the  tertitut.ed with at
last one at-vt WU)As used berm]s to a hydrocarbon ring bearing a mated
double bonds, oftenat least sixelectrons. Examples of y] groups include,
but are atphenyl, naph.thyi, anisyl, tuba:  WO 2011/146394PCT/US2011/036648
ranchedto a stra:icht or  hith one or more hydrogen atoms is rt.1,by si
wirine group, Chain, or bra ched chain fluor arbon itha011rs :0 any
sO:sijuitai or unitabitti ted amid alkynes. isot ample, n-Itept outanana
conipoonc vi ) ri)s. ineludo lower idkyl, fix example, t,upper silkft onyl,
diecyl, and the hke lower aikyki alkenos  example, Lthylene, propytene,
propyl)enten per alkylene, tbr examn-beptutiso-mten iik0 in general,
itunderstoodone or ordinai) 



inn numerotr, as well as :biunehed 4thin the scope of the
presention..adt.3+3.33.(ilfTtDUp also contain raricoisTM or  no - hydrogen
fluorin clad (00R41 r dcsenc.d henna, In other words, a function group is a
group. which is distinct fromIso attached to the poiyelectrolyte haurged
group in the backbone For e> some embodiments, a- a ligand for chana
properties of the nolym Lo)xylic amino, quaternary, amine and diet01105.
LEOo vide additional desIred properties to the polyrn alterino,.a
utim0'.vons3".ve to a 500011  PrIVid( it s rite binding caExamp e, but are
not dmited,ge groups. I'silk'faction groups, ehielate or cheli.th having so
t.alled piti..nteroeliotarget compot -ids, hvdrog  [00g6IThe term floe cu
lant. such as a polymer describer .tre suspended insohibie or soluble impt
*rein,refers10 of a to the order to The p ... Ino 



VA be  :oltilion at a conccntraton which allows fry spontaneous ion
aggregatesfrom solution via typical sol methods.    sonic embodiments.
a:sample from which a tarp?: mcierule is to he purified using one tp.t.
more stimulus responseve polymers described here  WO
2011/146394PCT/US2011/036648 contaaing the sample with a stimulus resrums:
Ye polymer. Partial purification may be accomplished, for example, by
suk:ijecting the: sample to one or ru(N.e purification smps., such as,
e.g., one or more non-affinity chromatography stops. The taro molecule may
he separated from one or more undesirable. entities or impurities either by
precipitating the one or more impurities or by precipitating the target
molecule. ION;L,S1in some embodiments, a; stimulus responsive polymer
according to the present invention binds to a biomoleettle of interest
which itself is a target molecule or product (e.g., a. target protein or
polypeptide), under a first set of conditions And precipitates the target
molecule under a second set of eonditions, e g., upon the addition of ,a
stimulus to the sample. In other embodiments, a blomolccule of interest is
a molecule other than a target molecule. In other words, the biomolectile
of nuterest bound by a stimulus responsive polymer described herein may be
a molecule which is not desired to be associated with a target molecule ma
smuple. Without wishing to be hound by theory. U. is contemplated that in
some embodiments, a stimnhas responsive polymer according to the present
invention binds and precipitates one or more of host cell proteins. DNA,
whole cells, eelliaar debris, viruses, endotoxins, and/or cell culture
additives, upon the addition of a stimulus,. ACCOldi ugly, a target
molecule (e.g., a target protein or potypeptide) could berunified using a
polymer described heroin either by precipitating the desired target
molecule or by precipitating one or more undesirable entities (e.g., one or
More impurities.) which may be present .M a sample containing the desired
target molecule. 00891The term "precipitate," precipitating" or
'precipitation," as used herein, refers to the alteration of a bound (e.g.,
in a complex with a himmUccule of interest) or unbound polymer from an
aqueous and/or soluble state to a non-aqueous andfor insoluble state.  WO
2011/146394PCT/US2011/036648 [(09(fl'the term "biemokeele of interest," as,
used herein, refers to any molecule which is bound and precipitated by a
stimulus responsive polymer described herein. her exatirple, the
biomolecule of interest can be a desired target Molecule such as, for
example, at desired product or pulypeptide of interest (e.g., an antibody),
or it can be an undesirable entity. which needs to he removed front a
sample containing the (leaned target molecule. Such undesirable entities
include but are not !Mined to; tbr &ample. One or morethipurities selected
from host cell protein, DNA. RNA, protein aggregates., cell culture
additkes, viruses. endow:mins, whole cells and cellular dobriu
tonns lltarget molecule," target biemolcenle," "desired target molecule"
and "desired target biontrilecrile," as used interchangeable herein,
generally refer to a polypeptide or product of interest, -which in desired
to he purified or separated from one or more undesirable entities,one or
mere impurities, winch maybe present in a sample- containing the
polypeptide or product of interest, The terms "protein of interest,"
"target polypeptide," "polypeptide of interest," and 'target proten,' as
used interchangeably herein, generally refer to a therapeutic protein or
polypeptide, including but not limited to, an antibody that is. to be
purified using a stimulus responsive polymer ace:in-ding to the -present
invent-ion. [00921As used herein interchangtiably, the term "polypeptide or
"protein," 



generally refers to peptides and proteins hating mom than about ten amino
nands. In some embodiments, a stimulus responsive polymer deseribed herein
is used to !separate a pra tein. or geh:,ptrgtillie fre.in one or
in.b!ein3Ideairable einitiewpresent in a sample along with the protein or
poiypoptide. In souse embodiments, the one or more entities are one. or
More impurities which may be present in a sample along with the protein or
polypeptide being purified. As discussed, above, in some embodiments, a
stimulus renponniltt p.01)11iei. deScrikx..:d herein siaricifical4 binds
and precipitates a protein or  WO 2011/146394PCT/US2011/036648
pc4y./0.tplith: 01 interest upon the addition of a stimulus to the sample.
In other embodiments, a stimulus responsive polymer described herein binds
to and precipitates an entity other than the protein or polypc tide. of
interest such as, for example, host eel: proteins, DNA, viruses, whole
cells, cellular debris and cell culture additives, upon the addition of a
stimulus, [010931In some embodiments, a protein or polypeptide being
purified using a stirrolos responsive polymer described herein is a
mammalian pancin, therapeutic protein or a protein which may he used in
therapy. Exemplary proteins include, but are not limited to, for example,
tenni: a growth hormone, including human growth hormone and bovine growth
hormone; growth hormone. releasing factor, parathyroid hormone; thyroid
stimulating hormone; lipoproteins; alpha-1-antitrypsin, insuM A-chain;
insulin WehaM;InoMStaili;to is. t untriubning hormone', enkitoulw,
lineinizing hormone; glucagom clotting factors such as factor VIM:, factor
IX, tissue factor, and von Willebrands factor; anti-clotting Eactors such
as Protein. C, atrial natrimetic factor, lung surfactant; a plasminogen
activator, mei', as unakinase or human urine or tissue-type plasminogen
activator (t-PA); bomber:in; thrombin; henucolulic growth factor; tumor
necrosis &etc! -alpha and -hem; enkephalinase; RANTES (regulated on
activation normally I-cell expressed and secreted); human macrophage
inflammatory protein (MIP- / -alpha); a serum albumin such as human seram
albumin; Muellerian-inhibiting substance; relaxin A-chain; rclaxin B-chain;
pun-chi:kin, mouse gonadistropin-associated peptide; a Micr:thial protein,
such as befa-hrelamauc, Dnauc: IgE: a cytotoxie Tirriphoeyte associated
anligen CTIA), such as CTLA-4; activin; vascular endothelial growlh factor
(VEGF); tncepters Rir hormones or growth factors; Protein A or ti;
rheumatoid factors; a neurorrophk:. fadon such as Ix-me-derived
TICIARItrot>hic factorneuro4rophin-3, -4, -5, or -6 (NT-3,m NI E  WO
2011/146394PCT/US2011/036648 or a nerve growth factor such as NGF-13.;
platelet-derived growth factor (PDCIF); fibroblast growth factor such as
ociFGF and n'aFGE; epiikamal growth thetor (EGEF, transforming growth
factor (33,iF) such as IGF-alpha and ME-Iseia, inch:ding IGF-    TGF452,
TFIF-153,&FS, or 133Fiii; insulin-like growth factor-I and(IGF-1 and
ICIF-IE); des(' -3)4CW-I (brain lGF411., insulin-like growth factor binding
proteins (IGF131)s): CD proteins such as CD3,CD4 cos, (DI 9 CO20, CO34, and
CD4fii, arAroPoiaIIM ostcoinductive tiseinrs; immunittexins; a bonc
oiphogeiletic protein (BNIP); an interferon such as inierleromisiplia,
-beta, and - -gamma; colony stimulating factors (CRE", iag , MaCSE, OM-CSF,
and G-CSE; natal leukies 0.10, e.g., DA to IL. 10; supetokide disnititase;
T-coll receptors; surface membrane proteins; decay accelerating factor;
viral antigen such as, for example. a portion of the AIDS envelope;
transport proteins; homing receptors: addressins; regulatory proteins,.
linear ins such as MI la, MI lb, ay: lc, (:DIS, an :WAX VIA-4 and VCAM; a
tumor associated antigen such as 14Eit:3 or HERA rocapior; and fiagments
andlor variants of any of the above-listed polyporaidea, 00941Further, in
some embodiments, a protein ot polypeptide purified using a smart polymer
according to the present invention ia an antibody, functional fiagment or
variant thereof J8SOTIre einfraihments, a protein of rraCrtA is a
recombinant protein containing an Fe region of an immunnglobulin, 0095jThe
tem 'immunoglobulin,' 'la or -antibody' 1,used interc.hangeaNY herein)
refers to a protein having a basic tour-polypeptide chain structure
consisting of two heavy and two light chains, said chains being stabiliXed,
Cm' example, by interchain disulfide bonds, which has the ability to
specifically bind antigen. The term 'single-chain immtim Tiobulin' or
"single-chain antibody- (used interchangeably herein) refers to a ptotein
having a two-polypeinide chain structure consisting of a heavy and a light
.. region Of a heavy balit chain potypeptis gr. r role  



gnains, Iho -constant" domains otody 'heavy chti referred to iderchaneabIv
a 1tavv chain constant rentnsia &attain-a",regions or 'tellThe "-vaof tinti
gitly light chains arevd to interehably asWe agions-chain               ,
uns tn "VI:," domains. The riablo" donannsflt aiti.body hetwy chains are
reierrd to interchangeably'y chain 404:4e ragiore, heavy chain variable
dom.' ", regims or dwnaiw.s 1.minunog.iobubn or whbeda..9iny he. ,,onotIoLd
Or Only-along! and in monoiM antibridies which exist in rm and/or IgA
axthbodie winch t"ta mononierk, dimrk or imitinnoglahnliu antibodigida
nnthispecific     cifk inprisg, art or portion oan anti  tuniixxyS4i t:mL4
a:',;. they Etttain, OF .domaimhiginenr ntitxxlytesvot atrin  WO
2011/146394PCT/US2011/036648 residues than an rntact or compkteantibody or
anrihcibe ebtacomplete. antibodY or                           also be
obtained by reco bi.narn means, When produced recfragments may be expressed
:done or as pan of a larger protein called a fusion protein. L\e1tpic5ty
fragmentsde lab. Fab', F(abi)2, fic and/or FY tbrments. Exemplary fusion
oteins includeproteins. 10097)Generally. an IM moglobulin or antibody is
directed against an of inantigen is a biologically important polypeptide
and administration of the antibody'-dieting from a disease or disorder 



apenticis directed lob as tumor-associated glycolipid antigens, see Pat,
No. 5.0are alsoWhere the antigen is a polypeptide, it may be a
tranmembranti moleguireceptor) or a li.gand such as a growth factor,
l009"monoclonal antibodused herein refers to , obtained from a population f
substantially homogent antibodies ompr 'one ih pov In o an.ideRt4:In:0
occurrd antthodig, highly specitic, being directed against a single
antigenic site. I/tither:omtt.rast  WO 2011/146394PCT/US2011/036648
hybridoito Enetbod l'it described iry Kohler et al., Nature 256:495(1975),
or may be made by tecombinam DNA methods (see, e.g., U.S. Pat. No.
4,816,567). 'Monoc)onal antibodies May also be isolated from phage antibody
libraries using the techniques described in clackson et al., Nature
351624-628 (1991) and Marks et al., 3, Mt)), Biol. 222,581-597 (1991), for
k-fxample, [0099.1Monoclonal antibodies may further inchide "chimeric'
antibodies (immuntiglohulinst in which a portion of the heavy and/or light
chain is identical with or liontologmis to coriesnonding setmences in
antibodies derived from a particular specieit or belonging to a pimicular
antibody class or stil:iclass, while the remainder of the chain(s) is
identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or
subclass, as well as -fragments of such antibodies, so long as they exhibit
the desired biological activity (U.S Pat. No 4,816,567; and Morrison et
a)., Proc. Natl. Acad. Sci. USA 81:6851-6:855 (1984)). $001001The term
"hypervaiiiiNe region.- when used herein refers to the amino acid residues
of an antibody which are responsible for antigembinding. The hypervariable
region comprises amino acid residues from a "complementarily determining
region' or "CDR" (i.e. residues 24-34 (Li), 50-56 0..2) and 89-97 (13,in
the light chain variable domain and 31-35 (Hi), 50-65 (112) and 95-102
(1:13) in the heavy chain variable domain; Kabat et al., Sequences of
Proteins of Immiinologiital interest, 5th Ed. Public Health Service,
National institutes of Health, Bethesda, Md.   991:0 and/or those residues
from a "hypercariable loop- (i.e. residues 2.632 (Li L50.- 52 (t2) and
9i:96 (13) in the light chain variable domain and 26-32 MI ), 53-55 0127
and 96-101 (:13) in the heavy chain variable domain; Chothia and Leak 3,
'Mot Biol.  196:901-917 (198"FR" resides are those variable domain thenon
residues as hereIn defined, 00101"Humanized' forms of-tu ahics are chin k.
antibodies which contain nu.al se aenee trecved from no$unnan
immunosdobittin, Fa, tilt D3US p3. I huma'3.`A -bildiejA Alt hAITAM
ITni'ulobol- 



oh hypem.ret on residues by h3fpervariable reginn residues from a
non.human.specie, rat,h31 nrinimelesited sne capCefitR) Pas" onmunoglohulin
are my:laced by coMg non-I humanized antibodies t'omwhich arc nut faun
antibody or in the donor antibody, These moddteauoi antibody performhatin
all of at ieas one, and tw,eally two, variable.h of tbe hype rvais
correspond to those of a nomhuman intinuno0obtilin and all or substantially
all 'the FR regions arc those of' a heninnnuraaglc3buIin sequence.. ihe
humahe will comprise at least -tiout an constant regiontypkaut
"to-1001.'811in. For limber details,fortes eta],, Nature 32 I :522-525
(1986y" Riechmann et al Nature :332:313-329 r198to Curt. Op, Street. Biel.
2:59 1001021In some embodiments, an antiSitliCh is sep'fed using $timktito
wsr SiVe polymer accordinginseetb. antibody. xci.rapeutieanbediesin
(HEROD-I-Wm% Genentech, Inc..Carter et. a] (1992) Proecad, Se' 54289;
I,.5,725,8.56); .ant "i)  12) or LOSIt41.4 (St John etst, IC' 2, and
WOVEOFstlies including hand1or VEGF antibodies such as the ht nizedmiUVUCh
antibody A4. 6,iN179, Genentech, Inc., Kim ci id (1992) (roistit 7:53414,
WO 96WO 98145331); z "-PS.CA antibodies IWO 01401 



ti-CD40 ntbodies. including, 52C6 and in() 00/753410, a (U.S, Pat No
5,622,700; WO 98/23761; Steppe et at (199 Transplant hitt 43-7:
tiounna(1994) Transplantation 58:377-380): satti-IgE (P esta ci at
99.59.19181); antiCDi8 (U.S, Pat" 51691,709 WO 97126912'rincluding .E25,
P26 and E27 (1.1,S, Pat. No. 5.714,338; 1.1.8." Pat, No, 5.091,313: WO
91:04173;1LS. Pat. No, 5,7anti-Apo, 2 receptor antibody (WO 98/51793);dies
irceindi rig (RENtICADEIm), CDP5.71 and MAK-195 (U.S., No. )1)72,347; tA
ay: et Lb: ntwol,1653; Dhuinautet al (199Care1 1469), aniiUssue Facto,r
(IT) (EP 0 420 937 Et 0, antihumao (WO 98/06248), antalatilt, c mine--h rda
kon nncJ 225 arndx)dy antiCL)3 antibtadie.s. such as OKT3 (110.
4,81.5,.8931; and.CD2HS or antLw anti ostles such as tail-671 .SIMULECTIm
and ZENA.PArm S. Pat, No 5,693762);antibodies jjaf,' the cM-74 1 2
antibody.4: et at (1:9 Arthriti.6.-0)52 antibodies such as C.AMPATH-111
(Riechnsamet al 11988') Nature 332:32a-137X anti-Pc receptor (ditta ccabli
as 0)0 tibody directed againstas in Grariano ci at I 1995) .1. Thin:tuna
Os 5%20s): anibodies thathind to colon caninoma cells. such us (3242
tlittOn et ai:(1996) Eta 3, Immunol. 2.e(I.y1-9);.uiti-CD38 anubodies. e.g.
AT 1315 tEllis et al (1995)3. lnrmunoi. i5521:925937); anti-CD33 ()ureic et
a) (19951Cmcer Rec (23 Su59108 and fl 4A676 c :DP7 7 1 ; '022 antibodies112
or Lymph:kick Itid et aCUT Res 55t23 StS9 sEpCANT antibodies such as 7-1A
(1'                   ie.s such as abciximah or CD f (REOPROM); anti
thilibo(SYNAO1S"'); and-CIAV antibodies such as     filil antibodies such
as PRO542; antihep tuis autibod s':as iruihc.siy OSTAVIR:m): anti-CA. 125
antibody OvaReA ; a 0dy BEC2; antia1pha beta3 amlbod 



renal cell carcinoma antibody such as ch-C3' (3622W94); antlihunian
c&orccuantHuinan melanoma antibody 1(24 directed againstus squamouscell
cuictucint 25); and antthumun leukocytcs such as Smart0 and the a,nd4lL.A
OR antibo) Vie 1031The icons "contttrtii onioleculesnch as aRNA, onf cc
mornt (TICPs or CRONoxins,yiruses, lipids and one or mOte additi/ presentpo
vpeptade of interestamibod beingspaone othreigrt 01 U iQCtOHiIbIemdtic   g
to theso embodiments, a stthwlus reapomiive polymer described herein binds
and prec lrom a. sanapie con amin,a the protein C. ties, In other
embodiment.,responsive tad precipitates one or moret, by separate the
polypeplido or protein of interest from one or inure impurn [00104]'line
terms Ifcell protein' and "CHOP," as used inproteinsrived l'hineae hen ster
0CCR07) cell culture. The I.ClP orgenerally pro    get prolefound in a
lysate tal )O1 Qt'The term "cell eulturiused                    iveL which
in added to a tell ettintre process in order to Mailitat- or improve the
cell euiture or ler entation 



acemditte tntion, wstimulus meponst\ 0ell culture a) d'parry YeiI culture
addmitloarn agents, ant  WO 2011/146394PCT/US2011/036648 [001071The term
'parts per million" or 'ppm: as used interchangeably herein, refers to a
measure of purity of a desired target moleculea target protein or antibody)
purified using a stimulus responsive polymer described herein. Accordingly,
this measure can be used either to gauge the amount of a target molecule
present after the parilllarion process or to gauge the anti-sun of an
undesired entity in some embodiments, the units "ppirt" are used herein to
refer to the anroutit ofan iMpUtityor a solution, e.g., }KT or CHOP, in
nanogramstmilliiitet of protein of interest in                  cHOP
prinfol'CHOP ilgji1101(prOtin of interest in.:ire-nil. When the proteins
are dried (e ,g,..,by lyophilization), ppm refers to (CHOP ng)ftprotein or
interest mg)), [00 OS]The terrna -isolating,- 'purifying" and 'separating,'
are used interchangeably herein., in the context of parleying a target
molecule (e,g., a pobpeptide or protein of interest) from is composition or
sample comprising the target molecule and one or mom itnpurities, using a
stimulus responsive polymer described herein, in some embodiments, the
degree of purity of the target molecule in a sample is increased by
removing (completely or partially) one or more impurities from the sample
by using a stimulus responsive polymer, as described herein,. fir another
embodiment, the degree of purity of the target molecule in a sample is
increased by precipitating the target molecule away from one or more
impurities in the sample. 100109]In some embodiments, a purification
process additionally employs one or more 'chromatography steps." Typically,
these steps may he carried out, if necessacy, aher the inhalation of a
target molecule from one or more undesired entities using a stimulus
responsive polymer according to the present invention, l001101la some
embodimmus, Imrification step" to n lak separate or purify a polypeptide or
protein of interest using a stimulus responsive polymer  WO 2011/146394
described herein, may he pa "homogeneous   composibon or sample con prisine
less than ' 0 comprising the pr  thaless than 0 less than 20 pm, less less
001 1'The: tern "clarification mom Mitial:st dtion of bituriolecules, The
el compof cells a o 'OR alone or filtration recipitation, flocculation and
settling, 000 Or more undesiMA 



step. Inki..g, capture of the desired elaotieanon is the removal later on
result in the fouling of a sterile. tiher    and highput of downstream
fillets. described in the Examples herei 11 21The term "chromatography." as
used herein, refers to any he technique which separates an analyte of
istews rit in a mixture. Usually, the an molecules as a result-differences
in rates at (rieCtihr) thffill other .d from other  rough a shalom.,odor
the influence d and elute processes,  PCT/US2011/036648 used d of
phasesolid phase) which ale) from other nicittxmle separated from other
molecules n.s a tOsuit ol iiUuencc ofoving pthase or at brnd and el.
processes. Etavartotif chromatogm rige reitins, artinity resins, anicm
exchaittic 'resins, anion exe membranes, hydrophobic. 'mteraetron esina and
ion exchange monoliths, [00ibe term ''capture, step f AS used here. 



used for bmdmg a target moeea1euhis responsiv unatography resin, which
results insolid phase containing a pram nolecukt . and the p&ynier orthe
target molecui.eie .subaequentl rec.ovxredusing an clittion step, which
removes the target molecule from the solid phase, thereby tilting in the
separation of the target molecule from one or more es, In va meats. the
capture step can be cond graphy media, such as a resin, membrane or
monolith :Annul ) responsivepolymer, polyeic tolor ;clr which binds the
target molecule. (0011 slallused herein., refers to aby the interaction an
acid and a base, Various salts witsed mm employee in the methodsdescribed
be0" Ii cd sodium ac teli, citrate {ejc. sodium citrate), chloride (e.g,,
sodium eblonde), suit it urn sulpha:et, or a potassium                 The
term 'multivalent salt' or "multivalent UM,' as used interchangeably
herein, refers to a compound which contains more than one charge or a
charge containing group. In some embodiments, a multivalent salt is used as
a stimulus which results in hanging the solubility of a polymer responsive
.$ the salr stiimilus, usually resulting in precipitating the polymer out
of solution. Exemplary multivalent salts which may be used include, for
exampk-4 Phosphate and sulfate. Also encompassed by the present invention
are counter ions which may be used such as, tbr example. citrate. A
multivalent salt, when used a stimulus as described herein, may be added as
a stand alone reagent to a sample containing a hiomolecule or interest
along with a stimulus responsive polymer. Alternatively, the salt may be
attached to a substrate, e.g.., a membrane.. En a particular embodiment, a
membrane is modified with polyvinylphosphate, v,thich is a multivalcmt salt
containing mdymer coating, A multivalent ion used as a stimulus, as
described herein, is considered less detrimental to protein structure and
stability, relative to other stimuli such as. temperature and. phi 10011in
some embodiments., multivalent: salts are capable or interacting with one
or more entities, the: by to form an associated species or complex.
Accordingly, such :salts may also be referred to as "complex flaming
salts,- Non-limiting examples of complex terming salts and their resultant:
complexes are multivalent cations such as      and CW' and their complexes
with the carboxylic acid groups tbund in othylenediamMetelmacetate:
multivalent, anions such as phosphate (PO;) and citrate and then complexes
with primary amines found in polyallylamine., and km-associating ,salts
such as perch:orate, dodec-1,4 sulfate and dodecyl benzene sultOnate and
their complexes with primary amines found in polyallyiamine,
f901181"iontassmtiating s 1t k a univalent (cation or anion), bulky and
charge-dispersed salt.. In some embodiments, an ion-associating salt is
used as a  WO 2011/146394 sir uluswhich 'MN dts in char Stiflik
associatingsalts which russ beusecl Par te.nn soi stbstance canabk. of
dissolving or dispersi Solvents ichideaqacous  PCT/US2011/036648
outsolution, s 



ally re.ters to liquid Nubstances toP: Ic solver s, where usctId organic
solvents    include a coropsaar :solver glycol, propylene 19012.0;The
ri.thitrigettbly latrein, re balance:a :iv; negative emin  1, isopropa
util,. iteeteni ol ar 'is electric road' ) eptide., as used at whieh the
polypeptide's positive can be calculated from the net chugu of the amino
acid                cid residues of attached cadxhvd.nues of be polypeptide
or can be deLenuled by land Iibirrinventifollowing examples \sin onstrued
as I uurrg. the contents of an references. patents  JPhCatIrUr cited.is
application, as well as the Figures 'rein by reference. Examples dim 0
xpres tq( all Culture FLuid (CCU 100'texperiment, cells derived Iran a
nolfessinC chthioeiicell Line were ,rown in a ICI: inann toi. Brunswick
Scientific)density of lexi.06 cells/rot cud itcrveste.d at 63% viability
leCi was spiked hi a concentrat3on oiLi WI_ The level of host eeil proteins
(11CP) was  



WO 2011/146394 found to brt POO t 1ainpIe 2 Synthesis of a stl.mnhis moons
PCT/US2011/036648 Civ1015)of the icr comnrh  SvelectrolYte hnkbooe morticed
willAt- In a re, a StifflulilIS.r eony wising a polyu .ye (BA/PAA) backbone
rncifiod with was synthesized. A polymer . pmha polyclectrolyte maboog
yd.rophonie group was syrnhesr.. 'd lug a ti.3ixtuto Of 103 e or
40c.!..,sot Ihnopcyall[NIII01.30 i so kr)), 2 gn hydroxide and 20 mi. of
:50% water/I, which was stirred until c.eli 031x0d. A sohdren cr2.. mi.: Of
bertzyl methanol,13 ml, ofs added to the 'solmiot at 60C for :4 hours. The
henzvl modified poNaliyiam.me was of the reaeton p000111 as a resulttherfln
i.neompa.ubLIth with the solventtate w:ashed  h a!Om redissolved'1Miicfl
The noiynier was thither greet:tato:in ush.,_ SOwate at pH 7. Figure 1
depicts a the reactionyaflyla.none polyeleetrolye polymer witi he sichlor
liflcdpolviflvttinine    [00 '2.-t] pC51Y3O t2 teroperutu 



non of b3iMPAA was g of I Nt CCCII acid with continuous:301w, slightly
'hazy..  WO 2011/146394 100)251 and Pig The samples were mixed reduced the
H to anne ofp 4,5 u 5.5. the pH of 2M Tris base to a pH of 7. To the
resuit.inp solution, dihasie was added in Order to precipitate. the
ioovtunifen debris complex. ThectlerS solid suspons:  C- The precipthn
(4000 rpm for I nunThe sup ft2um Du.raporeaThe rest Eutaw 5: Use of it with
Re H.L.MPAA front   was then collected via cen rchsample was then tilternd
that tiled in .fable 1 ixdow. eXpre tied to four samples (0,4g nac
CUMrigof abe unclarifie cell culture fluid from Example I, The ampina were
timi at room temperaturerayMer addwon reduced the pH to a Map oi$ 4:5 to
5.5. be pH of themixtures were a of 5,5, 6:.5 7..5 andspectively. To the
resulting,. solutiun. 0.043g, r 



phospkasadd&uI in order to repolymer-target. molecule, and cell debrisofa
dispersed solid S1SI)enSI.O1L was nixecl counnuousis he pree date was
COMC.ted via centrifi4 min 1e was then filtered through a0,2mr,4)0nocin
titian The resu is tletai4 c.xpressullCCE. Tablet.  Sasnp:"..s fronn
Example    sohition,y measuied usingItotein mut oolumnled Bit'RVM S.) was
equil:PBS, M lysinee UCIAn. igli st.andarc curve wasusingstlumes e
'pAyclonal flaG v). Samples wer NJ andrations dteninincd 'from the standard
28]. Samples IfOn xamp 4 and Ex    



1001291 D044) 0<-  inc wore grawn in a  Scientific) to a  WO
2011/146394PCT/US2011/036648 density of 10x lirdonal antibody was
denims(HCP) wa found to be 200,000 itg:sing an thu itirititified eefl
Exiunpk 8: .SyWhviis 20N,I,Kutvi Modified polyamine ZMPAA)      petit sti
It t&\S I 1t. riirtion WU'S Subtqnendy siirrcd AMOtra  OW: t )Cnfl temper
a. ,irecptated pelyiner was wathed with vateoii s Ae011. solution (40m1")
until Pionirito soiutiCzhoaphate (1(211.PO4 ).(3A 



added andei sirrmg and. pH of the solution was adjusted to abou 6.$ to
precipiaite the modified.poiymcr was :alleuted byfihradon cvcr a frmncd
funnel mid thtHy dnecl overnuhi in- tim oven overnight a 'IOC, Example 9:
Sniffles:is 0140% bayrtimc villv1atni,e (lied A)    (.0013.11m(MA) (i4'yd.)
was piiniedn a IOU. mi., 1 undhquniof sodium hydroxide (1 I F..EC1flCfl in
2S.tini.. 1120 vazgectic   Boaryi ehhaide (2.30!i. 2.09ad..) ws then dckd.
s heattd to oire ovrniht tr 17 hoots.  WO 2011/146394PCT/US2011/036648
Title ream his was then eooitxf to room ttnnpa. polyttlet- precipiater and
stirred Mt aqueous- :AtApii 1 'ion ,cIci solution was then diluter4.20 toa
tintl.polyp) potassithal dibasic phosphate (K3liPO4) (3480 is added
solution was adjusted to pIt 6.8 to prec!ii)itate the moditier. ThO p0.!
oolktot," 1w filtration over a flitted funnel anddried overnight at 5(160C,
Flnmpie 10: atratkesds  "" hcnzyi modified polvil mine 01;61PAAl  6
ofpolyallrt nd 181111,:+m  tNITTOR0 3 I 't 



Vas 'odium hydroxide  11.2 17.4. per motif:mei.) in1 H20 was added at room
temperature wider map sfirring and in small an  tuns, l3enzyl Ohloridcthen
added    t.:d th.r few minutes at morn temperature andern ily heated to 60C
ovenugl for17 hours. The reac:tIon was then cooled to roomture and solvent
was removed. Thu prered polymer was washed With wateriqueous Ao011 solution
(40m1..i thEoubdizanon is achieved, 11n, selution was then dauted with IfI
to a finalof 400eni, ON. pots e:pot ass dibasic filW3I 14''21:11k)add d
urdu stinting and 01 of the solutitm was adjusted to pH 6 8 to precipitate
the 'nodmed polymer.the &ner Was coiled tied funnel and fina0yin oven
overnight at :50-60T Exam pSynthesismphpolva11111MP AA     WO 2011/146394
60t, me poi oveuht in a vacuum Example 13:: SnU  PCT/US2011/036648 over
flitted funnel and finally dried  10% dkhlo I nmrHfted polyallylarni   



001350% dialombery.  po1yaiIvlamne was svntheszed as follows, 5g polynykaum
ED; 40% vettwt.) was placed in a 100 mi. round bottom sodin hydr50/50
1L0/1,2 0 WEE'was addet  34-dic, lezyl chloride (0.57g. 040mL.j was
subsequendy added, stirred for few ndates at room temperature and then her
reaction was subsequently allowed to coo under vacuum t 60;70'C and Mon the
rei polymer was washed with water     'iQIItIOr2I tours. The .merattire,
iolyent ii3 removed.     the modified polymer. The polymcofrci.ed by
filtration over tunnel aiy dried overnight in a vacinim 0 Example 14:
Synthesis of 33%chiorobenzvl moddled poivallxlamine {DCtBzMPAAI In another0
ydroxide        follows, 5g polyallyhntnne ,RA.M Nfri0130, 150 ed in a
100:tom flask and a solution of 3.34u of 0 1120Y1,2 dimethoxyethane  (DME)
was added at room Wimpem magnetic stnkiamount 



WO 2011/146394PCT/US2011/036648  minutesfew at  ed to 60'Cfor 21 hours.
lire. nakC day was evaporated under 1/2aCas separate( the
precipindeancitymer, This la.uer was was6d in 1-Nt AcUti solution (20run
until completeoltthilization is:achieved< The solution was subsequently
diluted With 1t2O to a final voterL. 0% polymer solution), pita saaint
chate 11011131(4) (-1,74g) was added andand pEE of the fled polymer. The
polymer  y filtration ewe 5060C Example 15:  funnel and thuiliy dried
overnight in a vacuum at I 13X, p titill-berlicyl modified polvallvlamlne
(DC 111zN1 PAA   [00137]hr another experiment 12% play; modified
poallylanime wa- synthesized esfoo s 4.:Iiii of polyallylamMci, l "I.0 'd
.) was placed in 100 int...round bottom flask and a solution of 3.$4p
otsodiurm out (1.2 Ed pei: nioiir in 40m1.5:0750 142011.ye than 1 was added
at room temperature under magnetic stiflingSCI4- pheaymeiwas then added and
the ruixtuw. heated otisrnight.iiit SST for 20 hours. The reaction was
subsequently allowed to cool to room temnera.mre LIME was removed under
vacuum at .60,70.%1 at dniii remaining solvent was moved tnn:t (tie
precipitated polymer. This latter was wasned with water then stirred in Mt 



.4gricons A001-I solution (140m1 ) o cnncht to.complete.the solET4ton:."0
was sub:secy.:fluty diluted with f120 to a nrolynrer soluft m dihasic
phosphate (41211PO4).1,1  tr,01:y1 :tt WaS cofleetcO by tilttalUOi.td
finally d vacuum at 504i0T. .1:::i:Tainple 1.6:Svuij'.uyJd&nrvl nunlifled
Polvailvtatnint: (DClikM.P:t )    wua syntneSrzx was phrced in. hydroxide t
phem  le (i ai was subsequently added and the mixture was heated at 55C
overnight Mr 'in, The reaction was subsequently a temixtri att. re, DME was
removed under vacin54 solvent he precipitated polymer. This latter was
washed stirred in. 1M aqueouti AcCiii solution 132m1") and stirred ove
subsequently diluted with Hai) *tiler solution), potassium dibasic
phosphate (KatiPO4wn<=', te the purified polymer. The polymercollected by
filtrarion over a-  flitted timnel finallyed over 



Exam 17: y experMient0yiner.    The ;samples were nited at roe
PCT/US2011/036648 n'dxture were g sOR On, 0,043g of ipitate the
polymemarget  in the form of o dispersed solid Vhe rec:paate was then hemat
from each porehO filter. The resulting punn Example IS: Ciartlication of
CCFwith polymers at diffettn  es(i was  four samples (0,4g each inutiles
were a . Since &>I1OWI addition Attood the pH to a range of p nn 7
rLseK.tVdy. To the re1g, scanio order to pmcqY ate a poiymer-ba dtate. in
the fnm of dispersed soli f five Inio:1{e 'he super  



>i>.) niter. The resuhing purification is described in Table 2. Example 19:
(,tar.ificatiou of CCP usintt nolvifiers responsive to thffrnent kvds of
muitisalent km stinmills 1411In another experiment, poly'S-15 were  WO
2011/146394PCT/US2011/036648 atiMaiu(i. Specifically. polymers from
Examples5 were :a(      containing 5ifil.:" of the uucla.rifie.d ceO
culture. fluid, described in Example 7. samples were mixed at Foam
temperature.is. Sine , reduced the pH to a range of4.5 to 5,5, the ph of
the mixtures iat, etc aduste.d u1i:nhl: 224base to pllsof 5.5. 6.5 7.5 and
8.5,, respectively. To the resulting soMtion,:a.      from 0.031 to
0,00g..T504 final phosphate coneenti ion) of :.hosphate dihasi.c was added
in order to precipitate the polvrr mil -ell debris complexes. The
precrstate, u the forth ofadispersec mixed contmuriusiy for five minutes.
The precipitate was sobsequerrily collected via cent(4000 rpm for I minute)
The supernatant from each. sample was then filtered through a 0,2pmThe
resoling purification is described Fable :2 Example 20- Clarification of
CO' using a commonk used ThwcWant  Inexperunent, ror the clarification ofE
aohition (2 tatzi) was made ac  mpatetive dean. A :pt cc-riiria liTkisire,
F. eradi  lommal of Kline28 (2007) 813-823, The, polym CO' from was use 



Eta m pie 21 EArgivatio ic ftdlowi imuins resposslve polymers  WO
2011/146394PCT/US2011/036648 PBS, o1u69.1 with 01M 1ysn MI 2) and cleaned
with 6M guanidine 110. An lel standard curie was created using a series tif
varying injection volunum01 polyclanal     (Setheare). Samples were
injected and igG concentrations determined Rim 010 stotd.ard curve. Samples
from Examples 846 were assayed host cell proton -is (IMP) using a to/mewed
etvyme-Iinked inimunosorbent assay (EISA) kit (Cygnus 'redo-v:400es the,*
Southport, N,C, Cygnus :9 3G). Samples IMETI Examplesccere asaa_syed for
DNA using a standard pico green assay and Herring sperm DNA as a standard
To ,J.ssass the reduction of cells and cell debris, the turbidity was
mot:sued after centhfUgatieri for 1 minute at 4000 rpm. Table 2.
chatheterizalimi Data for Examples 8-16 and 20 Example. Polymer Conc.
21t3ttiV&Ieflt Sal) Conc., (..191NT) pH Turbkiity111G (yrty)1Recovery t,Rpo
RCP Remov9   rY811 DNA kern98,491 Clo )  0.4 70  



"6 58 95 8 0.6  7 512.886  95  0.5  7.5 31 479 72 97  1.0 62: ". 104 79
c),)  0.8 62 



?is 71 67 95  0.8  6 560 8  70 96  0.8 e2  <49 116 97  0.4  7.S22 :32
0.6 



79 7.5I2.5 64 85 > 99 9   ;s   > 99  1.0 67   819 > 99 9 62 8.5 79   9 0.8 



s 65 3.0 58 9 98 9 1,),S62 3.4 67  97      c      ,   10 



70 X 5 19 26 9.S 10    5.6  <lt3 99 10 ThT 62 7,5 1.9 1;9 93 >99  55    



WO 2011/146394PCT/US2011/036648 0.802  .50  0,4 0.6'10 0,8 1.04.2 150,862
0,6    1.6 16 6  70    ExampiSynthesis oIbnizyl mod  [00144]in
anlxx).1yOthyl 



mpopc,4-ymer waa synthesizedh, 78050?-;: .ed in a 100 ml. mund3.34g of
sodistm tv 0 rOX 1(1per monomer)114) ks added atmart  WO
2011/146394PCT/US2011/036648 magnetic stirring and in stall amounts, Benz)/
chloride (2.30g, 2,09nd.d is then added, stirred for few minutes at room
temperature and then heated overnight at tin:: for 1? hours. The reaction
is then allowed to coot to room ininperature and the artivent is removed.
The precipitated polymer is washed tvith water thun stirred in NI aqueous
Ae011 solution (4Ornt) until complete solnitilization is aeihieved. The
solution is subsequently diluted Mtn 1420 to a final volume of !Woad, (l%
polymer solution), potassium dibasic phosphate (K2H1,04) (3,48g) is added
untiiiitr atirring anti pH of the solution is adjusted to pH 6,8 to
precipitate the modified polymer. The polymer is collected by filtration
twer a flitted funnel and fmafly dried overniOt in a vimuutn oytri. 50-60t.
Example 23: Synthesis of berszel modified polvvinviamine (ReviirstA_
00145In a representative example, a henzyl modified polyvinylamine was
synthesi:ted as follows, 32g of Poly(vinylamine) (PVA) hydrochloride (f,,IW
83500, Ad Products and Chemicals Inc.) was weighed into a glass container.
Add 200md, td:p and tldd 26p 50% NaOH and stir until well mixed, Add 23.5g
beiczyl chloride and mix at 70t tbri6lErsi. A solid white mass. separates
from supernatant as the reaction progIvsses. Allow said to settle and
discard supernatant by decanting. Dissolve solid in 350ral of 3% Acetic
Acid overnight Add 360mL of H20 and mix for 16hrs until solution is
homogenous, Dilute up to a I ,./0 owls: solution by bringing the total
volume up la 3.21: with deionized (D) W. Add sodium phosphate to a
COncentnitiOn of Stdroh4 in order to initiate precipitation of the polymer.
Add I M NaOlf to reach a pH of 6,8, providing additional polymer
precipitation. Filter to dry cake and discard supernatant. Dry solid
overnight at 7tItt. Dissofre in YM acetic acid until a hooirip0000s
sobition is generated in order kt make a 5% wic solution, Example 24; CoMDM
isOn of modified and unmodified polymer in clarification hi presence of
Milli $1111te   Powally.amme tPAA, Nittobo, 150 kD; z30% wt.lx,vt and from
1.34,13:1T  COMei 0 an. aqu especnvelv. Potasaiwu h.vdruaen  iewas used as
a stimulus and was added to 10 in varymg a mounts and the turbidity
gatesand  o et 



WO 2011/146394PCT/US2011/036648 and the modifiedpolyinetS from Examples 10
(J3z-MPAA):. Example 22 .(lhNIPET) and Example 23.(82MINA) Were added. to
apteOusSoMtion'to'create a finid polyinet concentration .of 0.2% and '0,4%
by weiln, respectively. 'Potassium hydrogen ph,o.ii.phate. 50mM)USed as.a
stimulus and was.ildded.to ac h of OA% polysolutions and the turbidity and
nature 'Of the: ausegates loaned was recorded, The .results are .showii in
Table 4, Table 4  Polymer ?AA  PEA MIA  SVIltliCSIS SdnialiS. Hydrogen
Phosphate) orld 150 mM.  ISO niN4 150 mhl 150 mM 150 mtY1 of besanoic
Turbidity1 belbre Stimulus (NTU) 29 0,5  



1.9 5.1 Tuthitlity after Stimulus (NTH) lOtio Xlir '>1000  > 000 >1000 >
Nature of Aggregate atter Stimulue Milky  Milky Milky Laige qregaie;.3
turbittity   afterI Centrifuge I (NTH) 348 10(()  9.0 AoMpkt; gfIZNIPAA)
Example IS 



BzMPEI. Examp/e (a-A11>VA)  1.5:x.kuul)le 26:            Milky with Large
Larp.t modified polyitailmthay. Th5 I 2 7    add and tert-bolvt    



ffIC,4-13uMPAAI   0014813,49 g o16bromohexanoic acid was dissolved in a
solution ciailpfisilT, 10 ml of 40 wl% linear polymer polyi:aliyiamine)(159
.kda, NITTD110) and 30 nil sodium hydroxide (1M), The mixture was reacted
Mr 18 brs T=SO<C. and the product was precipitated as a hydrated gel, The
precipitate was dissolved in 100 mgiml lithium hydroxide solution and mixed
with 10 MI methanol containing 2.5 ml of tea-butyl giycidyi ether. The
mixture was subsequently reacted for 18 bra at Th.50T. The polymer solution
was purified by extensive dialysis (3 days) against deionized ;Di) water
using 35 kda molecular weight cutoff dialysis tubing. The find
concentration of  [001491600 ni rtiNc. Seth0 solution t-,"6, The the s thin
was e:O sodiun chlonde ci additio.o to sOdit \vhich t  Example 2,6 was
added sodium: aloridsa, Final pH acid,ci no 3M acetic and the wrbdny of
in. As depicted in Figuth 3, by adding phosphate, a changeno.s:S,   }pie
28: hq'ifleation ofF Sint the polymer li( t-BtMPAA at different olvmer CUR
unittic     1001Terinicrit,-rifIcd(2el:"  



cording to The present invention s lot le 26 was added to 5ral Exalt:* 1 cO
itumrg 25 tn\l ,odnnn phost $ Mazetic acid, After the addition of the polyt
or 514 pi of culture ted to pH 107 using sr.. is  7.2 using 3M acetic acid,
thereby precipitathig the polymer1.1 511suspension was I musty tot another
5 /Inn.eciptiate was then collected by centrili (4000 thm forSuch a ti.2
pi) Dun fitter. Regardless of lbof the po:the prec Synth'ne (PVA) stimulus
responswt pcI  101 (001521,01V102r Cairnof rcpEaat. units eontainmg ad
frolt-1 a monoinet asof &ionized water and;:>stS1c MA.ALDRICtL 8%) was
I.-Hanoi in a 25            om flask. The flaskequipped with a magnetic
stirrer and a NT.; di1 stick. The solution was stir.red and purged. with N2
for 0,5 hours tolioweu to 45 '5(.7 over an nilditional 0,50.Initiator
solution. was prepared by adding 0.2&sg oi.idmouto panedthyctroch1ortck
GABA1H (Aldrich) to .10 nwater and thssohed. To the250round ho flask the
tnrhator solution was added under Nzatroosnhere. i.eared at  



determined by Brookfield ViscosityVisocometer isotthig I  torque. spindle
434): The. viscosit of the tes.                   ...a.nsidrre.d to. a 500
ni, II and 40 g of sO% Na.011 was added [001531A .small sample was tested
."o  '2 molar sod:lam phosphate to   Innen was 2.7$450 centipoise adWith .
330 .111.1., 3.471110  s1) nd oh wing a  white solid. precipio solution
upr.n addition of the phosphaie. ion. To the rolyiMd polvniermis added
diuiuil a pll of Aria triii  ore usly twerm I molar NaOH 'was added polymer
Ns, i.S0bM1 by addition of  liidin 7. The partially powder and further
dried i 'der was roe  hospliaan washed polymer was dried over night in
frozen with liquid onrogen and ground to a fine )yen at 65 tThr and
.dissoivedrentic seiti to u final .concentratip 



Anh:beets proeteet. Figure 4  Snit LIELItNe series of hydritpb li
responsive polymers ed puts's' n ylnnine      the PVA synthesized from
imuli rc.sponiive polymers were pbaduced as  bpk 29 wasol.a each of three
500 mit, &gas of the three jarSA4 molar Na0.11 was toptnoio each jar as a
cosoIvent and if 0,74 21.47 g, and 294 g of 0a were0 '1C, for eridi s ideal
- 500 nil, with dcioniied  water, udustmg the pH to 8 with 25% HO, and
ddigK$iostadium pttpsphate, TJpE.n addiion Of tnC phosphate incipitate was
collected vua vacuum filtration. The solid from each reaction was
individually washed with delorthred 



waterpolar Acetic Acid. 'The polymer was fattier purified by arliuttting h
''oluprceipitatir  opyl alcohol. and drying in a sac Jays Each samph of
(100cr polymer was frozen' ' tr n at owdet.'rho :mass of dried pred was od
3, respectively, the individualpohmen'1' dissolIt k acd rC1iMffiSiVe
ni)Inner 1001511In another exemplary experimweight    ,as prepared as
follows, hi a.2 Tiler glass jar 40 ofp&v(N- vItpirlatf<1flki:Vc1.1'..:
f4,OdOkDa was dissolved into 0.8 liter of Oionized water           ring for
16 hours, to this' ohttion 140 p of c,on entrated MCI was addei with
continuohourjar' wic1F, lightly capped and th;:1: solution heated to 99T
for 5 days withlinen', rotation to mx the solution,After 5 days of
ilealint:,1, lion was allowed to cool to room Rantotal volume adiusted to
4The solution was a justedpH 7 with 8 molar Naafi \vitt: vigorous
stirringhydrolyzed product k,v drop wise addmoa of 2 molar sodium phovinue
until no co ll p ecipitate was washedCls, 'ater. The recovered polymeroven
at 65 t  The dried ponterwas f. - 42,5 g. 



0 material nt mgen and glopin< .:Mg the on was made ' d  :ion was tAinear
horpopolynnA'tt drop wise add :ion of 2 molar sodium phosphat Sanof botb
the staThng matc.ritd and. the resuitnig hy f phosphate ortf ions while the
sol.of hosphate the starla] s notts' eittate), while the very h  described
in this Example, is responsive to a ininmultivalent anion such as or
citrate), 1 91.Figure 5 &pints a process 0 eprotat ion of [hereby restilhng
in the tonnatresponsivey ylamine    PVA obi"pro ki,;:ted 4,06(
vinviacctande)dineaIplc. 31 hydrophoblea tlyresponsive polymer was prepared
as follows.  00161 I100 g of a 2% solution vinylacota aide) wI in aglass- 



added mH to approximately17, jar as u co-solve  k poly(N- 100 gi;
Aal....N2(.11-1. was of -proprin:Adeed to the ide was added md the jar was
ea  Ue.I0Ile and subsequently eollecied. The result    molar sodium dtrat
phosphate or cnraft polymer was repi [00162/ Example.  5% polyn3cr soint.
iv obsend, th.rehy indic EvaCm amen .6 riovids a ccbematia of The synthesis
proeis described it    [001631In ano tercopoiy.nHx was prcparc which had
one of Ihe monomeric mbvdmobc [001641.A Stn]ivnr conrnsed of ripe units
containing priinethfollows, 90 g of 2,5 g of Span435. (SIGMA), 16 g of N
inyitbnnarnide tNVF 



butylvioylethu (Skilhit A), and 30 g ct JicinrdS a n d water,and wer
drie-Ncfo days<drdrys was made by db.; vingnowde :',) round botnn flask,
The flask ws equipped with mains dipsnek. The sofred and purgedN, for
iueuasd to 55C.  WO 2011/146394 (00 651Iltunator solution was pre
amidinopropamride (ABAIl) Inn   PCT/US2011/036648 red bya.ddieg. 0.. 0 g of
tgbd to the 250 tilL round bottom ilas.k    ging. This suited in a two
;Those s'A.t isearde s added mi g or 5(YN NaOH was added i6 hours, the id
..i:th))..ved to ccmporature. The volume: le prod  



addition of 2 rnotar sodium phosphate,in a 'forge white precipitate. The "
was collected by decansupernatant and the precipitate was sa in isolated
polymer was disaokedin 5t)ti to C'S to a muittyalent ion s.ttmuius by
dropddith of molar sodium         or 0.2 molar FAX 3313 citrate to
5nI..SaInples of 0,5?;;, polymer sons:gaga Upon ad'theOlts.bserved. the
indicating that the pet>aria1.0 Figure 7.dc.piets a sch This example
demonstrates'eopolymertt conE )3. is hatgad ,xample  nydrorthobic wono -nt
ion 14.A antril 34ery high meitemlar weight poininvial(PVAI  rtiti 167A
stinMus respor.srve 'polymer compriscd of rept t primers amines was
synthesized from a monomer bibs q0 ii ofe Spamir5 (SIGMA)." I .
ginylformamide (NVI delonized \wirerplaced tmural bottom with a magnetic
stirrer and a N dinsdck, The solution was sthred and purur lour as the ten
pennun was inemased to 55T. initiator solution was adding 0.20 g of 2,2
Azdbis{2amidinopropane. to 20 tnh of deionized water and dissoiVinu. The
initiator solution was <:hatged to the 250 atr, round bottom flask
containing the eac6on solution nude atmosphere. The solution was heated 60
t ftours, tOIiOWcO by hr for 1 hour with izorcuus stirring .41,' ith
continuous nitrogen putping. A two it, solution test wnh a visco4d lave ton
the o nom. '111c top layer is docr discarded. To the bottom laye addeda is
and 4g.g.of 50m, 



vigorous surrmg, The mirreated to, SOT for 16 boors, After 16 hours the
solutwu wasteflowed to cool to room temperature. The volume was increased
to 1 1. with deirmized Wkiiin" The product was isolated by drop wse
addition of 2 rnohn' sodium phosphate taNsu tri precpmtate, The precipitate
was collected by decanting the supernatantand the  nreci.paatc was washed
with dmorr booms andxai dried in a vacuum oven at 65 (512 tbr $ days, the
dry n'de.r was 21.5 gA 2% solution `3;',"1s      ad in isopropyl alcohol or
2 The resuitimr solid mass was docd polymer was frozen with liquid ingthaSs
Of  [00 Synthesish1'eight iydrophobicall modifiec  polvvinvinus responsive
polymer Using a solution of Lnpam.m 9095 (linear poly-yin:Amin& average  20
% solids. pll 7-9).0ln:tine modified stimulus responsivewas produced as
follows, 300 g of Luamin al1ely 60 g of po1yvinyhimine was added to a 2
hter glass jar. Next g of NaOH.00 mi. of deionized water were dissolved and
added to the ja this was followed by the additim,SIGMA) as a eo-- solvent
and tee solond vigorously until homogenous. Next, I 7.66 g bemcci chloride
(ACROS ORGANICS, 99%) was:b" on Jar with :1;11.rtalL1, solution as heated
to 60'C forgnet.lc stirring T: subsequently allowed So cool to town ten
.1Talate ateltransfned to a 5 liter beaker.  



hod water uwlin molar sodium 1001691The polymer was was dissolved in
2..litet of molarbrought to 10 Iil:ers with deioniae  s added with stun
cipitated with sjoa: er purified by the folio icac id with slitting ft or
and the ii isadjuste  H was a insted to 5 00 ot 250 rnL 2 The ii drop wate
addition of 50% MOH. The product 5k0.5 pieciptateci with additionCd sodium
phosphate. The solid was isolated via eacuant filtration and washat cyj
deionized water The resulting solid mass was dried in a vacuum1
PCT/US2011/036648 "e eau-king mass of the dry powder was 46 g, A small
',COCO I 020 acid and WNMR spectra were -. The 'll-NNIR peaks were
integrated, and the u- of benzyl inoduteation was detennined to be 1&
Example 36 200 2 scale asta   



d polvailsiami or     based stiaildus easpoli   1001701in an exemplar):ated
that a described. herein 'could be manufactureda In Using a solution
1Polyallyamine (PAA., NITfOBO, 150 lcD atimulus responsive polymer was
.prodn p of ktlyet.NTriono., 150 leD;tt Iv '00 ..t'pohadd).te 4 liter glass
. jar. Next o 1 et tcnk. of &ionize: watei .eand added to the jar Followed
by the addition of 1000 mdimethoxyethtuco-sotvent         olution was
stirred v:goronsdv until Immo enens. Neatbemtyl chloride (ACROS ORGANICS,
99%.t. was added to the reaction jar. The solution sva  heated at 60 (1-;
for 16 Mora wuli magnetic sti room tentperatbre and) a 10 liter bert tool
72]Next. 1000 mU of deionized wa  501 flea " S :3Row cd with
Si,rtteipitIu.tio:u, The product was further reciptned whir slow  ',101*
sodium phosphate and t polymer was fart 



of I molar acetic acid alid was collectedwashed 1w the cothwing method. The
The total yoluene was  brought to 10 liters with deionized tt(hosted to 7
wiU.t drop Wi  0 Naafi. The ,r duet was j!KOETUfl(ijou; 800 rt. of 2
scydiuin phosnh.ate and died'Was collected and washed polymer was evendie/
purified by the following method the solid was dissolve .3 liter tacid
withwasught to 0 liters with.ad water and the pH(A to 7 wrth drop WNC
addition of 50(13i Na011. The precinct was Foci.nitsied with addition 800 a
of 2 molar sodium phosphate IC solids was collected and washed s ried in a
vacuumThe dried peilyit liquid rutroge.n and ground to a fine powdel and3er
dried for mass of the dre powderwastall sample, was dssoived inodi. CDiCOOD
020 acid and '1I-NNIR iin Figure 9. The le amount efo si modificatior lined
to be 3 E Um* nthatioi of ceulati performance and stflten        



sing iioes of a stimulus restntiksikt Palmer 's a  Lplvdectrolvte In a CHO
eell mature In an user/Thiry emxiriment described herein, due stimulus
[001731     polyme acrmrd.mg to the present iuventicrx were0 a Known
polymer, i.e., chitosan. for certain sirable properties.. [0010110 cell
culture was prepared.4, asi.descril Lxarnplc 1, . A solutionof 2% WiW
solution ot insmolecular weieiit chitoso: kidriehld in 1 mcd soltitior
ofvcirophobjeutvrnolvkunme based stimulus responsive (33Yi.e BnP.AA)
polymer was prepared according to Itis.m.mple If dothe 1.10 ccli  WO
2011/146394PCT/US2011/036648 added to each conical tube containing CHO cell
euhuic for each the LMW chili-man and 33%-BirPA A. For the conical tubes
containing the 33%-liaPArk only, the pH was adjusted to 7.2. and a stimulus
of 150 iirM sodium phosphate was applied. All the conical rubes 'were
centrifimed at 3000 RPM For 2 minutes and the supernatant was derianted and
the turbidity was determined. ROI 75]Table S below and Figure 10 summarize
the results of a representative to demonstrate that a non-stimultis
responsive polymer (e.g., chitosan) requires dose opiiinization for
efficient flocculation, whereas, a stimulus responsive polymer according to
the present illVeM100 does not appear to require dose optimization. In
other words, in case of a nonstimulus responsive polymer such as chitosam
once an optimal dose of the polymer is added for efficient flocculation,
exceeding That opiimal dose results in increased turbidity, which is
undesirable. 



Whereas* in case of stimulus responsive polymers such as these described
herein., We stimulus responsive polymer continues to be an effective
floeculantinrecipitaat regardless of increase in the dose. Tablt 5 71  WO
2011/146394 PCT/US2011/036648 Polyailylaminei Pnlyanylamin 3:3% i3em.y1
modified Polyailviamirie 0.06  V   t:M<Yi inuittiod Polvalanune `)/i Rermyt
Modified isolvalMainino  pk 38h Deterinination with iitcreasin
st,pertatnit hnuihs rcspons1        



ivaitnt it ion sUmulusrulativit if3. no sti ottilt CRC) cell culture was
prepared :Wag $ method, irs dita  Exiu Indhriductil pa 0.4% wciv were
;Added (nue tbr phoitphate pH v,  By modifier 3nPA A) 00prepared according
to Eaa       0 05, 0.06. 031.7. 008,, MO, 0. 014,0,1S, 0 ,ach , obe
containing C110 caii jri oipheaes           dpotrom, and a sthnuius of 50
aiM sodmm phosoiate or ISO tuNI  WO 2011/146394 contrifiteed at :3 cemrate
wrNdi e.vimpie are she [001771 experiment Exam* data in Exampk
PCT/US2011/036648 ed and the he reaifts11 the expenments 4t:5co-ibc:d in
this wn in Tabk.aq0 Fig= I 



Table 6 and Fioure ii suinmrNpretien'. 4tsed in nomsainnhts
(Nr>011.3c3i,cculain <o-i g polyn  ci, vith a n responpolymer does not pth
tt.Opt )1' d by increasing polymer dose 'fable 6  Poyner Fioccu!Ant Dose -5
0,05   Polymer .FoccuInt 333 Bemnii modified PolvaVamine  4.modified
(phosphate citrate none) te  Supel-notant (NTU)  Bon dyaiivlanrt 



amine 1%t< .Renzyl rticicit)ed mine 33% Betnnil modified Polvalt,Aatinne
kleztyl modified PolyaNiamint:,  $3% tienzyl mod:lied Polvailvlanine v,
amine Poiyallyiarnine Benzyl modified Polvalklamine   Pat'yalIiiuniric  35%
B Polvalivlandrie   phr.etph phosolr -0 21. phosplint0 phosphate  phospin,
phoaphal:e  54) Ctrate  Pdva  Polval ),13.mthp valhiaraine 



33% Ben;:y: modified Polyoliviainine .... , ... ,   13mim41 mixlifted
Polyalislainine citrate  Benzyi Polvailvlainine 3.3% Jimmy," moinfied
Poly:111 'ne  33% Lkizy1 modified Polyaliviamine 33% Benzyi imiodified
PobenlivlamineOI 3P'& Berizyl tniultinxi ci (.  Btuyi modified
PO,:dylarnine. 33% Benz51 modified vansiannne Benzyl modified Ponr,iivroinn
Exam `nation of flocculation  erferr anve ad station't  ivith insnasino
doses of an unmodified sthtndu mponsive polymer  tint Kat.catOre 



stimulos responsive pOrper in s detemo med.  [001791C1-1U Example 1 Awiw
thud, an di. modified dvatly1ds,  patP ',1yailyarnine.loao, 150 ki):40%
"csi t /MrW I.1 In aceOc acid. 10.m.L.orthe (11.0 cell cufture is dispe
eenca tubes. odividual polymetdoses0.06, 0.07 0.18"dUonktai
tubE.:tontainingCHO dl e tart The riE4 to 7,2 araS 150 1'DM SOdph)1 Cd All
the conIcal tubes wety.f cent$000 RPM...kr 2 minutes cud the .supcny
Example 4th Determination of flocculation performance.., seWIng time, and
supernatant ustatity a stimuli responshe nolvant i  [001 SOeewasid  as
deset fl,ed in Wth bed 1*0iyaltsilaitth f  ' responsive) pdyme[ycimihr
toir).;  WO 2011/146394PCT/US2011/036648 culture1", glass graduated den,
the.los re.spoEiswe polymer was added to 



was adjusted to 7 with droi asc addition of 2 molar tris base, con.;nnmolar
sodiun phosphate soiThon, and the soludon was adjustment was pod-brined in
ohate the stimulusive polymer and a omit acells, celllate ii- nticleAfter
the sodium phosphate addthon and pHlarge      gated particlesIworts' po1
other gmluat 'cylinder was stirred for 2 minutes and nothing was added.
Both of the , nylinnern are hour. At the en  super it was o polynnet
settles faster as well as a phase it ha front (sharp solid to liqul
transition) to lative to the solid phase in the untreatedgi settling front,
1001The results of fxnment areiTable 1,1 The measurementsling fronts were
.) cylinder because the setthng front was 'tat Table 8 sin  



Example 41: Compai itibil 01 C   nance using polvamines of      different
mcdecuhu weights        00 1 Si IA series of polymers w&th diftrent
molecular wt..gt1s were obtained, modified, Ond OSd to flottulate,nd
puriflore PoWmers vito tpeat unitS of moleewarweurhis of LSkD. 85kD, 15 ),
3501W, 600- 950kt1 and 2111: 4000kD were dbtained an&or modified by the
ball 



l00184.1The 15k1)polyailylamine polynN tetlittedvaienthti 85kD benzylated
polyvinyiamne wynre.r was prepare4 3 The 150kD bengylotad polyallylaraine
was prepared according .10 Example iuwlatedpcilyvinvlanrine polye repared
by Examplti 35 The.  950k1) po]v'Anvb fBA.8Fif with 2 eq .P.V,A. was
prepare.  :iankbone is prepared by bl"drolytiing Polem in VZ base at 80C
for 8 hours. The unmodified .7000400011) teylabad 2000-40001,1) polymer
prceptate. atul pU0 harvest cell nabuty dcfluccul       and 0,4 % ww. A
solution stimulus of 50 ml adushn cutr tris base was applied.  XC 013.
coUIp.ett zone separation than a sospensie noted thatimuticles settle
faster which1'abie 9, demo:lawn*is foraE: aiccular Table 9,  Molecular
Weight is 



ymer Dose 009 0 7 . _ 1$0 350 0.2 02 "  600-900  0.2 20004000 0.2  0.4 a')
0.4 1.50 0.4 ,a50 0.4 600900  0.4 70004000 0.4   



Example 42: arison 01 elarificatioungform different hydrophobic
modifications oouioj1,7tKi1 tell culture was prepared using a al
Examppolytnom described in Eaanaple.st to the colt culture as described in
Example 38 wt1lcs u:kQIlu pohatr, dose wasand 0.6 )%,,dibed in 1 at dc
Illflc. 1 cell culture turbidity wasP- 900 NTU and the central'Olen t had a
turbidity 01:212. 4dpagted In 7..:1 a stinn./Ins Otrth1 smithol phosphate
was ap lied. All the conteal tubes were centrifuged z31.3000 RPM for 2
minutes and theand the centrale turbd0y was dete.rrn on) the experiments
described: inunple are abown in Table 10,   which demos. [(10i 87)Table 10
de:&Ong the nialim group antpoiiiet itweight, The response to stimulus
aeentrate turbidity can be varied, Table 10. Example 43: Effect of Ryduced
Torbitlits. Mod whit Stimulus Res Poinners on Downstre.un ultra [Citi I
$8:h cider to assess the atThet ofthr stitnul subsequentand depth Mtfation
steps, the lowing procedefe was to1kr.d Ilk 44 hmsc. ILumtcr Ova0) cull
linoMibody were grow10r(NEW BRde 5:x 106 eellsmL and harvested at< 50%
vial'.viv solutiot Thobicalt," in4 polyae based stimuli polymer is
prepared. similar to Exwnpi 1891C11.0. cell culture is treated with 0,2>> 



T 33',f/efirtlof the 1)644 C  WO 2011/146394PCT/US2011/036648 cell culture
is not treated. 'To the stimulus 'responsive polymer treated ;mil culture,
the sodium phosphw imneentration is brought to 50 niM by drop wise
ttddition or 2 molar sodium phosphate and the pH is art usted to 7.2 by
drop wise addition of 2 molar Iris base, The sodium phosphate and pH
adjustment is performed M order to precipitate the atitinfhl$ responsive
polymer and a complex of cells, cell debris, impurities, residuld polymet,
and to flocculate the solids, and increase partide Sift,C. After the sodium
phosphate addition and pH adjustment; large flocked particles are observed
in the stimuus responsive polymer treated feed. Both fractions were
centrifuged for 5 minutes at 3000 RPM and the supernatants were decanted
and the turbidity was determined. The centrate tmhidily he the 33%-linPAA
polymer treated feed was determiluxi. to be I it NU.: while the connate
turbidity for the untreated feed was determined to be 60 NTH [001901Depth
filter throughput for each feed was determined by the :billowing methr,u/.
A IlKIHDC .5Aillistaktd Pod Disposable ttepth I iltet 15Hlt IdPORE) With a
surface area of 23cm" used (breach feed. The depth iThent were equipped
with a peristaltic pump and an in-But pressure sensor. The filters were
flushed with &ionized water according to instructions and the feed was
pumped through at 100 'NH and the filtrates were pooled. The pooled
turbidity for the 33(.1.t:-3rIPAA polymer treated feed filtrate was 6 NTH
and the pooled turbidity for the untromktd feed filtrate was 9 ND:. The
filter throughput for the 33%-BnPAA polsmor treated feed was 1304 Litn2 at
19 psi,. at which time the experiment. was stopped because of feed
limitations. The fitter dunughput for the untreated feed was 206 Um? at 20
pai, at which time the experiment was stopped because of pressure
limitations, Esumple 44: Purification of a model protein stream with a
stimulus  polymer followed by eptiere njjfrt a affinity resin 1091911;in
order to better assess the affect o.t the stimulus responsive polymer on
subsequent purification steps., a model feed was prepared and the following
WO 2011/146394PCT/US2011/036648 procedure was followed. CHO cell culture is
prepared using a method similar to Example 1. Initial Feed HCP level
210,000ppm. A lit% wig,' solution of a hydrophobieady modified
polyallylanithwi based stimuli responsive (33%43riPAA) polymer is prepared
.similar to Example 36, One fraction of the C110 cell culture is treated
with 0 1% of the stimuli responsive polymer 33%-13nPAA, while another
fraction of the CHO cell culture is treated with 0.4% of the stimuli
responsive polymer 33%-ilnPAA, and a third fraction oldie CHO cell culture
is not treated. To the stimuli responsive polyiner treated cell cultures
the sodium phosphate concentration is brought     inm tay drop wise
addition old molar sodium phosphate and the pll is adjusted to 72 by drop
wise addition of 2 molar Iris base, The sodium phosphate and pH adjustment
is performed in order to precipitate the stimuli responsive polymer and a
complex of ceIN, cell debris, impurities, residual polymer, and to
flocculate the solids, and increase panicle size. After the sodium
phosphate addition and pH adjustment large flocked particles are observed
in the stimuli responsive polymer treated feeds, Each fraction of the cell
culture is centrifuged in a lab scale bucket centrifinge for 5 minutes: at
3000 RPM. The urrbidty of each centrale is recorded and reported in Table
II., The cemrates are filtered through a 0,2am Duraporet fiber. l001921The
filtrate p0 d'- were purified through a this step ohromaksgraphy based
purification consisting of p.mtin A affinity chromatography HlroSsip Ultra
bnliii-and-eltite canon exchange chromatography tchitaR esand membrane
absorber anion exchange chromatography in how' thoughmode (ChromnSorb aq,
The purification was performed on a chromatography workstation according to
the method in Table 12, The pock for each step were analyzed fireboat cell
protein (CHOP) by HASA, leached Protein A (1, ProA) by EISA, residual DNA
by IlicoOreen aasay,  WO 2011/146394PCT/US2011/036648 , aggregaMiexdndon 



concetyabsmption, Table II.  Feed Treatment Centr4uge Oniv  0.1<',4}
P1325PAA 0.4% Bn25P.A.A    CHOP Removal  DNA (ttri(ErEL) 49  Pt Wirt A
Pooie  Feed -tment  Centrifuge oniy  0.1% E.M25PAis, 0.4% Bn25PAP,
Centrifuge 



Only 0,1% Bn25PAA  0.4% EM25PAA  Feed Tmatment  Centr4Ke Oniy  0.1%
Bri25PAA  0.4% Bn25P.AA   45 2.4,   ProA 25 >25 CO Th L ProA <1. OO  c)NA
0.94 C.00 



DNA COO COO    0.66 X 14 cm    Buffer SOMM AceticNdcl, pi 5,0   IiuratSn
(oIunrn Volumes)  Protein A ekdion pool adjuste with 50mM Acetic add, 25mM
Na ph 5.0 50mM Acetic acid, 26mM NaGL pH 6.0 60mM Acetic acid, 125mM P48CL
pH 5,0  50ETEM Acetic acid, 500mM Nei, PH SO    E*mtn45: Pttdflcaflon ofa
model. protein treainwith stim  polymer followed ity ettt  r00In order to
betkr tssc.ss the a on stthsequentturifieritiort steps., the follesting pro
-o 



s foilso  WO 2011/146394PCT/US2011/036648 'Hamster Ovary (CIO) cell line
expressieg VTG Iaribody were grown in a 1012 bail-eat:tor (New Brunswick
Scientific) to a deesity of abouti5x106 cells/ml, and harvested at < do%
viability with an HCP level of -142000 ppm. [00194)A 10% wfw solution eta
hydrophobically modified polyallylamine bathd stimuli responsive
(.33%-1,3nPAAi polyfilei Wai; prepared similar to &ample ir 36. One
fraction Of the CHO cell culture was treated with RI 'Si. of the stimuli
responsive polymer 33%-1.3n1>A A., while another fraction of the CHO cell
culture was nested with 0.4% of the stimuli responsive polymer 334,-anPAA,
and a third fraction of the CHO eell uultme 'nag Doi treated, To the
stimuli neaziponsige polymer treated cell cultures.. sodium phosphate
concentration was brought to 50 mily1 by Mon wise addition of 2 molar
sodium phosphate arid the pH was, adjusted to 7.2 by drop wise addition of
2 molar trig base. The sodium pinisphate and..311. attstinent was perthnned
in. Ordnr to precipitate the stimuli responsive polymer and a complex a
cells, eeil debris, impurities, residual polymer, and to flocculate the
solids, and increase particle size. After the sodium phosphate addition and
pH adjustment large aggregated particles are observed iii the stimuli
responsive polymer treated feeds. Each fraction tal the gel] culture is
centrifuged in a lab scale bucket centrifuge for .5 minutes at 3000 RPM.
'The within): of each gentians is recorded and reported in Table 13.
Theffiflr were filtered through a 0,242m Duraithing filter. 00195.1The
filtrate pools were purified through a two step chromatography based
purification consisting of hindamheitite cation exchange chromatography
(Pinged Sig), mad membrane adr:Rwtier anion exchange chromatography in
flow-though mode (ChitimaSorb OP). The purification was perfumed on a
chromatography workstation according to the method in Table 12. The pools
for each step were analyAt thr host cell protein (CHOP) hy EUSA, leashed
Protein A (1.. PtoAl by  WO 2011/146394PCT/US2011/036648 fitISA"
IC:Ft)iiic(ireein ACK3) percerd.hy sin1PLCion by UV ab:sombott. Tabk
t00I 961In )1T m-hraue was multivalent ion stimulus, where the
membranecanused i remowil of re, muthis responsive polymer.
[001971itlixturc of PAH'was i liillo,,.. Rclrc:PF A l,A kirk:'',i a Hist
IEMPA), 02 a of Inzacure t., 9'3.8 g of water, A polyethylene -c 



(9..65um,ci, as prewettcd. with methanol and:into water and treated isknh
ht P *Mk fomiodation I 'c ampL a x )5):/ lighi, washed withwater, attight
Added to the membrane by this WasThe infrared spectrum of the  4.`ne
with-le blue (a nositively charged dyed- Emunple 47: 4vd  Ethnic
polvethvione Incprian modified tith phosphoric  hydroxvetiiiiiA mixture of
PAIT EM A was prepared aecordina to the A (Aid h g49599, 75% pAimmA and 25%
sow. 2959, 03.8 g of water. A hydropldloic membrane  (3,65ura, MPLC
MILUPORE) was. directly contacted with bove ga n of the membrane displayed
a stro Staining the membrane with' ic col():cyan optical  Example 48:
Ilvdrophilic Doh medium late resin modified wkb phosp.borkacid it
twdroxvetinimethaerviate (PAHEMAI I toinclude a ati    nl6SC media is added
an>.A.:50C for 16 hours. The media. are separated and. washed by standard.
procedures. The 



:grafting sedation is preparePAUINA, i.dthie. 9 Og water. To thia solution
is added Sealmodified Toyoi)earl media. The nixture a. placed in a
hyhrkhzer ci 80C the 16 hours.Separating and washinra by standard
proceduresesiBINA modified resin. Ins product s  fxanipk 4% Stintalas
responsive yolk nier binwitIhdronhilic mivethylene membrane surflice
modified withithosphoric acid 2- vdrov'et b'ylniet huts late (PARENIA),
The PAHEMA modifiedmembrane (Example 47 was (PAM polymerd scdution.s.
contain mg experimental proeaure. A morn cell holder, PA.A solutions
processed al I .5colitee, The K.%out of cell holder withPBS be    thed
surfactig Whet       by Ma it stawain iiiider. The magen loaded with P cc
shown in Table 4. As can be seen forunstrea of the membrane. For II to 4:5
mimmtr.t4 values for iititio sirmt?hst(11 sides oith ic sile  100204] 



1002051sells from this Esz concluded that the nudified membranes and r.
insdescribed herein may used kir reducmg the level of residual polymer Q
)pietel,r nnvog the .,i. Z. hhiyhtff. :7Zjet). is most thoroughly
understood in  .601 OM KlY4by de an iHustn lion of mit isspa. The as arc
eneon''ossed by this toil by retbrence in their 'cited by reference
contradicts or is  f the present ecification, the'pixsont. specitIea.do ow
ill sive iateraL The citation fanyhe rein retbrenees are prior art to the
pres [00207]Unless otherwise indicated, all numbers exj ssinf, quantities
of ingredients. ecU culture, treatment coudidons.Iii used inin, ders1, '-'h
n ingialICC- .,.rto Accordis, otherwise indicated, to the corinri pa
am.ete:rsnay vary depending, upon the desired properties sought to be
obtained by the1,-ention.tridicated, the  WO 2011/146394PCT/US2011/036648
b,;.asf's pr cedine a acrks of Owner:is is to he. tderstuod to refrr to
every element in the series, Those Skilled in the art wifl ache able to
ascefloin using no m0re than routine'itnboditnents of the ion ckscrlbcd
herein. Such equivalents are intended to beted by the rac)ns'and
vanauons0can netie     0its spirit-And scope. as.11rt to ose skilled in the
art. The .pecitic embodiments described herein. are of 



led that the specification and  les be considered as exemplary ordy. with a
truespirit of the invention being Indicated by the Wilt/wing chums.  Whet
is ciamiet Claims         A stimulus 10- .len,dw pohmer comprisingiiikhoso
comprising one or moreabed to the bkne \clicirein II polymer is capable
otbmdma and preciphahng a. bionic:leak of i.oterest in a sample c. . '11
Thecreii the pitityrditetr- lnackbinc cantp:nses01101-fltitil-  The
sthnuius responsive polym ne comprises at least three nionomert  this
responsiva polymer of claimeach monomeric unit in ck bone comprises a cr
The grin:this r ;soon:sive jovmer of danri 1, wherein the bit irapeutie
palypeptide.      The simolus -esf e. ansaii  Of claim I" wherein the.bior
Olceak -intereSt a therapeutic poll:peptide.  stimulus twin the group
consisting of h s' and cellular lthfia. 1 t 



, wherein the stimulus is u toulfriddenhion.  It).The timu7usnoTe mu ore u
It phospinde or citrate. The admuhis responswace of claimic polypeptide is.
an antibody.       The sit monocionel antiI YEIS1V0 polsttn ct     14,A
method of separating a target meilecuk flora sc:tmple, wherein the method
comprises the steps of:  out' eerie the sample svith a stimulus form a
oompie of polymer and the one or sample, thereby to  cording to and twin
out of  501 UU0 by moseparatetarget molecule from one 01 more puritiek3,
The methodrein the methon further cosupnses one or mc 



filtntion steps The mefinxi dcrsni 4, syl-wie' t c mcthoo cartheone or fIR
rphy step viiodwherein the 'Thewherein Iiis phosphz  WO
2011/146394PCT/US2011/036648 19,    201-Ite nici one's" .at least 50 k000e
compria,es at ehareca  the utimultie, responstislng the rufloveing,
structure:  wherein thecaprices a carbon containing polyciectrolyte
backbone     e charged groups whieb. afflO a part of the backbone;
W..1phobic attached to a charged group in the backbone; and a is the number
of monomeric of the polymer, wherein a is equal tootgreater than 2.
stimulus responsive polymer comprising the foil:  Wherein thecompflsCs a
carbono'backbone; R. 1k2 and R.: are charged groups which form a part
ofhydrophobic group attached to a charged eroup in the backbone: 11', is a
group possessing a charge opposite of the charge kitmd in R.or R.:3; and xi
itt the -number of monuneic units in 



the polyinet, wherein it is equal to or greater than 2.  eomphx ot "citner
and one ot mote in:31)036es, wherein the first, set of conditions nonpristo
adjusung pH or :Salt concentration of the sample before, during on 'after
the addition of the polynh.." (c) preeipthting the first complex trornhe
sa1set (e) precipitating the sec:and wmplex; thereby to separate the
antibody from one or more impuritiesmple siuL. cu, the amount of
residua:polymer in ti 'The method Oichiim 23. wIrein the antibody is a
monoibocrv            method of chum 2.3. wherein the one or more
inTpnrities is selected group consislmg of host cell pratain, DNA, RNA,
vh'uses. antibody culiBreaddiri the inetned of ciaznpik ore in theaample
nocol tore  odn t 0 which. au antibody is set. as'01e taint. The method of
chUrn 23ahanber nomprisinp, one or more tdtratmu steps,.  wherein the hyd
3i)1&tile nib.    wherein the polymer comprg polyelectrolpie backbone; Rt,
Corm a part of the bacithone', Rti is aophobie moddyurg group present on
20%he anune groups and consists of a phenyl group Or deriva }hereof; and n
is w number of monomeric units in the polymer, wherein n is et, greater
than 2. $3,A StiMUIUS responsive polymerfor separatingruokeule from one or 



More impurities eompttstng the following itbrmtilii.:           polymer
comprises a carbon containing polyelectrolyte backbone; R; , and R are
amine groups which form a part of the backbone; 13',4 is a phenyl HJUd o 5%
to 75'iti of the RI, K2 or Rt. groups Kt: ist ctaion exchange gr.
Modifying 55/t0% of theoups; am  in the polymer, wherein 34.A Kottitod of
stimulus responsnepoiymer., the method eonipnaniz the steps of;   ody from
one oiMil' 'S  rcd al amounts of poi    -jug Ute sample with a ctiillil
conditions suitable .br the polymer to Nod on  fint complex otpoivnwr and
one or more impurities, wherein din St set of oonos comprise adjustingpti
or salt noucentnalon of the sample before, during or after the addition or
the polymer,. (.e) fleccuinting the firstthe sample 'under a lust,end:bons;
) rermonng the. flocculated solate, contacting" the. sample with a
multivalent'S pier.residerand. multivalent inn; and (t) precipitating the
second complex thereby to separate the antibody from 0 'ing the amount of
residual polymer   



35,cxi of separatmg a target soecule from one or P N.it a sample, wherein
the method contdm (a) providing a sample compris g a target molec ore
impurities;      contacting the sample with a multivalent ion responsive
polymer, Whc.reiEr a tivalent ion. is added betbre, during or after
addition of the polymer, thereby to form lex of polymer and the one or more
impurities; eomple.x out of solutjo   The method of .0:aim 35, wherein he
mu! stimulus is plto   $8.'Ito method of ciaim 35,- amount of polytritif
after(el;the step difiatt with a multivalent om of =T.:twin use eta. C.  im
38. ivtierin the multvalent ion is pho'   






