
FIIMUIAJS RESPONSIAI yOLYMERS FOR THE PURIFICATION OF 
BIONIOLECULES 

.P laxity' Data  

(0001] 	The present application elairas the benefit of priority of 	S. 

Provisional Patent Application No. 61/395,769, riltxl or May ,17, 2010, the entire 

content of which is ilICOtroated by reference herein in its entirety. 

Field utisvention  

[00021 	The present. invention relates to .polymer useful for protein 

purification. In particular, the present invention relates, at least in part, to stimulus 

responsive polymers useful for the purification of a target :molecule. from a. sample 

containing the tatget molecule and one and more impurities. 

.8aekermind 

IWO] 	lilficient and economic lame scale: purification of biontelectiles such 

as, e. J.,., therapeutic proteins including adtibodies, is an in 	int-ottani 

consideration for the hrotetlmology and pharmaceutical industries. Generally, the 

purification processes are quite elaborate and expensive and include many different 

steps. for example, twically, in the ease of proteins, proteins are produced using cell 

Mune methods, e.g., using either mammalian or bacterial cell linOs engineered to 

produce the protein of interest by insertion of' a recombinant plasmid containing.the 

M ene mauling, that protein. In genentl, following the express on of the target protein, 

its separation from one or more undesired.comportons including, e.g., host cell 

proteins, media by-products and DNA, poses a fortnidable challenge,. Such separation 

is especially important when thetherapeutic proteins are -meant for use in humans and 

have to he approval hy, the Food and Drug Administration (MA). 



0041 	In general, separation andfor purification processes that are eurmutly 

being used for proteins, include at least the following steps: cell lysis to recover an 

invaoeltular protein or recovery of a protein from the media in ease of a secreted 

protein; removal of cells and cellular debris using differential centrifugation or filtration 

to obtain a clarified sample containing the protein of intemst; and use of a variety of 

chromatography media in a multi,step process to separate a protein of interest from the 

various impurities in the sample, 

(0005] 	'Various types of polymers; including polyelectrolytes, have been 

employed in one or more steps for the purification of biomoleonles, especially proteins, 

For example, the use ofpolyelectrolytes in flocculation to purify proteins is vell 

established (soe, e< g, IF 	PC.71 Patent Application No. W02008/091740). 

This can be accomplished with a wide mige of polymers, with the only required 

1.,wneral characteristic being the polymer must have some. level of interaetion with ki 

species of interest (e.g., a target molecule or an impurity), The most common 

methodology is the use of polymers containing ion species, such as polyelectrolytes. 

Generally, polyelectrolytes are added to the protein mixture and purification is achieved 

via selective flocculation of one or more components of the mixture. A critical 

draWback of this approach is that carefully controlled levels of polyelectrolytes have to 

he added in order to avoid residual polymer contamination (e.g., when polymer level 

too high) or inefficient flocculation (e.g., when polymer level too low). Because ion 

exchange and other charged chromatography mdia. are commonly used in the 

purification of protein:, residual polyelmttrolytes can potentially bind to the media used 

in downstream purification steps, thereby fouling and complicating the process, 

poo.6) 	Recently; technology hash en developed which overcomes some of 

the challenges: as 	dated with the im of poly men thr purification of biomolecuies (see, 
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e.g., International PCT Publication No. WO 208/079302 A4 For example, stimulus-

msponsive or "Smart" polymers have been developed which can bind to both soluble 

tr:g„ host cell proteins, DNA., cell culture additives) as well as insoluble (cg, cells and 

cellular debris)-eomponems (see, e.g., US PUbiick:ition Nos, 20080255027 and 

2009()03665 l) Although .stimulus.responsive polymers show great promise in general, 

a key ehallt.no that faces a broad W;e.of such polymers is the existence of a simple 

stimulus which may be implemented at a variety of- scales, atriging from laboratory 

scale to largo production scale. 

Summary of the :Invention 

[0007] 	The present invention provides novel polyelectrolyte based stimulus 

responsive pail', inets which am easily scalable and operate over a wide range of pH. and 

conductivity, thereby enabling their use in the purification of a wide array of 

biomolecules including, e.g., therapeutic proteins. 

[00081 	In some embodiments according to the present invention, a stimulus 

responsive polymer comprising a polyelectrolyte backbone comprising one or more 

hydrophobic groups is provided, where the polymer is capable oibinding and 

precipitating a biontolecule of interest in a:sample following the addition of a stimulus: 

[00091 	in sonic embodiments., the polyelectrolyte backbone of a pOlymer 

according to the present inention comprises at least two?. monomeric units or at least 

three monomeric units. In some embodiments, at least 50% of the monomeric units 

comprise a charge. in other embodiments, each monomeric unit of 	polyelectrotyte 

backbone comprises a charge, 

10010] 	In some embodiments, a stimulus responsive polymer according to the 

present invention comprises a polyamine backbone. in some embodiments, one or 

more hydrophobic groups is a phenyl group, 
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p9I1.1 	The Stimulus responsive polymer according. to the present invention 

are uSefill for purif.siing a desired target molecule and do so by separating the desired 

target molecule from one or more:undesirable entities present in a camp ie aiong with 

the desired-target molecule., 

(001.2.1 	Accordingly, in some embodiments, a stimulus responsive .polymer 

according to the present invention binds -and precipitates atiotnOleetfle of interest, 

which itself is the desirable target molecule bound and precipitated by. 	stimulus 

responsive polymer. 1n other erntlediments„ a stimulusiesponsive polr lerbinds and 

precipitates a biornolectile of interests  which is an undesirable mity present in a sample 

along with the desirable taqr,et - molecule. 

NOM 	in some embodiments, thebiornolecule of interest is a therapeutic 

polypeptide (i 	, the desirable target. molecule). In some embodiments, the therapeutic 

poiypeptide is an antibody (e,g:, a monoclonal antibody). 

po 14.1 	In other embodiments, the biomolectile of interest is selected from the 

group consisting of host cell protein, DNA, RNA,.lipids, viruses, endotoxiits, cell 

culture additives, whole cells tuld cellular debris. 

[0015] 	In some embodiments, a polymer according to the present invention is 

responsive to a Minna/is which iS a complex.forming salt, 

[0016]. 	Also encon/passed by the present .invention. are methods of using the 

polymer described herein. The stimulus rasponsive polymers are tatique:and inventive 

over the piAymers described 'r the prior art„ in that they supplant or improve upon -one 

or more steps in a purification proeess,thereby to substantially increase the overall 

purity Of a target inoltettle desired to be purified or separated from on or 'More 

undesitableentities. 
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suitable to mcipitate the eornplex, where the preciPhation of the comp ex reSults in the 

separation of 	target molecule from one or more itnpurities, thereby  to increase the 

purity of the target molecule. 

10020.1 	In some embodiments, a stimulus responSive polymer according to the 

present invention compri,ws the following structuie: 

.... ... 	_ 

- x 

.N\N's-,,,....-- 

- ' 

...-B 

y 
t< R2 

1 

where x. and y represent moranneric units of the polymer; RI  and R2 arc charged groups 

which form a part of the polyelectrolyte backbone (B); and R is a hythnpbobic group 

attached to a charged group in the backbone. The .nttio of y monometic units (Les, 

having a hydrophobic group attached to the backbone) to the total number of 

monomeric units (Le,, lurn of x and y monomeric unit) represents the ''percent of 

hydrophobic modification" of the polymer. 

[00211 	hi ,somc embodiments, a stimulus responsive polymer asxording to the 

present invention comprises the fi':$11owing structure: 

....- ...----.. „ ---, • 

' - - J 

„B 

R4 R5 

where x, y and z are monomeric units in the polymer; R4, R and R3  are charged groups 

which form .11, part of the .polyelectrolyte backbone (13); R4 is a hydrophobic group 

attached to a chart ed group in, the backbone, and R5  is a functionil group attached to a 
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modification would be between 1% to 7,5% or between 5% to 7M of the total 

polyelectrolyte monomeric units (Le., x + y). 

[0024 ' i 	in yet other embodiments, a stimulus responsivepolyineraccording to 

the present invention comprises tlu, following stn icture: 

.. ... . 	... 

- 
.. _ •\„,, ...,-, ..,-- 

R2 Rs  

I I 
Rs 	Rs 

where Rh  R2  and R3  are aliphatic amine groups which forth a pan of the carbon 

containing polyelectrolyte backbone (e.g., primary or secondary amines arldfor aromatic 

amines); R is a hydrophobic group containing 4 or more carbon atoms and selected 

from Amyl, aralkyl and ara3kenyl groups; and R5 is a hydrophobic group containing 4 

or more 4 carbon atoms and selected from an alkyl or a flitorocarbon group. The ratio of 

y monomeric units to the total number of polyelectmlyte monomeric units is between 

0:01 and 0,75. The ratio of z monomeric units to the total number of poiyelmtrolyte 

ntonomerie units is between 0.05 and 0,5 or between 0,01. and 0,5, Ammintgly, the 

percent hydrophobic 'group Modification is between I % and 75%.f)r between 5% and 

75% and the percent functional group modification is between 1% and 50% or between 

.5.:i:i and 50%, 

(00.25] 	Additional =the& of using; the stimulus msponkve polymers 

according; to the present invention include methods which enable:the purification of a 

turret molecule orproduet of interest (e.g., an antilxuly) while minimiOng the amount 

of residual polymer in the sample. 
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100261 	1n some embodirnents, a method of separatirn.:.! a target molecule (e.g, 

an antibody from one or more impurities using a stimulus responsive polymer 

according tc3 the present invention While niinitnizing residual amounts of polymer is 

provided, where the method comprises the steps of; (a.) providing a sample comprising a 

target molecule and one o more impurities; (b) contacting. the sumpf e with a stimakm 

responsiw polymer under a first set of conditions suitable for the polymer to bind the 

one or more impurities, thereby to form a first complex of polymer and one dr more. 

impurities, Where the first -set olconditions comprise adjusting pH or salt concentration. 

of 'the sample betbre or oiler the addition of the polymer; (c) precipitating the 144 

complex from the sample under a second set of conditions; (d) contacting the sample 

with a multivalent ion, thereby to form a second complex of residual polymer' and 

:multivalent ion; to) precipitating the second complex; and (0 recovering the target 

molecule from the sample; thereby to separate the target mama from one or more 

impurities in the sample while reducing the amount of residual polymer in the sample, 

[00271 	In some embodiments, the target molecule is an antibtxty„ In a 

particular ethbodiment, the antibody is a monoclonal antibody. 

[0028) 	Ina particular embodiment, recovering the target molecule in various 

methods according to the present: invention comprises a chromatograPhystop. In 

another embodiment, recovering foe target molecule comprises a filtration step. 

[00291 	In some einhodiments, methods according to the present invention may 

include two or more steps which employ a stimulus responsive polymer according 'to 

the invention: For example, a stimulus responsive polymer may be used to precipitate 

one or more impurities in one step of the purification process and saine or different 

polymer may be used to precipitate a target mOlecule.or the desired product in a 

different step of the ptocess, 
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(0030] 	In some enthediments, the one or more impurities it5.selected from the 

group consisting of host cell protein, DNA, RNA, antibody aningates, viruses,:  

endotoxins„ whole cells, cellular debris and cell culture.  additives. 

,tlyittiLleiall Sjo,...Agigikalina, 

[0031:1 	Figure I is a schematic depicting thereaction of a polyaltylamine 

polymer with benzylehloride 

[00321 	Figure 2 depicts the reaction scheme for heNatioic.acid and *art-butyl 

Modified polyallylamine (1104-1'`'+ iMPAA) 

[00331 	Figure - 3 is a graph depleting the effect of sodium chloride on the 

multivalent 'ion stimulus and pH responsiVeneSs of hexanoic acid and ten-butyl 

modified polyallylamine (HC-03uMPAA). The X-exis depicts pH and Y-axis depicts 

turbidity of the centrate .0.e., 	output ofa. centrifuge), 

[00.341 	Figure 4 depicts the synthesis of polyvinylamirte, as deseritYd in 

Example 29. 

[0035) 	Figure 5 depicts a ruction l'<".n.  tlw &protection of polyarnitie after 

polymerization. 

(0036) 	Plow 6 depicts a reaction of pelyvinylamine with benzylehloride 

I 0017] 	Figure 7 depicts a polymerization and traction scheme to form a 

-multivalent ion stimulus responsive copolymer.  

[1:/0381 	Figure a depicts an NMR spectrum ibr modified pOlyvinylarriine 

(PVA).from Example 35. integration of the III MAR Shows betizyl .it edification level 

of about.18%, 

[0039) 	'Figure 9 depicts an N.NER spectrum for modified poiyallylarnine from 

Example $6. Integration Of the, 11$ NMR. shows benzyl modification level of about 

3M 
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[00401 	Figure 10 depicts a graph demonstrating the effect of polymer dosing 

for a non-stimulustesppnsive polymer (e.g., chitosan) and a stimulus responsive 

pOlymer f e.g.,. heuzyl =Med polyallylamine) on centrate turbidity. The X-axis is the 

polymer dose (wt`} ).and the Y-axis is. the centrate turbidity NM), as deseribedin 

Example 37. 

[00411 	Figure II depicts a graph demonstrating the effect of polymer dos, in 

the presence and absence of a stimulus for a benzyl polyallylarnine stimulus reaponsive 

olymer, '.lie.-.axis is the polymer Lost' in wt% and Y-axis is the ceumte tathidity 

(NTU), as described in Example V.1. 

10042] 	Figure 12 depicts a typical scheme used for the purification of 

biomolwo les. 

[004,3] 	Figure 13 depicts a purification scheme including a stimulus tusponsive 

polymer used to improve the clarification of the cell culture. The stimulus responsive 

polymer removes one or more impurities, however, the polymer does not hind the 

desired target molecule. 

[0044] 	Figure 14 depicts a purifiation soicine including a stimulus responsive 

polymer used to improve the clarification of the.coll culture. The stimulus msponsive 

polymer removes me or more impurities via flocculation, however, the polymer does 

not bind the desired target molecule and the residual pOlymet is removed by adding 4 

.stimulus alter clarification, 

[00451 	Figure 15 depicts a purification scheme including  A stimulus responsivt 

polymer used to improve the clarification of the eon culture. me stimulus responsive 

polymer removes one or More iinpuriries, however, the polymer does not hind the target 

molecule and the residual 0/yin& is removed by an Additiortal.adsomthie,  filtration step 

f011owing clarification,. 



Detailed :Description 

[004l6] 	The present invention prat/ides„ at least in part, a novel and impraved 

stimulus responsive polymer comprising a polyelectrolyte backbone modified With one 

or more hydrophobic groups, where the polymer solubility can beahemd by the 

addition of a. stimulus. 

[(KW) 	Ti' 	stimulus mponsivc polYtriVra and inetherls-of using the same 

described herein are more efficient than those describes in the prior an, in that, they 

provide an improved range of pH for purification of desired target MOlectdes. Melt-Wino:, 

e.g,„ proteins, as well as removal of undesirable.entities such .as impurities, e,g„ host 

cell proteins, DNA, RNA, lipids, endotoxins, cell culture additives, cells and celhdar 

debris. In some-  embodiments, the polymers described herein at responsive to low 

concentrations of gin* multivalent sift, thereby allowing for improVed scalability 

and reduced conductivity relative to existing salt responsive polyIllen. InVariow, 

embodiments, the pcilyiners according to the present invention can offCdivey remove, 

whole cells, cellular debris as well as other soluble impurities fro-tr ettil culture media. 

The polymers can also effectively remove impurities from proft in mixtures containing a 

protein of interest and one or more impurities. Further, various polymers described 

herein are able to effeetively capture target molecules and protoinsdproducts of interest 

in a sample, thereby to separate them from one or more impurities present in the sample. 

and increase the purity of the. target rnoteeult. 

[0048] 	.Also encompassed by the present invention are methods of using the 

polymers described herein for purification of target molecules, e,g., therapeutic 

proteins, using a wide. array of-conditions. 

[0049] 	Without wishing to be bound by theory, it isountemplated that the 

StimultiS responsive polymers,  described herein can be used for the binding and 

precipitation of either a desired target molecule, e„.g., a therapeutic protein or a desirable 
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product, or an undesired entity, 4,:,;.„ one or -more impurities including, e.g., hoM eill 

protein, DNA, RNA, lipids, endotoxins, cell culture additives, Whole cells and cellular 

debris. In general, a molecule bound by a polymer according to the present invention 

is :referred to as a biomolecule of interest„ whether it is the desired target molecule or an 

undesired. entity. 

100501 	The selwtion of a particular stimulus rosponsive polymer to use, as 

described herein, is determined based on what the polymer is intended to bind. For 

example, in case of a biomolecule of interest which possesses a net negative charge at a 

pH above its pi (e.g., whole cells, cellular debris, DNA, endotoxins, and proteinS), a 

Stimulus responsive polymer comprising a polyeketrolyte hackWte which is cationic 

(i.e., positively charged) is desirable to us'.. On the other hand, in case of a bietnoIectile 

of interest which comprises a net positive charge at a pH below its pi (e.g. proteins), a 

Stimulus responsive polymer comprising as l'iolyelectrolyte backbone Which is anionic 

(i.e., negatively charged.) is desirable to use. 

(.00511 	A positive charge could be inherent to the polymer under conditions 

used during :the purification process or the positive charge can be generated with a 

change in pH. whieb renders the stimulus responsive polymer charged. 

[005.21 	An important parameter affecting the Overall recovery of a hiornolmge 

is the ratio of hydrophobic modification groups to the remainitut.turtundiad charged 

groups in the polycleetrolyte backbone. Fir exa'nple, as thepereentage of hydrophobic 

groups increases so does the resulting lose of the biomolectile through non-specific 

interactions. 'Therefore, for a given biornolectde, a specific ratio of Charged gToups to 

hydrophobic groups can be used in order to maximize him-1101mile recovery. 

Additionally, a high pementligeof hydrophobic groups may limit polymer solubility 

and the effectiveness of charged groups on the polyeleanslyte haabone, 
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[0053/ 	Farther, modificatiori of a charged amine group in the backbone of the 

t,itilyelectrolyte polyallyhurdoe with benzyi chloride., resalt5 in a secondmy amine which 

is charged under a wide array of pH conditions. However, such a benzyi modification 

addS.a steric bulk to the amine group which can affect Charge-charge interactions. 

Additionally„ modification art charged group in a polyelectrolyte backbone with a 

hydmpbobic group can result in a reduction in the number of charged groups, 'For 

example, modification of an amine group of polyallylamine with henzyl chloride results 

in the formation of an amide linkage which is not a charged group, thereby resulting. in 

a reduction in the number of charged groups in the backlxme. Accordingly, a reduction 

in the number of charged. groups can also affect both the polymer's solubility as well as 

the polymer's ability to bind through charge-charge interactions, 

(f)054! 	While, certain polymers according to the piesent invention axe cationic 

and others are anionic, hybrid polymers may also be synthesized, which comprise a 

polyelectrolyte backbone which is cationic and modified with one or more hydrophobic 

as well as anionic groups. In case of such hybrid polymers, Unmodified groups on the 

cationic polyelt.,Ttrolyte are responsive to a complex fbnning salt, While the anionic 

modificationgroups on the backbone can bind a biomolecule of interest which 

possesses a net positive Charge. Accordingly, the ratio of unmodified cationic groups in 

the polyelectrolytobackbone to anionic and hydrophobic groups is itapOrtant to 

determine the solubility and stimulus necessary for the polymer to complex and capture 

the biotholexltde of interest. :For example,-  too few unmodified cationic groups in the 

polyelectrolyte backbone -can result in limited to no response 10 stimulus, WhaeaS, too 

few anionic groups can limit the ability to Capture a biomolecule of interest. 

100551 	The requisite level of modification of polyeleatolyte backbone- by 

hydrophobic goups  as well as the type. and amount of stimulus that. is used can be. 
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determined based. on the biomolecule of interest to he 'purified using the f.solymer as 

well as the conditions used, and the inherent solubility and molecular weight of the 

potynter backbone.., For example, in order to minimize the amouTit of stimulus used, 

e.g.,. a multivalent salt, it iS .46:table to have more hydrophobic groups attached to the 

Wyelectmlytebaekbene, Alternatively, increased amount of multivalent ion stiMulus 

mduces the extent of the hydrophobic modification or percent hydrophobic 

modification mquired. in some instances, it maybe possible to completely eliminate 

the need for hydrophobic modification, for e.xample, if the multivalent ion stimulus is at 

a very high coneentration„Alternatively, increasing the polrner molecular weight 

reduces the inherent solubility of the polyelectrolyte backbone and may allow fu low 

CS '?.43 or 16s3) or no polyeicetrolyte hydrophobic modification. However, the elimination 

of hydrophobic Mildification can increase the amount of residual polymer for lower 

molecular weight or more soluble polymer backbones at high polymer doses. 

(0056) 	In various embodiments, the extent of hydrophobic modification on a 

polyelmtrolytehackbone ranges frOrn 1% to 85% or 5% to 50%. Accordingly, 

depending on the hiomolecult of interest to be bound by a sollititttS Wspimive polymer, 

the: percentage of hydrophobic modific.atim is at least 10/0, 2%, 3%, 4%, 5%, 10%, 

15%, 20%,, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, .65%, 70%, 75%, 80% Ot 

85%. 

1)057) 	In some. embodiments, a complex forming sahis used as a stimulus. hi 

various embodiments, the concentration of the complex fortning:salt cantles from 2mM 

to 500mM, or from 25nmM to 100mM. E.xemplaty complex forming salts include but 

are net limited to Multivalent ions snob as, e.g., citrate, phosphate, sulfate and ElnA, 

and ion-association salts such as perehlorate, dodecyl sulfate sodium salt, dodwyl 

benzene sulfite, Feat )-4-chion2-nitTophenol union, tetraphcnyI bmte :ixi.iums salt and 
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heximitrodiphenol amine (see..e.g., ANALYTICAL SCIENCES, DECEMBER 1987Y 

VOL. 3, p. 479). 	In general, an ordinary skill in the art would be familiar with 

numerous complex forming -8ab which are known in the art and may be used as a 

stimulus for the polymers described herein. 

00581 	The amount of a complex forming salt which is required to induce 

precipitation depends on factors such as, e.g., pi.I, polymer concentration and 

concentration of biomolecule of interest in a sample. For example, some. 

polYelectrelyres such as polyallylarnine have a charge density which varies with pH 

(level of amine protonation). As the pH is increased, the level of charge density is 

reduced so the degree Of stimulus required to induce precipitation will I* different than 

at a lower p14 or higher charge density state 

l€ 	91 	In general, a stimulus responsive polymer according' to the present 

invention maybe added to a ftvdstock containint..?;.atarget molecule or a target molecule 

containing Sample, in the form of a solid Or in the form of a liquid, The final polymer 

concentration is generally between 0:0114 and 2%. In some methods described. herein., 

a mixture of a polymer and a hiomolecule of interest is get crated ((Ahmed by the 

addition of a stimulus', 0,g,, a complex forming salt such as a multivalent anion, The 

anwunt Of stimulus may depend on the polymer concentration. For example, a polymer 

concentration of 2% will require a higher amount of stimulus required to induce 

polymer precipitation. It is important that the stimulus is applied in the correct or in a 

Slight excess amount in order to ensure complete polymer precipitation through the 

stimulus response. This is in contrast to polymer flocculation, where overdosing leads 

to problematic residual polymer. 

[00001 	The present invention can be used in a variety of purification .Wkittmeg, 

The -stimulus responsive polymer can be beneficial at any step of the process, Although 
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thopre(erred use is at the begjutting of the :process during clarifiention or during capture 

of the.target molecule, A single stimulus responsive polymer or mixture of polymers 

can be added itioneor more steps and.suhsequently precipitated using one or more 

stimuli. The stimulus can be applied before, during or after the polymer associates with 

the biomolecule of interest (Le., one or more irnputities or a desired target molecule). 

Also, the gityltiluS can be applied before, during or after the removal of the precipitate, 

Which is generally in solid form. The precipitate can be subsequently mimed using 

one or more techniques known in the art and/or those described herein whits; .0,1;,.., 

filtration, settling, centrifugation or any other solid/liquid separation method or a. 

combination of methods in simultaneous, parallel or series separation ,solidi es 

M] 	Addition of the stimulus.responsive- polymer can he aecompliShed in 

several ways, The cell culture media may be adjusted to a de red condition prior to the 

addition of a stimulus responsive polymer, for example adjustment {e.g., reduction) of 

pH and/or conductivity. The mimutolz msponsive polymer can then be added to the. Ce0 

culture media and mixed. The stimulus responsive polymer can be added in a liquid OT 

a solid format. The, polymer containing: solution itself canoe formulated just that it 

adjusts the pll of the cell cultmemedin to a desired condition. For tiXatnple, 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'  rovide the 

necessary pH adjustment upon addition of the stimuluS responsive polymer, thereby to 

result in the desired polymer concentration and solution pil. The stim:ulus responsive 

polymer can he added in concentrations where. spontaneous flocculation occurs, 

typically in the range of Of)I to OA% wt polymer or 0,01 to 0,5% pit polymer., 

depending on the type and rpereent.solids, such that the Solution becomes cloudy and 
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begins to. form a precipitate. Alternatively, the stimulus res/)onsive:polymer can he 

added in concentrations where .spontaneous flocculation.does not mem- h&n polymer 

biornolectile association does occur, e.g., typically, in the range of 0,5% to 2% wt 

polymer, and the solution could be clear or slightly cloudy Or more turbid than the 

ofiginid solution, Also, the stimulus responsive polymer can be added in concentrations 

where &mixture of spontaneous flocculationand polyinutNbiotnolecule ass.ociation 

occurs. 

ff10.62.1 	Although, use of astimalus in a purification scheme is more desirable 

as it alleviate 	ome of the problems assoeiated with overdosing wit the polymer, esg„ 

as in cast of :flocculation: processes, it is contemplated that Illepolytnem described 

Wein may alsobe used as flocculants. 

10063 j 	In an exemplary purification scheme, a stimulus reSponsi ve -polymer 

according to the piv;sent inventionis added to the cell culture after fetmernatiOn is 

complete and polymer is fornrulated to bind a bioinolocule of interest which is not the 

desired target molecule. in such a method, a stimuluslvsponsive polymer is added to 

The cell culture under a first set of conditions, -e.g., conditions Which may be adjusted 

before, during or after the addition of the polymer which binds tlie-biOrnolecule of 

interest, After the stimulus-  responsive polymeris added under the ritV set or 

conditions, a -stimulus is -added under a second set of conditions, thereby generating a 

precipitate which includes the blimolecule of interest te.g,„ one or more impuritieStuth 

as cells, cellular debris, host cell proteins, DNA, endotoxins, and viruses). The solid 

precipitate canbe subsequently removed by centrifilgation and/or filtration., diemby 

resulting in. a clarified cell culture fluid. The resulting clarified cell chlturefinid may be 

subSequentlylpassed through a capture step using a chromatography media to bind the 

desired  target Molecule, The target inOlectile may Subsequently be elited from the 
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select/identify a filter which can bind the stimulus .responsive polymer. for example, a 

filter with similar properties to the biomolecale of interest which is to be bound by the 

prilymer may he provided. Alternatively, a filter pessessinu a charged group that has 

the saine charge as the biomoleculle Of interest and a charge opposite. that of the 

thimulus responsive polymer mays be used. 

[0066] 	Membranes, packed beds or filters May also be used to remove a 

polymer from solution. For eXample, an anionic intinbrane Containitg sulforne acid 

gimps could he used to remove a poi:pm:int.! stimulus responsive polymer. Aiwa 

filter with binding properties similar to the stimulus used to precipitate the polymer can 

be used. If the stimulus is a multivalent anion, then providihg a fiber with a surface that 

contains multivalent anions can tut/love the polymer from solntk>n. For example, a 

membrane modified with polyvitylphosphatecould bind to polyamines in much the 

same way that phosphate. ions can complex with polyamines, thereby to induce 

precipitation. Also, heada (e.g., polyrnethacryiate) modified with holykitYlphosphate 

could be used. In some embodiments, following filtration of the solution with a filter 

that can remove the stiraulus responsive polymer, the resulting solution is passed 

through a capture step usinga chromatography media to bind the target hiemolecule. It 

is possible to remove the polymer using a chromatoaraphy media, depth fitter or other 

porous material that can bind the stimulus responsive polymer. It is also possible to 

reinOVe the polymer with adsorptive means at a single step or molv than one or multiple. 

steps. Further, it is possible to remove the polymer via adsorptive means at any step 

after the polymer's addition to the mixture. 

tOck71 	It is anticipated that the present invention can be used in many 

variations of the purifications schemes described herein. The stimulus responsive 

polymer can be used to. substitute or enhance both the clarification and capaire steps. 
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For exantple, two .separate stirmilus responsive polymers could be used.., the first 

polymer which binds one Or more ittrpurities but does hat bind the target molecule and a 

second polymer which binds the target molecule. 'These two polymers could be applied 

in separate steps or a single step. Li15.ewise, a single polymer could be used Which has 

functional groups capable of binding. the target molecule and a polyelectrolyw 

backbone capable of binding one or more impurities. The single polymer could bind 

the target -molecule and one or more invurities in at single step or mid* steps.. 

Subsequent elution of the target.molecule from the polymer may occur after several 

different preciphatioWstimulus additions or washing steps, The stimulus tesponsive 

polymer can be added after the eaptnre step and Used to clarify suspended solids and 

in 	which - melt from virus inactivation or other stein allerthe capturestep. The 

stimulus responsive polymer can also substitute for or enhauce prilishing.steps, 

f9068] 	in some embodiments, a:virus inactivation step ti:. ,, exposure of 

solution to. low pH, surfactants or heat) is included. The solution conditions may be 

adjusted and the sample processed through a series .of polishing steps (i.e,,one or; more 

of ion exchange, hy'dr'ophobic interactions  mixed mode and others). The solution .may 

then undergo a series of filtration steps„incindin virus filtration and ultrafiltration or 

diatiltratiott„ 

[0069] 	hi order that the present disclosure may be more readily understood, 

certain terms are first defined.. Additional definitions are set:forth throughout the 

detailed description, 

L 	Definitions 

DV 70] 	The term "stimulus" or "stimuli," as used interchangeably herein, is 

meant to refer to a physical or chemical change in the environment which molts in a 

response. by a stimulus responsive polymer according to the present invention. 
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J5 ''C. 	In a particular embodiment, a stimulus responsive polymer it a polyallylamine 

Or apolyvinylamine polymer which is responsive to a multivalent ion stimulus (e.g., 

phosphate stimulus). 

(00731 	The term "polyeloctrolte backbone," as used herein, refers to a carbon 

captaining polymer comprising two or more monomeric units, where at least 50% of the 

units, or at least 55% of the units, or at least 60% of the units, or at least 65% of the 

Mit% Of at least 70% of the units,.:or at least 75% of ti* wits, or at least 80% of the 

units, or at least S5% of the units, or at least 90% of the units, or at least 95% of the 

units, contain a charged fAmetionality. la other words, at least 50% of the monomeric 

units include a charged group which %aria a part of the, unit. In some embodiments,,a 

polyelectrolyte backbone described herein contains at least two or more monomeric 

units, where each of the units contains a Charged functionality. In ease of the 

pdlyelectrolyte backbone of polymers, in which each of the Olf.gionxtrk; units contains a 

charged functionality, such polymers may be referred to as referred to as "continuous 

polyelectrolytes," Exemplary polyelectrolytes include, but am. not limited to, 

polyallylamine, polyvinylamine, polyacrylic acid, polyethyienciarine, chitosan, and 

polyvinylphovhoric  acid, it is also contemplated that one or more entities, which are 

different from the monomeric units, may be linked to polyeleotrolyte backbone. 

[0074] 	The term "hydrophobic group," as used het in, refers to a nonpolar 

entity or chemical group, which has little to no affinity for water.. Exemplary 

hydrophobic groups include, but as 	not limited to, phenyl groups, tertiary butyl groups, 

cycliehydrocarbons,:polye.ylic aliphatic hydrocarbons,. polycyCiic aromatic 

hydrocarbons, and-short chain hydrocarbons such as hexyl and mild eroups. In a 

particular embodnuent, the hydrophobic group is a phenyl group. The hydrophobic 

group can also be a non:hydrocarbon and contain beteroatoms such as nitrogen, oxygen, 
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sulfur, phosphorus etc. In various e.thbodintents according to the present invention, 

stimulus msponsive plymers are provided, which comprise a polyelectrolyte backlmne 

having one or more hydrophobic group attached m a charged ppap in the backbone, 

Without wishing to be bound by theory, it is understood that the ritindua- of hydrophobic 

groups attached to the polyelectrolyte backbone is important for altering the pOlymer 

solubility, thereby to improve the stimulus responsiVeMSS of the polymer. Howeva, it 

may be undesirable to have a number of hydrophobic groups which render the polymer 

water insoluble without a stimulus. 

[0075] 	The percentage of charged groups in a polyelectmlyte backbone which 

are modified with a hydrophObic group is.generally refer/1M to as "percent hydrophobic 

modification" of the polymer, Accordingly, in various embodiments, the peteent. 

hydrophobic modification is important and ranges 1%. to 85% or from 5% to 85%. 

Aecordingly, the percent hydrophobic modification may be at least .1%,or at WA 2%, 

or a least 3%, or at least 4% or at least 5%, or at least 6%,.or at least 7%, or at least 8%, 

or at least 9%, or at least .10%, or at least 1- 5%, tIr at least 20%, or at least 25%, or at 

least.30%, or at least 35%, or at least 40%, or at least 45%, or at least 50%, or at least 

55%, or at least 60%, or at least 65%, ot at least 70%, or at least 75%, or at lea& 80%., 

or at least 85%. 

[00761 	The term "percent hydrophobic modification" as used herein generally 

refers. the ratio of unmodified poly-electrolyte charged glows to hydrophobic group 

modified pulyelectrolyte charged groups as a percent of the total polyeketlolyte 

monomeric units in a polyelectrolyte polymer backbone. 

[0077] 	In sonic embodiments, a hydrophobic group attached to a 

polyelectrolyte backbone further has a charged group attached to the hydrophobic 

group, which is distinct entity fron . the charged group in the backbone. 
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[078] 	AS used heroin, the term "alkyl, ' zenerally refers to a straight or 

branched hydrocarbm chain. Straight chain or branched chain. hydrocarbon chains 

refer to arty substituted or unsubstituted 'acyclic carbon-coutainimt COMpound$, 

including, e.,.g.,:alkanes, alkenes and alkynes. Examples trf alk-yl groups include lower 

alkyl, for exampleonothyl, dvl, n.propyl, iso-propyl, n-bit”,e1, iso-butyl, tart-butyl or 

iso-hexyl; upper alkyl, for eample, n-heptyl, n-octyl, i$o•octyl, nonyl, decyl, and the 

like; lower .alkylene, for example, ethylene, propylene, propylyne;butylene, butadierte., 

peutene, n-hexerie or iso-hexene; and upper alkylene, for example, ri-heptenc,. n-octene, 

iso-octerte, nonenc, deceno and the like. An ordinary skill in the art would be familiar 

with numerous shtight, i.e., linear, as well a branched alkyl gri,ups, whichare 

encompassed by the present invention. 

[00791 	In addition, such alkyl groups may also contain various substituents in 

which one or more hydrogen atoms is replaced by is functional group. Examples of.  

fintetional groups Inc.lude hut not limited to, carboxylic, sulfortic, phosphonio ';<.,roups 

and the like. As used herein, the term "alkenyl" refers to a straight or branched 

hydrocarbon chain, where at least one of the carbon-carbon linkages is a earbort-eatbon 

double bond. 

	

Mg} 	As used herein, the term "aralkyr refers to an alkyl group which is 

terminally substituted with at least one aryl group. 

	

fQ081) 	As used herein, the term "aralkenyl" .refers to an alkenyl group which is 

terminally substituted With at least one aryl group. 

[00821 	As used herein, the term %I-yr refers to it :hydrocarbon ring beariq.' a 

system of conjugated double bonds, often comprising at least six n (pi) electrons. 

Examples of aryl groups include, but are not limited to, phenyl, naphthyl, anivi, toluyl. 

and xylertyl . 
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[0083] 	As used herein, the term "fluorocathon" refers to a straight or branched 

carbon chain in which one or more hydrogen atoms is replaced by a fluorine group. 

Straight chain or branched chain fluormarbon chain generally refem to any substitutW 

or unsubstituted acyclic carbon-containing compound, including, e.g., alarms, alkems 

and alkyiles. Examples of alkyl groups include lower alkyl, for example, methyl, ethyl, 

n-propyl, isopropyl, n-butyl, isick;butyl, tett-butyl or iso-he•Xyi; upper tilkyl, for 

example, n-heptyl, n,-octyl, iso-octyl, wily:, decyl, and the like lower aikylene, for 

example, ethyiene, propylene, propylyne, butylene, butadiene, p ntene e-hexcne or iso-

iMelle; and upper alkylene, for example, rt-heptene, nsoctene, iso-mtene, not 

&Tem and the like. In general, it is understood that one or ordinary skill in the art 

would be familiar with numerous straight, i.e., linear, as well as branciwsi alkyl groups, 

which are within the scope of the present invention. In addition, such alkyl groups may 

also contain various ;,:itibstituents in which one or more hydrogen or one or more 

fluorine atoms is replaced by a functional group. Examples of functional groups 

include, but are not limited to, carboxylic, sulfonic, phosphonic groups and the like. 

100841 	The term "functional group,' as used herein, is a group Which imparts 

additional functionality to a polymer described herein: ID other words, a functional 

group is a group, which is distinct from a hydrophobic group, and is also attached to the 

polyelectrolyte backbone, e.g., to a charged group in the hackhonne. Far example, in 

sonic embodiments, a functional group can he a liguid forchanging the binding 

properties of the polymer, for example, carboxylic acid, stilibnic acid, sulfate, primary 

amine, quaternary amine and diethylamirto groups. The functional group Can also alter 

properties or provide additional desired properties to the polymer such as,for example, 

aitering•.a stimulus response or making the polymer responsive to a second stimulus. 

Exemplary functional groups tier altering -stimulus resmuie behavior include, but are 
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itot limited to, carboxylic acid group (pH responsive), pyridine,  group (pH Twomive) 

atid N-isoptopylacrAamido group (temperature response). 

[0051 	The term "ligand" as used herein, generally refers tO an entity which 

provides a specifk binding capability for another entity:, Examples of "ligands" 

include, but are not limited to, on exchange groups, bioaffinity or biospecific groups, 

hydrophobic groups, thiophi lie interaction groups, chelate or cheating groups, groups 

having so called pi-pi interactions with target compounds, hydrogen bonding gioups, 

and hydrophilic groups, 

(OM] 	'The term "flocculation," as used herein, refers to the addition of a 

floccolant, such as a polymer described herein, to a solution in order tommove one of 

more suspended insoluble or soluble impurities. The polymer must be added to the 

SOilltiOri at a concentration which allows for spontaneous formation of:insoluble 

aggregates which can be removed from solution via typical solidsliquid setiaration 

methods. 

00871 	The term "conipositirm.," "Solution" or "sample," as used herein, refers 

to a mixture of a target molecule or a desired product to be purified using one or mom 

stimulus resrmsive polymers described &rein along with one or more undesirable 

entities or impurities. In some eMbediments, the Sant* comprises lbedsteek. or cell 

culture media into which a target molecule or a.desired product is secreted. In some 

embodiments, the sample comprises a target inoleoule (e.g.,. a therapeutic protein or an 

antibody) along with one or more impurities (e.g.,.host cell proteins, DNA, RNA, lipids, 

cell culture additives, Cells and cellular debris). In some embodiments, the sample 

Comprises a target molecule of interest which is sevretedinto the cell culture media.. In 

someembodiments„ a sample from which a target molecule is to be purified using one 

or more stimulus resiionsive polymers described herein is "partially purified" prior to 
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Contacting the sample with a stimulus reSponsive polymer. Partial purificaticm may be 

accomplished, for example, by subjecting the sample to one ermore vilification steps,. 

such as, e.g., one or morenonatfinity chromatography steps.. The target molecule may 

be separated .from one or more undesirable entities or impurities either byprecipitating 

the one or snore= impurities or by precipitating the target molecule. 

0088.1 	In some embodiments, a stimulus responsive polymer acetialing to the 

present im,ention hinds to a 'biomelecule of interest which itself is a target molmule.or. 

product (e:g., atsrget protein or poIypepride), under a first set of conditions and 

precipitates the target molecule under a second set of conditions, e.g.,.npon the addition 

of a 'stimulus to the sample. In other embodiments, a biothoieculeof interest isa 

molecule.other than a target molecule. In other words, the biontoleMle of uterest 

hound by a stimulus responsive polymer described herein may be a molixtde Which is 

not desired to be associated with a target molecule in a sample: Without wishing to be 

bound by theory, it is contemplated that in some embodirrtents a Stimulus it 

polymer according to the present invention binds and precipitates one or more of host 

cell pmteins, DNA, whole cells, cellular debris, viruses, endotoxitis, and/or cell culture 

additives, upon the addition of a Stimultm Accordingly, a target molecule (e.g., a target 

protein or polypeptide) could be purified using a polymer described herein either by 

pmcipitating the de Shed target molecule or by precipitating one or :more undesirable 

entities (e.g., one or more impurities) which may be present in a sample containing:  the 

desired target molecule. 

[00.891 	The teem '"precipitate," precipitating" Or. -precipitation," as used herein, 

rekrs to. the alteration of a bound (e.g., in a complex with a biomolecule Of interest) or 

ntibound polymer from an aqueous and/or soluble state to a ram„-ailmous andior 

insoluble -states 
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[00901 	The term "biontolecule of interest," as :used herein, refers to any 

MOIMUlt. WIlksil is bOtind and precipitated bye stimulus responsive polymer described 

herein. For example., the biornolecale of interest can be.a desired target :molecule such 

as;forexample, a desired product or polypeptide of interest (e.g., an antibody), or it can 

be an undesirable entity, which needs to be removed from a sample containing the-

desired target molecule. Such undesirable entities include but are not limited to, thrr 

example, one or more impurities selected from host cell protein, DNA, ANA, protein 

aggregates, cell culture additives, viruses, endotoxins, whole cells and cellular debris. 

(00911 	The terms "target molecule," "tine biotholecide," '`desired target 

molecule" and "desired target biomolecule," as used inter-Changeable herein, generally 

refer to a polypeptide or product of intemst, which is desired to be purified or separated 

from one -or more undesirable entities, e.g., one or Mre impurities,. which may be 

present in a .sample containing the polypeptide or product of interest. The terms 

"protein Of interest," 'target polypeptide," "polypeptide of interest," and "target 

protein," as used interchangeably herein, generally refer to a therapeutic protein or 

polypeptide„.iocluding but not limited. to, an antibody that is to be purified nsin 	a 

stimulus responsive polymer according to the present invention. 

[00921 	As used herein intediangeably, the term "polypi tide" or "protein," 

generally refers to peptides and proteins having mote than about ten amino acids, in 

some enibpdiments, a %Wallas responsive polymer described herein is used to separate 

a protein or polypeptide from one or marenodethable entities:present in a sample along 

with the protein or polypeptide. In some embodiments, the one or more entities are one 

or more impurities Wilk:h.-may be present in a sample along with the protein or 

polypeptide being purified. As discussed, above, in some embodiments, a stininhis 

responsive polymer described herein specifically binds and precipitates a protein or 
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polyixptide of interest upon the addition of a stimulus to the sample, in other 

embodiments, a stimulus responsive polymer described hermit binds to and precipitates 

an entity other than the protein or polypeptide of interest such as, for example, host cell 

proteins,. DNA, viruses, whole cells, cellular debris and cell culture additives, upon the 

addition of a stimulus, 

R)0931 	in some embodiments, a protein or polypeptide being purified using a 

$fittaihlki r<'•p011SiVe polymer described herein is a mammalian protein, e.g., a 

therapeutic protein  tar a protein which may be used in therapy. Exemplary proteins 

include, but are I-tin limited to, for example, tr.min; a growth ire 	one, inchnling human 

growth liormone and bovine growth hormone; growth hormone :releasing factor; 

parathyroid hormone.; thyroid stimulating hormone; lipoproteins; alpha-l-antitrypsin;. 

insulin :'-chain; insulin 8.chain; proinsulin; follicle stimulating hormone; :,..kiii.zitobin;.  

luteinizing.hormone; &Capri; clotting factors such as factor VIM, boor IX, tissue 

factor, and von Willebrands factor; anti-clotting factors such as Protein C;. atrial 

natriuretic factor; hmg surfactant; a plasminogen activator, such as urokinase or 'human 

urine or tissue-type plasminogen activator (t-PA); borribettin; thrombin; ittroopoictie 

growth .factor; tumor necrosis factor -alpha and -beta; enkephalimu.,:e; .RANTERS 

(ixigniated On activation normally T-cell expressed and secreted); human macroPhage 

inflammatory protein (MIP-1-alpha); a serum albumin such as human serum albumin; 

Muellerian-3:nbibiting substance; relaxin A-chain; relaxin l4-chair.; ptorelaxin; moose 

gorradottopin-assmiated peptide; a microbial protein, such as beta-lactimase; Muse; 

igE; a cytotoxic T-trophocyte associated antigen (CITA), such as CTLA-4; inhibin; 

aetivin; vascular endothelial ).rowth factor (VtCiF); receptors for hormonesor growth 

factors; Protein A or D; rheumatoid factors; a nearotrophic factor such as bone-derived 

neurotrophic factor (BB'. DNF), neurotrophin-3 -4, -5, or -ft (N T-3, NT-4, NT-5, or NT-6), 
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or a nerve growth factor such as NGF-A; platelet-derived growth factor (PDSP); 

fibmblast growth factor such as tx-RiF and 3- GIB epidermal growth factor (EGF); 

transforming growth factor (KW) such as TGF-alpha and MF-beta,inehiding IGF- 

$1., TGP-,(32, TOF-1B, TOVIP., or Trif-ii5; insulin-like growth flictor-I and --II (16F-I 

and WW-11); des(13)-IGF-I (brain ICiF-I), insulin-like growth factor binding proteins 

(I.G.FBPs) CD proteins such as CD3. CD44 CD8, CM 9 CD2O, CD34, and CD40: 

eryibropoietim osteoinductive f.actors; inummotoxins; a bona morphogenetic protein 

(BNIP); an interferon such as intorferon-alpha, -beta, and -gamma; colony stimulating 

factors ((CST's)., e.g„, M-CSF, GM-CSF, and G-CSF; interleukins (ils), e.g., ILA to IL-

tO.; :soperokide dismutase; T-cell receptors; surface membrane proteins:, decay 

accelerating factor; viral antigen such as, for example., a portion of the AIDS envelope; 

transport proteins; homing receptors; addiessins; regulatory proteins; integiins such as 

CDI la, CD! lb, CDI I c., CMS, an ICAM,AlLA.-4 and \TAM; a tumor asSociated 

antigen suchas HER2, HER'3.or HER4 reeepum and fragments and/or variants of any 

of the above-USW polypeptidets, 

[00941 	Further, in some embodiments, 4 protein or polypeptide parifkl using 

a smart polymer according to the present invention is an antibody, functional fragment 

or variant thereof In some embodiments, a protein of interest is a tecombinant protein 

containing an Fe region of a 	iramunozlobalin, 

1005] 	The term "resort nogfobulin,' "Ig" or "antibody' (used interchangeably 

herein) refers to a protein having a basic four-polypeptide ebainstracture consisting of 

two heavy and two light chains, said chains being stabilized, for example, by interchain 

disulfide bonds, which has the ability to specifically bind antigen. The terra! "-sintgle-

chain immunoglobulin" or "Single-chain antibody" (used interchangeably herein) refers 

to a protein having a two-polypptide chain structure consisting of a heavy and a light 
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chain, said chains being stabilized, for example, by interchain peptide linkers, which  

has the ability to specifically bind antigen. . The term "domain" refers to a globular 

region-of a heavy or light chain prilypeptide comprising peptide loops (e.g., comprising 

3 to 4 peptide loops) stabilized, for example, by 13-pleated sheet andlor intraehain 

disulfide bond, Domains are fOrther referred to herein as "constant" or 'Venable", 

based on the mlahve lack of sequence variation within the. domains of 'various class 

members in the case of a "constant" 'domain, or the significant variation within the 

domains of various class members in the case of a "variable" domain. Antibody or 

polypeptide "domains' are often referred to interchangeably in the art as antibody or 

potypoptid.c "regions.", The "constant" domains of antibody light chains are referred to 

interchangeably os "light chain constant regions",'"light chain constant domains', '"Cl," 

regions or "CL" domains, The "tvnstant" domains of antibody heavy chains are 

referred to interchangeably as "heavy Chain constant. regions"; "heavy chain constant 

domains", 'CH" regions or "CW domains. The "variable" domains of antibody light 

chains are referred to interchangeably as light chain variable regions", light chain 

variable 	"W.." regions or "VI," domains, The "variable" domains of 

antibody heavy chains are referred to interchangeably as "heavy Chain variable 

regions", "heavy chain variable domains", "VW regions or "VII" domains. 

100961 	Immunoglobahris or antibodies may be nibnixional or payelonal and 

inay exist in monomeric orpolymeric form, for example, IgM antibodies which exist in 

pentameric font-I...and/or IgA antibodies which exist in monomeric, diner'sc or 

multimeric form, immunoglobulinsor antibodies may also include multispecific 

antibodies (eg.,-  hispecific antibodies), and antibody fragments so long as they retain, Or 

.are modified to coMprise, a ligand-specific Wading domain. The. term "fragment" 

refers to a part or portion oaf an. antibody or antibody chain comprising fewer amino acid 



residues - than an intact or complete antibody or antibody:chain. Filaments  cart be 

obtained via ebonical or enzymatic treatment of an. intact Or complete antibody or 

antibody. chain. Fragments. can also be obtained by recombinant means. When 

produced reconibinantly, fragments may be expnissed alone or as part of a larger 

protein called a fusion protein, Esemplaq fragments include Fab, Fab', P(ab')2„ Fe.. 

and/or Fv  fragments. Exemplary fitsion proteins include Pc fusion. proteins. 

OW) 	0e-rim-ally, anintrounotidobulin or antibody is directed against an 

'antigen" of interest. Preferably, the antigen is a bicflogkmily important polypeptide 

and administration of the antibody to a mammal suffering from a disease or disorder 

can result in a therapeutic benefit in that mammal, However, antilvdies directed 

against non polypeptide antigens (such as tumor-associated glycolipid antigens; see U,$. 

Pat. No. 5,091,1"8) arc also contemplated. Where the antigen is a polypeptide, it may 

be a transmembrane moleCule (e.g. receptor) or a ligand such as a growth factor, 

00981 	T'be term '''Inottoclortal antibody" as used herein refers to an antibody 

obtained front a population of substantially homogeneous antibodies, .i.e„ the kidiyidual 

antibodies comprising the population Are identical except for possible ttatulay 

°coming mutations that may be present in minor amounts, Monoclonal antibodies are 

highly spedfie, being directed against a single antigenic site. Furthennore, in contraM 

to conventional (polyclonal) antibody reparations -which typically include different 

antibodies directed against different determinants fepitopeS), each rtionnclOnal antibody 

is directed against a single determinant on the antigen. The modifier "intim:Aortal- 

indicates the character of 	antibody as being obtained from a substantially 

homogeneous population of antibodies, and is not to be construed as requiring 

production of the antibody by any particular method. For example, the Monoclonal 

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



hybridoma. method first described by K.ohler et al., Nature 256:495 (1975), or may be 

made by 'recombinant DNA methods (see, e.g., U„S, Pat. No. 4,8./ 6,567). "Monoclonal 

antibodies" may also be isolated from phage antibody libraries using the techniques 

described in Ciackson et at, Nature 352:624-628((.1991) and Marks .et at, J. Mot. Biol. 

222:581-597 (1991), for example, 

[0099] 	Monoclonal antibodies May further include "chin mic." antibtidies-

(immunoglobnlins) in which'a portion of the heavy and/or light chain is identical with 

or homologous to corresponding sequences in antibodies derived from a particular 

species or be/men to a particular antibody class or subclass, 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 sabclass, a3 well 

as fragments of such antibodies, so long as tiwy exhibit the desired biological activity 

(U.S. Pat. No. 4,816567; and Morrison et at, Proc. Watt Acad. Sci, USA SI ;$8514i855 

(1984)). 

f00100) 	The term "hypemtriable region" when used ileTeit misers to the amino 

acid residues of an antibody which are responsible for antigen-binding. The 

hypervoriable region coil:Ifni:WS artuno acid residues from a ":.ontplementarity 

determining: region" or "CDR" (i.e.. residua 24-34 (1-1), 50-56 (L2) and 	9--9-7 (1$) in 

the light chain variable domain and 31-35 (H I), 50-85 .(1-12) and 95402 (H3) in the 

heavy chain variable domain; Kabat et at, Sequences of Proteins of immunological 

Interest, 5 4̀  Ed. Public Health Service, National Instittnes of Health, Bethesda, Md.. 

(1991)) and/or those residues from a "hypervariable loop" (Le, residues 26-32 (LI), 50- 

52:(12) and 91-% (L3) in the. light chain variable domain and 26,:32 (HI); 53-55(H2) 

and 96-101 (1'i.3) in the heavy chain variable domain:, Chotilin and 1,esk J. N-101, Biot 
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196:901.-917 (1987)). "Framework" or "FR" residues are those variable' domain 

residues other than the hy?ervariable region residues as herein defined. 

100101:1 	"Humanized" fonts of non-human (e.g., murine) antibodies are 

Chimeric antibodies which contain minimal sequence derived from non-hurnim 

immunoglobulin, For the most part, humanized antibodies are human inuminoglobulins 

(recipient antibody) in which hypervariahle region residues of the recipient are replaced 

by hypervariable region residues from a nonshumanspecies (donor antibody) such as 

mouse, rat, rabbit or nonhuman primate having the desired sixtcificity, affinity, and 

capacity. In some instances, Fv framework mgion (FR) resklues of the human 

immunoglebolin are. mplaeed by corresponding no*-human'midues, Furtheamore. 

humanized antibodies may comprise residues which are not found in the recipient 

antibody or in the donor antibody. neae modifications are made to further refine 

antibody performance In general, the humanized antibody will comprise substantially 

all of at least one., and typically two, variable domains, in which all or substantially a) 

of the hypervariable loops correspond to those of a non-human immunop,lobedin and all 

or substantially all of the FR regions are those of a human immumgkibutin sequence. 

The humanized antibody optionally also will comprise at least a portion of an 

immunoglobulin constant region WO., typically that of a human imintinogiobulio. For 

further details, see fories et al., Nature 321:522-525 (1986); .Riecbniann et al„, Nature 

332:323-329 (1988); and PreSta, Curt. Op. Struct. Biol. 2:593-5% (1992). 

ffl01021 	In sonic embodiments, an antibody which is separated or purified using 

a stimulus responsive polymer according to the present invention is a thempeinie 

antibody. Exemplary therapeutic antibodies include, for example, trasinzumab 

(HERCEPTINTm, Genentech,Inc., Carter et al (1992) Proc. Natl. Mad, Sci. USA, 

89:42854289; U.S. Pat. No. 5,725,856); anti-CD20 antibodies.such as Chimeric anti- 
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CD2O "C2138" U.S. Pat, No< .5,736,137); ritaximab (. IIMANm), MCii:Zurnab, a. 

chimeric or humanized variant of the 2H7 antibody (US. Pat, No.. 5,721,1.* WO 

04/050312) or tositurnomab (BEXNAR. am); anti-BA (St John et al (1993) Chest, 

103:932, and WO 95/23865); ant1-.VIMF antibodies inehiding humanized and/or 

of 	matured anti-VEGF antibodies such as the humanized anti-VEGF antibody 

huA4.6,1 bevacizturiab (AVASTINTN1, Genenteeh, Inc., Kim et al (1992) Growth 

Fa ,tars 7:53-A,  	96/30046, WO 98/4531);nPSCms W 	)fWO 	 3 	A 	(  

anti-CD40 antibodies, including 52C6 and humanized variants then er (WO 00175348);. 

anii-CD1 I a (U.S. Pat< No. 5,622,700; WO 98/23761; Steppe et al (1991) Transplant 

kW. 4;3-7; Hounnant a al (191)4) Transplantation 58;377-380); apti-iga (Presta et Ad 

(1993)1. ImmunoI, 151:2623-2632; WO 95/19181); anti-CD18 (U.S. 1>at. No. 

5,624700; WO 97/2,6912); ariti-IgE, including E25, E26 and EV (U.S. Pat. Nn. 

5;714,338; U.S. Pat. No. 5,091,313; WO•93/04173; US. Pat, No. ;5,714,338); anti-Apo 

2- _receptor antibody (WO 98/51793); anti4NF-alpha antibodies including c A2 

(REM1CADF"), CDP571 and MAX-195 (U.S. Pat. No. 5,672,347; Loreir, et al (1996) 

.r. Inuntinol, 156(4):1.64.6-1653; Dbainaut et al (1995) Oft. Care Med. 23(9);1461 

1469); anti-Tissue Factor (I)`) (EP 0 420 937 B1); aptiAttiman alpha 4 beta 7 integrin 

(W() 98/06248); anti-EGER, ehimerized or humanized 225 antibody (WO 9010210): 

anti,CD3 antibodies such as OKT3 (U.S. Pat. No. 4,515,893); anti-C1325 or aini-tau 

antibodies such as CH1•4521SIMULECTIm and ZENAPAKm (1).S. Pat, No. 

54693,362); anti-CD4 antibodies Such as the eM-7412 antibody (Choy et al (19%) 

Arthritis Rheum 39(1):52-56); anti-CD52 antibodies such as CAM:PATH-1H. 

(Ric:datum et al ((988) Nature 332:323-337); anti-Pc receptor antibodies such as the 

M22 antibody directed agaimit Fe gamma RI as in Gnziano et al (1995) .1; lintininol, 

155(10):4996-5002; anti-eareinoemlnyonic antigen (CEA) antibodies- such as hMN-44 
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Sharkey et al (1995) Cancer Res. 55(23Suppl): 5935s-5945s; andbodiea directed 

against bmast epithelial cells including bufirE-3, hu-Mc 3 and CHL6 (Ceriani et al 

(1995) Cancer Res. 55(23)5$54-5856s.; and Richman et al (199:3) Cancer Res. 55(23 

Stipp): 5916s-5920s); antibodies that bind to colon (amino:ma cells such as 0242 

(Litton et al (19%) Bur L Immunol. 26(1):1-9); anti-CD:3S anGbxii, •s, o.g, AT 13/5 

(Ellis et .11 (1995) J. Immunol. 155(2):925-937); anti-M33 antibodies such aft 'hl. M195 

Ciurcie et al (1995) Cancer Re• 55(2:5 Suppl):59Q8s-591 Os and CMA'-676 OT 00771; 

anti .C1)22 antibodies such asli,l, or 1..yrriphoe. de (Juweid et al (1995) Cancer Res 

55(23 Supply 5899s-5907s); anti-EpCAM antibodies such as 17-1A (P.ANOREXIm); 

airti-GpIlbtlila antibodies such as abeiximab or 0E3 Fab (REOPROrm); anti-RSV 

antibodies such as ?ABDI-493 (SYNAOISm9; anti-CM 	?antibmliessuch as 

PROTOVIRTm); anti-HIV antibodies such as PR0542; anti-hepatitis antibodies such a:  

the. anti-Hep B antibody OSTAVIR:04); anti-CA 125 antibody Ovallex; anti-idiotypic 

OD3 epitope antibody REC2; anti-alpha v beta„ antibody VITAX/N1.14; anti-human 

renal cell candnoma antibody suchas cb-Ci250; 1NG-1; anti-human 17-IA antibody 

(3622W94); anti-hurnan colorectal turnor antibody (A33); itnti-human melanoma 

antibody R24 directed against 0D3 ga,nglioside anti-human squarnous-cell ciocinotrut 

(S1-25); and anti-human leukocyte antigen (MA) antibodies such as Smart IDIO and 

the anti-HIA DR antibody Oncoiym (Lym-I), 

[001031 	The terms "contaminant," 'impurity," and "debris," as used 

interchangeably herein, refer to any foreign or objectionable material., including a 

biological macromolecule such iis a l'IA, an RNA. one or more host eel proteins 

WON or CHOPs), endotoxins, virusesx.lipids and one or more additives which may Io 

present in a sample containing a protein or polypeptide of inWrest (e. g. an antibody) 

being separated fmin one or .more of the freign or ojectionable rnole(...nies using a 
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stimulus responsive polymer according to the present invention. In some 

embodiments, a stimulus responsive polymer described herein binds and precipitate.s a 

protein or polypeptide of interest from a sample containing the protein or potypeptide of 

interest and one or more impurities. In other embodiments, a stimulus. lesponsive 

polymer described. herein binds and precipitates one or more impurities, thereby w 

sepan.rte the polypeptide or protein of interest from one or more impurities. 

[0:0104) 	The terms "chinese hamster ovary cell protein arid "CHOP7 as used 

interchangeably herein, refer to a mixture of host cell proteins (>;H. P") derived from a 

Chinese hamster ovary ("C'HO') cell culture. The 'KT or CHOP is generally present 

as an impurity in a cell culture medium or lysate (e.g., a harvested cell, culture fluid 

containing a protein or polypeptide of imerest (e.g, an antibody or imniurtoadhesin 

expressed in a CHO cell). Generally, the amount of CHOP pt•esent in a mixture 

comprising a protein of interest provides a measure of the degree of purity for the 

protein of interest. Typically, the amount of CHOP in a protein mixture is expressed in 

parts per million relative to the amount of the protein of interest in the mixture:. 

[001.051 	It is understood that where the host. cell is another mammalian cell 

type, an E. soli, a yeast cell, ao insect cell, or a plant cell, HCP refers to the proteins, 

other than target protein, found.in a lysate of the host cell. 

[00106 j 	The term. "cell culture additive," as used herein, ntferS to a molecule 

(e.g.., a rein-protein additive), which is added to a cell culture process in order to 

facilitae or improve the *cell culture or fermentation process.. In some embodiments 

according to the present invention, astimulus responsive polymer, as described herein, 

binds and precipitates one or more cell cilium additives.. :Exemplary cell cultum 

additives include anti-foam agents, antibiotics, dyes and nutrients, 
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described herein, may be part of an overall purification pr Bess l'esulting in a 

"homogeneous" or "pure-composition or sample, which term is used herein to refer-to 

a composition or sample conwrising less than 100 ppm EICI) in a composition 

comprising the protein of interest, alternatively less than Wpm, less than tf* ppm, less 

than 70 ppm, less than 60 ppm, lesS than 50 ppm, less than 4I0 pm, less than 30 ppm, 

less than 20 ppm, less than 10 ppm, less than 5 ppm, Or less than 3 ppm of WT. 

[001 l .11 	The tern) "clarification step," as used herein, generally rekrs to one or 

more initial steps in the purification of biomolecules, The clarification step generally 

comprises removal of cells .cantor cellular del.ni using one ix more steps including any 

of the following alone or various combinations thereof, e.g,, eentrilligadon and depth 

filtration, precipitation, :flocculation and settling. Clarification step generally involves 

the removal of one or more andesimble entities and is typically performed prior to a 

step involving capture of the desired target molecule. Another key aspect of 

clarification is the removal of soluble and insoluble components in a sample which may 

later on result in the fouling of a sterile filter in a. purification prices, thereby making 

the overall purification process mom economical:  In some embodiments, the present 

:invention provides an imprOVement over the conventional clarification steps commonly 

used in various purification schemes, as demonstrated by rediami torbiditylimpurities 

and higher throughput of downstream filters, described in the Examples herein, 

"chromatoeraphy," [001121 	The term 	 as used herein, refers to any kind of 

technique which separates an analyte of 'laciest (e.g., a target moleCule) from other 

molecules present in a mixture. Usually; the analyte of interest is separated from other 

molecules as a result of differences in rates at which the individual molecules of the 

mixture migrate through a stationary medium under the influence of a moving phase, or 

in bind and elute processes. 
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graphy 	edia" .are O W [001131 	The term "chromatography resin" or "chromato 	m 

interchangeably herein and. refer to any .kind of 'Outset .g.„ a solid. phase) which 

'separates an analyte of interest (e.g., a. target molecule') from. other molecules present in 

a mixture, Usually, the, analyte of interest is separated from other molecules as a result 

of ditTh. rericeS in rates at which the individual molecules of the mixture miarate through 

a stationary solid phase under the influence of a movingphase, or in bind and elute 

processes. Examples of various types of chromatography media include, for example, 

cation exchange resins, affinity resins: anion exchange resins, anion exchange 

membranes, hydrophobic interaction resins and ion exchange nioneliths. 

[001,141 	The term "capture step" as used herein, genendly refers to a method 

used for binding a target molecule with a stimulus responsive pritmer or a 

chromatography resin, Which results. ins :solid phase containing a precipitateof the 

• target molecule and. 	the polymer or resin. 	1.) .),,';ably, the target molecule is 

subsequently mei-Awed using an elution step, which removes thetarget it 	from 

the .solid phase,. thereby ITSUlting in the separation of •the' target molecule from one or 

more intorritics, in various embodiments, the captine step cart be conducted using a 

einotnatography media,. such as a resin, membrane or monolith, orapolymer„ Such as a 

stimulus responsive polymer, polyelectolyte or polymer which binds the target 

molecule. 

tp0I.151 	The tene'salt," as used herein, refers to .a .compound formed by the 

interaction °f an acid and a bast. Various salts which may be used in..various buffas 

employed in the methods described herein inclutie but are not limited to, acetate (e:g. 

sodium acetate), citrate (e.g.,. sodium citrate), chloride (e.g„ sod um chloride), sulphate 

(e.g.,.sedium Sulphate), or a ix:.4*-isium salt. 
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[OW 161 	The terin "Multivalent salt' Or"multivalent ion," as used 

interchangeably herein, refers tea compound which 4;.otitains MAIM than one charge or a 

charge containing group. In some embodiments, a multivalent salt is used as a stimulus 

which results in changing the sokibility of a polymer responsive to the salt stimulus, 

usually resulting in precipitating the polymer out of solution„ 'Exemplary multivalent 

salts which may be .used include, - for example, Phosphate -andsulfatc. Also 

encompassed by the present invention are counter ions ‘4'l:tielt may be used such as., ibr 

example, citrate. A multivalent salt, when used a stimulus as &sc.-lilted herein, may be  

added as a stand alone reagent to a .samtAc comaining a. biotuolecule of interest along 

with a stimulus responsive polymer. Altematively, the gait may be attached to a 

substrate, e.g., a membrane. In a particular. embodiment, a membrane is .mudified with 

polyvinylphosphate, which is a multivalent 	cents iningpolymer coating, A 

multivalent ion used as a stimulus, as described herein, is cottsidered less doliimmtal to 

protein structure and :stability, relative' to other stimuli such as temperature and pH,. 

[901171 	In So/110. embodiments., multivalent salts are capable of interacting with 

one or more entities, thereby to forth an associated alit.!cies or complex, Accordingly, 

suCh salts may also be referred to M "aoTripies. forming salts," Non4imiting examples 

of complex forming salts.and their resultant complexes are multivalent cations such as. 

Cul'' and Ca2' and their complexes with the caibc.)xylic acid groups found in 

etbyleiiediambletetreacetate;inaltivalent anions such 	phosphate (P0.2) and Citrate 

and their complexes. with primary amines found in polyallylamine; and ion-associating 

salts such as perch orate, dodecyl sulfate. and dodecyl benzene sulfonateand their 

complexes with primary amines found in polyallylamine, 

1:Q41181 	An "ion-associating saris a univalent (cation or anion), bulky and 

charge-disperSed Salt. InSoineembodiinents, an ion-associating salt is Used as a 
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sfimulus which results in chin ,Ting the sOlubility of a polymer responsive 'kit* salt 

stimulus, thereby resulting in precipitating the polymer out of solution. Exemplary kin,-

associatine salts which may be used include, for example, mehlorate, dodecyi sulfate, 

dodecyl benzene sullonate, tetraphenyl borate and hexanitrodiphenol amine. 

001191 	The term "solvent," as used herein, generally ceem to a liquid 

substance capable of dissolving or dispersing one or more other substances to 'provide a 

solution. Solvents inchide aqueous and organic solvents, where useful organic selverits 

include a note-polar solvent, ethanol,: methanol, isopropanol, acetonitrile., bexylene 

glycol, plepylene glycol, and 2,2-thiodig1ycol. 

100120) 	The term "pr or "isoelectric point" of a potypeptide, as used 

interchangeably herein, refers to the pH at which the polypeptide's positive charge 

balances its negative charge. pi can be calculated from the net charge of the amino acid 

residues or shilic acid residues of attached carbohydrates of the polypeptide or can be 

determined by isoelectric focusing. 

(00121] 	This invention is further illustrated by the following examples which 

should not be construed as limiting. The contents ofall references, patents and 

published patent applications cited fluoughout this application, as well as the. Fignms, 

are incorporated herein by reference. 

Examples 

Example I: 	Preparation of auelarified Non-expressim Cell Culture Mild (CC.' '  

100122] 	In a representative experiment, cells derived from a non-expessing 

chim.solizonster thta;ry (ai0) cell line were grown in a 1.01, bioreac'tor New • 

Brunswick Scientific) to a density of 10x106  cellstmL and hamsted it 64% viability: 

IgCi was spiked to a concentration Of 13 g'1., The level of host cell proteins WO was 
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timid to be 8300 ng/m.1.. using an ELBA (Cygnus it CM015). The pH of the 

unelaritied eel!. culture was pH 7.2. 

Ex:Ample 2 	Synthesis of a stimulus responsive polymer comprisintt a 
psgvelectrolyte backbone modified with a hydrophobic gzot_12 

[00123] 	in a representative experiment, a stimulus mpousive polymer 

comprising a polyallylarnine (fitiVPAA) backbone modified with a hydrophobic group 

was synthesized. A polymer comprising a cationic polyelmrolyte backbone modified 

with a hyd.rophobie group was synthesized using a mixture. of 10.3 g of 40% wt linear 

polyallyiamine (NITT0130, ISO kl)), 2 g of lithium hydroxide and 20 mi.: of 50% 

water/methanol, Which was stirred until well nixed 	A solution of 2,1 mi., of beuzyl 

chloride in 15 n31,, of methanol was added to the polymer solution. The resulting 

mixture was heated at 60 ()C for 14 hours. The limy] modified polyallylamine was 

precipitated a the end of the reaction period as a result of thermodynamic 

incompatibility with the solvent. The precipitate was washed with 30mI, of acetone and 

redissolved in 400mt of 1M acetic acid. The polymer was further purified by 

precipitation using 501uM sodium phosphate at pH 7. 'Figure I depicts a schernatic of 

the reaction of the polyallylantinepolyelectrolye polymer with a hydrophobic group, 

i,e,, berizylehloride. 

Example 3: 	Preparation of a solution of bertzyl modified polvalkamine 
(BzMPAA),  

[00124] 	A10% solution of BiMPAA was prepared by dissolving lOg of the 

polymer from Example 2 in 90g of IM acetic acid with continuous agitation at. room 

temperature tsar 16 hours. The resulting y4scOas solution was slightly hazy. 

Example 4: 	Use of different concentrations of ben2r;v1 modified poll ailvamine 
RimpAA in efarineaooL_...L , a_._._.ton-ex. - 	131,ros 	ea culture fluid 

IsccF1 
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[00125] 	Ili,MPA.A from Example 3 was added in mounts of 0,2g, 0:3g, 0.4g 

and 0.5g to. a .runt sample of the =clarified cell culture thud (CCF) front Example 1. 

The samples were mixed at room ternperaturefor 2 minutes. Sincelx.ilyiner addition 

reduced the pH to a range of pH 4.5 to 5.5, the pH of the mixtures were adjusted usin4 

2M iris base to a pli of 7. To the resulting ..;olotion, 0M43g.  of potassium phosphate 

dibasic was added in order to precipitate the polymer-target molecule, cell and cell 

debris complex. The precipitate, in the form of a diverted solid suspension was mixed 

continuously for five mimites. The precipitate was then collected via Centrifirgation 

(4000 ipm for i tilitinte). Thostmernatant from each sample was then filtered through a 

0.2um Duraporee filter, The resulting purification is detailed in Table. I below, 

Example li: 	Use of different pti values in the clarification of nowexpressimiSCF 
vitklizMPAA, 

[001261 	liz.MPAA from Example 3 was added to four samples (0,4g each) 

containing 5rui.. of the uuciarified cell culture fluid from Example I, The samples were 

mixed at room temperature for 2 minutes. Since polymer addition reduced the pH to a 

tinge of pH 41,5 to 5.5, the pH of the mixtures were adjusted using 2M Tris base to pHs 

of 5,5, 6.5 7.5 and 8,5., respectively, To the resulting solution, 0,043g cif potassium 

phosphate dibasic was added in order to precipitate the polymer-target moleCule, cell 

and cell debris complex. The precipitate, which 	in the fonn of a dispersed solid 

suspension, was mixed continuously for five minutes. The precipitate was then 

collected via centrifugation (4000 rpm for 1 minute), The sujxnuatant from midi 

Sample was then filtered through a 0,2urn •Duraporelt) filter. The resulting purification 

is detailed in 'Table I below, which describes-BzMPAA purification of spiked non'  

expressing MO Ca'. 

Table 1. 
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Example 6: 	&mit eatiuktpillifileALStiLitkarlr 	On thell.U.1„Of /UAW AA in  
the cl a riffeatioutiAT 

[001271 	Sample..: from Example 4 and Example S were assayed Ibr Igo 

reecivcry using, an affinity Protein A analytical IIPLC assay, lite .10,0 of I.Ki in 

solution was alternatively measured rialak,•<:  an analytical Protein A oakum, Sprxifically, 

a Poros A/20 1'1\1min A colurrin (Applied Blosystems) was eqpilibrated with PRS, 

alined with 0,1M lysine (pH 2) and cleaned with 6M guanidine HO. .An ig(i standard 

norve was ereated using a series of varying injection volumes of polyclonal 4,,,‘G 

(Seim:care). Samples were injected and lg.; coticentrations determined from theatnridard 

mot: 

[0 128) 	Samples from Example 4 and Example 5 were assayed 8<n• host cell 

proteins (.HCl) usinga commercial enzyme-linked immunosintent assay (MASA) kit 

(Cygnus 'Technologies inc., Stinthport, N<C., Cygnus # CM015). Samples fit= 

Example 4 and ExaMp1e5 were alsO:assayed il,ir DNA aging a standard' pico green 

assay,  and Herring sperm DNA as a standard. 

Example. 7: 	Preparation of att,elaritiedCell Culture Fluid t.ccn 

[00 1291 	Celh,' derived from an expressing Chinese flarnm. Ovary (CHO 

DG44) cell line were -grown in a 101.. bioreactor (New Brunxivick Scientific) to a 
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density of 1 Ox106  celIslinL and harvested at 30% viability. Monkx.lonal antibody 

(MAb) titer was determined to be 0.8 pt. The level of host cull prokiim(NCP) was 

found to he 200,000 tiglinL using an ELISA assay (Cygnus # 30 ELISA), The pH of 

the unclarified cell .culture was pH 6,9. 

Example 8: 	Synthe* of 0yaosttheollitistathatb±4ALLjv te nitMPAA 

[001.30) 	10g of pOlyallyltunine (MA) (Nittcibo 1.50 kl.); 40% wt„hvt,) was 

placed in a 100 ml.. round bottom flask and a solution.of 3,34g; of sodium hydroxide. 

(11 Eq. per it 	in 25m1, ITA) was added .iii small amounts at room tenmetature 

under magnetic stirring. The benzyl chloride (1,38g, 1.25mL) was then added at once, 

stirred for few minutes at room temperature then heated to (i0T overnight for 17 hours. 

The reaction was cooled to room temperatUre and solvent was removed resulting in 

polymer precipitation. The precipitated polymer was washed with water and 

subsequently stirred in 1M Niles:ills &OH solution (40m1.) until complete 

solubili-ration is achieved, The. solution was then diluted with HA..) to a final volume of 

400mL (1% polymer solution), potassium dibasic phosphate (Kili.PO4) (3,480 was 

added under stirring and. pH at 	solution was adjusted to about 6.8 to precipitate the 

modified polymer. The polymer was collected by filtration over a flitted funnel and 

finally dried overnight in a vacuum oven overnight at 50-60T, 

Example 9 	.,1:3vjribesis of 40% henni modified olvAlhiamine Jitz.M.PAM 

[WWI .1 	10a-:  of polyallylamitte. (MA) (Nittobr.$, 150 kf); 40%. wtiwt-1. wAs. 

placed in a .100 mt....round bottom flask and a solution of 3.34g of sodium hydroxide 

(.1.2 Eq. per monomer) in 25r/11,1120 Was added at room temperature under magnetic 

Stirring and in small amounts. Benzyl chltnide (2.30g, 2.09mL) was then added, stirred 

for few minutes, at. room tempeniture and then heated to 60%., overnight for 17 hours. 
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The reaction was then coded to room temperatutt and solvent is renuty,-:.xl -resulting in 

polymer precipitation. The pmeipitated polymer was washed with water and stimd in 

1.M aqueous AcOH solution (40m1..) until complete solubilization is achieved. The 

solution was then diluted with H2O to a final volume of 400m .l.. (1% polymer solution), 

potassium dibasic phosphate (K2}{PO4) ($.48g) is added under gifting and pH of the 

solution was adjusted to pH 6;8 to precipitate the modified polymer. The polymer was 

collected by filnution over a frilled humid and finally dried overnight-  in a vacuum oven 

(wernight at 50-4i0T, 

Er a mole Its: Slattatt IIAQN1m2AmitilLtbalmaylogosRIPA.kfl 

[001321 	10g of polyallylamine (PAA) (Nr1"10130, 1.50 kl); 40% wt../wt.) 	eat.'i 

placed in a 100 nil, round bottom flask and a solution of 3.34g of sodium hydroxide 

(1.2 Eq, per monomer/ in 25ML, H20 was added at room temperature under magnetic 

stirring and in. stnall amounts. l3enzyl chloride (3.23g5  2.94mt.) was then added awl 

stirred for few minutes at room temperature and subsequently l)caW to 60th  . overnight 

for 17 hours: The reaction was then cooled to room temperature and SaihnIt was 

removed, The precipitated polymer was 'k ,-4,1.sbe.d with water then stirred in IM aqueous. 

;c01-1 solution (40m1„) until complete soluhilization is 	The solution was 

then diluted withq2.0 to a firial volume of 400int, (.1&.!..,  polymer solution), potassium 

dibasic phosphate (K21:1IV4) (348)  is added .under stilling and pH of the Solution was 

adjusted to pH 6.8 to precipitate the modified polymer; The polymer was collected by. 

filtration over a fitted funnel and finally dried overnight-in a vacuum twen overnight at 

50-60T, 

Example 1.1..: Svnthesig of diphenvl Modified nollvallsilataine (DPh.MPAA) 
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[00133] 	In an exemplary experiment a polyelectroiyie polymer backbone„ 

poly allylamine, wastnodified with a diphenyl group, Briefly,. lOg of polyalVlamine 

(P A) (Nittobo, 1.5.0.14); 40% wtiwt.) was placed in a 100 MI, round bottom flask and 

a solution of 3,34g of sodium hydroxide (1,2 El, per monerner) 'in 2.SmL H20 is.added 

at room temperature under magnetic stirring in small amounts. The chIoro-dipheriyi 

methane (3.68g, 3.23mL) was subsequently added, stirred for few minutes at room 

temperature then heated to 60T. overnight for 17 hours. The reaction was subsequently 

allowed to cool to room temperature and the solvent was removed. The piwipitated 

polymer was washed with water and stirred in I M aqueous AcOH solution (401n1.). 

The remaining white solid, generated by hydrolysis of the diphenyl chlommetharie, was 

filtered out The solution was subsequently diluted with 1420 to a final volume of 

400mL. (1% poiymer solution), potassium dibasic phosphate (1412111)04) (3.4) was: 

added under stirring and pH of the solution is adjusted to 01 6.8 to pteeipitate the 

modified polymer, The polymer was collected by .211ln:trim over a prided funnel and 

finally dried overnight in a vacuum oven overnight at 50..60T. 

Example 12: 	Synthesis of 6% dichlwrobenzvl 	pf.liftetephabitolol/ 	DelBtMPAA.1 

[00134] 	In another experiment, 10g of polyallylaMine (P A) (NITTOBO, 150 

kf.); 40% wtiwt.), was placed in a 100mi.. round bottom flask and a Solution of 3.34g: of 

sodium hydroxide (12 Eq. per monomer) in. 25ml, of 1120 is added at worn temperature 

under magnetic stirring and in small amounts, 3,4DichlorohenzyI chloride t1 .74, 

1,21mL) was subsequently added and the mixture stirred at room temperature overnight 

for 17 hours, The reaction mixture Was subsequently diluted with 100.m1 of H20, after 

which pH is adjUsted to neutral (OH 7,0) with phosphoric acid. The precipitated 

polymer was filteredout, washed with .1120 and dried in a vacuum oven overnight at 
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WC, The polymer wag collected by filtration ove:r a frit:tat funnel and finally dried 

OS'anig-ht in a vacuum oven overnight at 50-60T, 

'Example 13: 	Synthesis of .10% diehloroheaml modified polvalfylandne f.IX.:111z.V.PAA.1 

PI 35] 	In another representative experiment, 10% diehlorobenzyl modified 

polyailyiamine was synthesized as follows, ',3g pelyallylamine (MA) (NITT080, 150 

W,D; 40% wt./ t,.1 was pined in a 100 ml, round bottom flask and a solution of Log of 

Rxiitml hydroxide cl 1 Eq. per monomer) in 401inl, 50/50 H1011,2 ditnethoxyethanc. 

(DM  E) was added at room tempera,ture under magnetic stirring and M small amounts. 

`A-dictitorobenzyl ehbride (0,57g, 0.40m1.,) was subseqtlently added, stirred for few 

minutes at room temperature and then heated tO 6ifC overnight for 21 hours,: The. 

motion was subsequently allowed to cool to room temperatore5  MAE; was tvrteami 

under vacuum at 60-70T and then the remaining. solvent is removed. The precipitated 

polymer was wasti 	with water and .then stirred in 1M aquesnts Ac(Al solution (Ma) 

until complete solabiliza lion i8 achieved. The solution was theu dilated with 11::.4) to a 

final volume of 200m1., (1% polymer solution), potassium ditv.iiic phosphate (KJ1PO4) 

(1.74g) was added under stirring and pl'l of the solution was adjusted to pH (i,l'i to 

pmcipitate the modified polymer, The polymer was collected by filtration over a frilled 

funnel and finally dried overnight in a vacuum overint 50-60°C. 

Example 14 	livntliesitel grit 3 11. 	 di 	j 	Jr 	 fied oh•allviatrine TlfalizAPAA.. 

[00136] 	In another representative experiment, a 33% chlorobenzyi modified 

polyallylamine.was synthesized as:follows, .5g polya144amine (M A) (N1110.130,1$0 

k.13; 40% wt.lwt,) wars placed in a 106 mi, rotindhottom flask and a solution of 3.34g of 

sodium hydroxide (1.2 Eq. per monomer) in 40mi, 50150 112011,2 dimethoxyethane 

(IMP was added at tooth tempeanture wider magnetic stirring and in small amounts. 
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4-chlorobenzyl chbride (1.48g) was subsequently added, stirred for few minutes at 

mom temperature and then heated to 60T overnight for 21 hours.  The next "d;: 	DME 

was evaporated under vacuum at 60-70T and the remaining solvent was separated from 

the precipitated polymer, This latter was washed with water then stirred in 1M aqueous 

AcOlf solution (20m1.,) until complete solubilization is achieved< 'The solution was 

subsequently diluted with 1120 to a final volume, of 200 ML (1% polymer solution), 

potassium dibasic phosphate (K2HPO4) (1,74g) was added tinder stirring and pH of the 

solution is adjusted to pH 7 to precipitate the purified polymer. The polymer was 

collected by filtration over a fitted funnel and finally dried overnight in a vacuum at 

50-60T. 

Example 1 	Svothesla of 13% phenykkispl midi ed Alvallvht 	jji___(tite Mil 	 IfliMPAA 

100137j 	ht another experiment .13'.'4i phenyl-benzyl modified polyallyltimine 

was synthesized as follows. 4.7g of polyallylamine (PAA) (Nittoho, 1501A 40% 

wt./wts) was placed in a 100 mi., round bottom flask and a solution of 3.34g of sodium 

hydroxide (1.2 Eq, per monomer)# in 40m1.. 50/50 :1120/1,2 dimetboxyethane (DMO 

was added at room temperature under magnetic. stirring and in small Mounts, 4 

phenythenzytehlorlile (I 	WaS thEM added and the Mixture heated overnight at 55'e 

for 20 hours. The reaction was subsequently' allowed to Cool to room temperature, 

DME was rernovedurider vace atrial 60-70T and the remaining solvent was removed 

from the precipitated polymer. This latter was washed with water then stirredin 1M 

aqueous Ac014 solution (40m1.,) overnight to complete the soltbilization. The solution 

was subsequently diluted with 1120 to a final volume of 200mI, (1% pAymer solution), 

potassium dibasic phosphate iKrHPO4) (1.74g) was added under stirring and pH of the 

solution. was adjusted to pH 7.0 in order to precipitate the purified polymer. The 
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.polymer was collected by filtration over a flitted funnel and fir /1y dried overnight in a 

vacuum at 50-60T, 

Exa tlik pie 16: 	Synthesis of 276Anyerrq-benzvl modified 

PtItiNaltylamine (DCHUMPAA) 

[001381 	in another experiment, 27% phenyl-benzyl modified polyallyiamine 

was synthesized as follows. 2.S 	poly allylartine (PA A.) (Nittobo, ISO kD; 40% wt,Iwt.) 

was placed in a 100 %a round bottom flask and a tx3lution of 3.34g of ,,odium 

hydroxide (1,2 Eq. per monomer) in 24mI., 50/50 11201.1,;), dimethoxyethane (rxmo 

was added at room temperature under magnetic stirring and in small anlinint.S. 4-

phehylbetrzyl chloride (ig) was subsequently added and the mixture was heated at 55T 

overnight for 20 boom The reaction was subsequently allowed to cool to room 

temperature, DME was .txtmoved under MIAMI at 60-70T and the rernainirt ?, solvent 

was removed from the precipitated polymer. This latter was washed with water then 

stirred in IM aqueonaAg.:OH solution (3.2.mli-) and stirred overni,ght to complete the 

Mobilization. The -solution was subsequently diluted with IV) to a final volume of 

200mt, (1% polymer solution), potassium dibasic phosphate (K21IP04) (1.74g) was 

added under stirring and pH of the solution was adjusted to pH 70  to precipitate the 

.purified polyiner: The polymer was collected by filtration over a frilled funnel and 

fimilly dried overnight in a vacuum at 504.50 C.. 

Example Pt 	Clarification of Ca,' with different polymer concentrations 

[001.39] 	hi can. exemplaiy experiment, stimulus rec5ponsive pOlyiners; clescrihr„sd 

above in Examples 8-16, were evaluated -for clarification of CCP., preparation of which 

is described above in Example 7. A polymer solution from Examples 8-16 was added 

in amounts of 0.2g,.0.3g, 0Ag and 0.5g to a 5ra:is. sample of the owlarified cell et:ilium 

fluid, The samples were mixed at room temperature fbr 2 minutes, Since polymer 



addition reduced the pH to a range of pH 4.5 to 5.5, the. pH of the mixtures were 

adjusted using2M Tris base to a pH of 7, to the resulting solution, 0.043g of 

potassium phosphate dibasic was added it order to prc cipitate. the polymer-target 

molecule, cell and cell debris complex.. The precipitate, in the form. of a dispersed solid 

a.ispen,sion, was mixed continuously for five minutes. The precipitate Was then 

collected via centrifugation (4000 rpm for 1 minute). The supernatant rim each 

sample was subsequently filtered through a 0.214m Diiraporet filter. The resulting 

purification is detailed in Table 2. 

Exam* 18: 	ClarifisideuLajUjih101LynefisD.AuLlis 

[00 I 40) 	In another experiment, a 'polymer solutionfatm Examples 8-14 was 

added to four samples (0Ag each) containing 5m1.. of the unclarified cell CtfitUre finid, 

as described in Example' s, The samples were mixed at town temperature for2 

minutes. Since polymer addition reduced the pH to a range of pH 4,5 to 5.5, the pH of 

the mixtures were adjusted using 2M Tris base to pHs of 5.5, 6.".3 73 and 8,5, 

respectively, To the resulting solution, 0.0$3g of potassium phosphate dibasic was 

added in order in precipitate die polymer-target molecule, cell and cell debris complex. 

The ptecipitate. in the form of a dispersed solid sttspenSion was mixed continuously fir. 

live minuWs. The precipitate was. then Collected via centrifugation (4000 :ipm for 1 

'ruirtate). The supernatant from each.sumple was subsequently filtered through a 02pm 

Duraporet filter. The resulting purification is described in Table 2. 

Example 19: 	Clarification of CCF using polymers responsive to different levels of 
multivalent ion stiond. s 

[001411 	In another experiment, polymers described in Examples S-15 were 

evaluated for the clarification of CCF, using different an 	of multivalent ion 
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stimulus. Specificall .4 polymers from Examples 8-15 were added to (Our samples (0.4g 

eac) containing 5m1, of the unelarified cell culture fluid, described in Example 7, The 

samples were mixed at room ternperatum for 2. minutes. Since polymer addition 

reduced the pH to a range of pH 4.5 to 5.5, the pH of the mixtures were adjusted using 

2M Tris base to pHs of 5.5, 6.5 7,5 and 8.5, respectively, To the resulting solution, a 

lane from 0.031 to 0,043g (50 to 70 rriM thud phosphate concentration) of potassium 

phosphate dibasic was added in order to precipitate the pelynter4arget :molecule, cell 

and cell debris complexes. The precipitate, in the fonn of a dispersed solid suspension, 

was mixed continuously for five. minutes. The precipitate was subsequently collected 

via centrifugation (4000 tpm for 1 minute), The supernatant from each sample was 

then filtered through a 0.2am DuraporelD filter. The resulting purification is described 

in Table 2. 

Example 20: 	Clarification of CC? using a commonly used flocculant 

[00142] 	In another experiment, a commonly used flocculant, chitosui, Was used 

(r the clarification of CCP, in an attempt to generate comparative data, A. polymer 

solution (2 wt%) was made acer,srding to the procedure describe in Riske, P, etul,; 

Jourind of Biotechnology, 128 (2007) 813-,S23, The polymer solution was added to 

celz :from Example 7 in varying amounts and .at varying pH conditions. No stimulus  

was used with this polymer. The resulting purification is described in Table 2. 

Example 21: F,valmition of purity levels following precipitation of CCF asini. 
stimulus responsive polymers 

[001431 	In a representative experiment, polymers described in Examples 8-16 

were assayed for IgG recovery using an affinity Protein A analytical .HPLC assay. The 

level of IgfiE in solution was alternatively measured using an analytical. Protein A 

column. A Poros A120 Protein A column (Applied BiasYstems) waseqUittbrated with 
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PBS, elated with 0.1M lysine. (pH 2) and cleaned with .6M guanidine Ha An. lgQ 

standard curve was created using a series of varying injection voloines of polyclonal 

IcalCi (Seracare).. Samples were injeettd and IgG concentration determined from the 

standard curve. Samples from. Examples 8-16 were assayed host cell proteins (HCP) 

using a commercial enzyme-linked immunosorbont assay (ELISM kit (Cygnus 

Technologies Inc., Southport, N.C.,. Cygnus 4 30), Samples from Examples 8-16 were 

assayed for DNA using a standard Pico green assay and Herring Vain DNA as a 

standerd4 To assess the reduction (7)f cells andcell debris, the turbidity was measured 

after centrifugation for 1 minute. at 4000 rpm. 

Table 1 Chameterizalion Data for Exaniples 8-16 and 20. 
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EXainPle 22: Synthesis of howl modified imivethylimeimine (13z.MPEil 

1001441 in another exNTiment, if beuzyl modified polyethyleueimine zlitinitits 

responsive polymer was synthesized as follows, 10g PEI (Aldrich, 750 id); 50% 

wt wt.) is placed in a 100 mt. round lx-Morn flask and. a Solution of - 3.34g of sodium 

11)Aroxide (1.2 Eq. per monomer) in 2.5inL RIO is added at nom tetrimatum under 
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magnetic stirring and in small amotmts. Benzyl chloride (2.30g. 2,09nal.„) is then added, 

stirred for few minutes at room temperature and then heated overnight i.1t tiOtt for 17 

hours. The reaction is then allowed to cool to morn temperature and the solvent is 

removed. The precipitated polymer is washed with water dug stirred in. I M Num% 

Acall solution (40mL) until complete solubilization is achieved. The solution is 

subsequently diluted with 1.420 to a final volume of 400m1... il l% polymer solution), 

potassium dibasic phosphate (K2HPO4) (3,48g) itt added under stirring and pH of the 

solution is adjusted to pH 0,8 to precipitate the modified polymer, The polymer is 

collected by filtration over a flitted :tunnel and finally dried overnight in a vacuum oven 

at 50-60C. 

xample. 23: 	Synthesis of benzvl modified polvvinviamine (RznPVA) 

.00145:1 	In a representative example, a benzyl modified milyvinylamine wa.s 

synthesized air follows, 32g of Poly(vinylamine) (11)VA) hydrochloride (MW 	,:500, 

Mr Prod acts and Chemicals Inc.) was weighed into a glass container. Add 200n 1, RS) 

and add 26g 5W.., NaOH and stir until well mixed, Add 23.5g Intiz3'1 chloride and Mix 

at WC for I Ohts. A solid White mass separates from supernatant as the reaction 

progresses, Allow solid to settle and discard supernatant by de.conting, Di eerie solid 

in 350mL of 3% Acetic Acid overnight, Add 360mL of I120 and mix for Ifihrs until 

solution is homogenous, Dilute up to a 1% w/'v solution by brinaing the- total volume 

up to 3..2L With deio:nized (Di) H2(). Add sodium phosphate to a concentratiOn of 

50mM in order to initiate precipitation of the polymer, Add I.M NaOH to mach a pH of 

6,8, providing additional polymer precipitation. Filter to dry cake. and discard 

supernatant, Dry solid overnight at. 702. Dissolve in 3% acetic acid mil a 

homogenous solution is generated in order to make a 5% w/v solution. 

111sample 2.4 	ComparlsOn of modified and unmodified olymer in ehtn'ficatkm  
in presence of stimulus  



[001461 	Polyallyinnine (P A.. Nttohn, 1301D; 40%vt,/wt..) and the polymer 

from EXantple 10 (.13z-MPAA) Were added to an aqueous solution to create a. final 

polymer ooneentration of 0.2%wt and 0.4%. respectively. Potassium bythogen 

phosphate WaS ilSed ;IS 	sfironins and was added tothe poiymer solutions of PAA and 

'Example 10 in varying amounts and the turbidity.  and natitre of the aggregates fomed 

was reCorded: The results arc shown in Table :3 below. 

Table 3. 

Polymer' 
StimuluN 

(roM Potas=jum HydrogeA 
Plmsphatt) 

Turbidity 
(NTU) 

Nature of 
Aggregate 

PAA !  4  2.1 (lear (Na Ako 

PAA  9,35 

..:- 

`: 7.9 CUar .(No A4)  
PAA  18,7  41..1  Ta:I.:id 
''AA 37.5  '152 .rurbid 

P.A.A.  „ 75 764 mitkv i ONI,,m,  • x  
PA A  150 760 	Milky'  01.,wlie  

1:::.>z 
1

ampic 10 
(.1-.'MPAAsi 2A I Ckitr (No ^3.g.,;) 

Ex,ample 10 
ffies4PAA) 

.7 Clear (Ns... Ag.40 

Exam* 10 
(Pthl.PAA)  9:35 

. 	 
...., elf,:ar (NO An) 

Example. co 	 18.7 
(137.MPAA)  

9 Clear (No Ago 

Exatriple 10 
(W.:N1PAA)  

i 
	 ..„ 

'28 
........ 

C  .iear (.No An ), 

Exam* W 
(132MPAA)  75 230 Laa-ge A.ggregatea 

Example 10 
(_13iMPAA.4 	 

>50 231 1...ii-IN AK.,ezT:gati:?„.. 

Example 25: 	Comnarissai Qf modified and ulikMdified polymer in clarification in 
presence of a stimulus 

[00141 	Unmodified polymers polyallyamine. (PA.A.;Nittobo, 1.50 kl.% 40% 

wt.A.vt.),polyefkrAmeimine (PEI, Akitich, 750 Id); 50% wtiwt.)§. 	1P/M.Y1 Whine 

(Polyevinylamine) (PV.A) hydrochletide, MW S3,500, AitProillic4s and ClUmnicals lite.) 
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and the modified polymers from Examples 10 (Bz-M.PAA.), aample 22 (Bz.M.PET) and 

Example 23 (BzMPVA) were added to an aqueous solution to °Math a final polymor 

concentration of 0.2% and 0.4% by weight,..respeetively, 'Potassium hydrogen 

phosphate (150mM). was used as a stimulus and was added to each of 0.4% IXA:§11.WT 

solutions and the tinbidity arid nature of the aggregate,:z formed was recorded. Tlie 

results are. showo iii Table 4. 

Table 4 

Stimulus Turbidity 	Turbidity Nature of Turbidity 

Potreo. 
(Potassium 
Hydrogen 

before 
Stimulus 

after 
Stimulus 

Agginate 
after 

after 
Centriiiii?,e 

Phosphate) (N111) (INTU) Schntato pan 
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14S 	i I $0 ral 
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L 	s 	P,. 	' 

1 	
V A 
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1 ... 	m ,s 1 :›o.• 	,: 
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> 1009 Mi.14 ...> 	,  4). 
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9,6 
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Milky with , 
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&;ESZ"t"s  

i 

385 	i 

. 
3.2 Example W. 

ISO tart 
> 1080 1.Arg 12,7. 	i 

I 	@Mr:11>VA) 	 AglinLvq 	 a 

Example 26: 	Ittathealsof bexatiolcaold nod tart-butyl modified polyikliviaatips 
ttIC+13.01:PAAi 

[001481 	3,49 g of.‘.6--bromohotanoic acid z •as dissolved in a solution compiising 

ail oil of 40 wt% linear polymer poly(aliyianrinc)i:159 kda, NITTOW)) and Jo nil 

widium hydmxide OM), The mixture was maeted for 18 hrs Ott `1`= 50"r and the product 

was precipitated as a hydrated go. The precipitate Was dissolved in 100 inerni lithium 

hydroxide solution and mixed with 10 ml methanol containing. 2,5 tril of tartgratyi 

gksieidyl ether. The tnixtum was subsequently .macted for 1$ hrs. at T==--50"C, The 

polymer solution was purified by extensive dialysis (3 dayS) against deionizexl (DI) 

water using 3.5 'kda molecular weight cutoff dialysis :tubing. The final Concentration of 
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the polymer solution was 7.2 wt%, A scheniatie of the synthesis reaction is shown 

below. in Figure 2. 

Example 27: 	Effect of sodium chloride ons the multivalent: stimulus of 
hexanoic acid and tort-bntyl modified potvaliviarnine ttle-t- 
BaMPAA) when. ilislostted in Yris buffer  

[00149.1 	800 id of HC-t-I3uMP.AA from Example 26 was added to 10 ml of 25 

nuN4 Sodium phosphate containing 0, 0.15 or 0.5 M sodium chloride. Final pH of the 

solution was 11.6. The solution was titrattd with 3M acetic acid. and the turbidity of 

the solution was recorded alter each addition. As depicted in Fignit 3, by adding 

sodium. chloride in addition to sodium Phosphate, a change in pH responsiveness, at 

which the phasetransition occurs, was observed., 

Example 28: Clarification of„Cel? usine the polymer fiC-t-BoNIP:AA at different 
polymer concentrations  

f001501 	In a representative experiinetit, =clarified CCF was clarified using a 

polymer according to the present invention as follows, 178, 356, or 534 ul of 1./C-1-

filiMPAA from Example 26 was added to 5m1 of gin-elarifiml cell culture fluid from 

Example 1 containing 25 niM sodium phosphate and adjusted to pH 8.7 using 25 #1  of 

:Mace& acid. After the addition of the polymer, final plfof the solution was tinged 

to 7.2 using 3M acetic acid, thereby precipitating the polymer,cellacomplex, 

[001511 	The precipitate, in the form of a dispersed solid sus ension,was mixed 

continuously thr another 5 min: The precipitate was then colleeted by centrifugation 

(4080 :rpm. for I min) and the supernatant was filtered through a 0,:2pm Durapotee 

filter, Regardless of the concentration of the polymer used, the pre mss resulted in WO% 

Ma b recovety, 

Example 29: 	Synthesis Of oolvvi fl V la Mine (P A'} stimulus r coo nsi.w pohnier 
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from _monomer 

1.001521 	A stimulus responsive polymer comprised of repeat units containing 

primary amines was synthesized from a monomer as follows. 165 g of &ionized water 

and 22.5.g of 1\i-vinylfonnamide (WF) (SIGMA-ALDRICAL 98%) was placed in a 250 

nil, round bottom flask. The flask was equipped with a tna,gnetie stirrer and a N2  

dipstick. The solution was.stined and purged with N2 for 03 nom followed by heating 

to 45 'C over an additional 0.5 hours with continuous purging Initiator solution was 

prepared by adding 0:28gg qf 2;2' Azobis(2-tonidinomoriane.idihydroddoride (A.RAP) 

(Aldtich) to 10 ml.. of deionized water and dissolved. To the 250 MI, .round atom 

flask the initiator solutionwas added under N2 atmosphere< The solution was heated at 

55 "(' for I 'hour, followed by heating at 63 t'(.s. for 2 hours., further 11)11.owed by heating 

at. 75 t'C for I hour with vigorous stirring under nitrogen. 4 viscous, homogenous 

solution was obtained and allowed to cool to room temperature. The viscosity was 

determined by Brookfield Viscosity DV41-1- Pro Visocometer (setting, 100 RPM, 45% 

torques  spindle 034). The viscosity of the resulting solution was 278-350 centipoise 

( 1Y), The solution was transferred to.a 500 int, finsk and diluted with 130 ttit 	i470 

attd 40 g of 50% Na011 was added with stirring. 'The solution was heated at 85 T for 8 

hours. 

1,00153':• 	A small sample was tested forsensitivity to a phosphate stimulus by 

adding a drop of 2 molar sodium phosphate to the 1'1,1/dt-61yzed polymer and observing a 

white solid precipitate flora the solution upon addition of the phosphate ion. To the 

hydrolyzed polymer solution. 25% HO was added drop wise, until a pH of around 2 

	

as stirred vii 	oveight and 	homoenous yellow d, 	e solution w 	g 	rn 	a 	g was reache 	Th 

solution was obtained. To that solution, 100 mt.. of 4 molar NaOH was added with 

stirring along With 500 ad, isopropyl alcohol. The polymer was isolated by addition of 
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100 mi.... of 2 molar soditnn phosphate and the solid was vacuum filtered and washed 

with de-ionized water. The solid polymer was dried over night in a vacuum Men at 65 

T. The partially dry polymer was frozen with liquid .nitrogen and ground to a tine 

powder and further dried in a vacuum oven at 65 "C fOr 24 hours. finally, 403 g of a 

dry powder was recovered and dissolved in I molar acetic 4cid to a final concentration 

of 5% w/w. 

poi 54] 	An overview of the polyvinylamine synthesis process is depicted in 

Figure 4. 

ENample 30: Synthesis of a series of hydropttobicakgethfittiatqWayjallfitle 
(1/1/4) stimuli responsive polymers 

(00155] 	Using the .1.)VA synthesized from Example 29, three separate 

hydrophobically modified stimuli responsive polymers were produced as ibilows. /00 

ad, of the 5% PVA solution from Exam* 29 was placed in each of three. 500 ml.: glass 

jars and labeled jars 1, 2, and 3. To each of the three jars, 100 g of 4 molar Naafi was 

added with stirring. Next, 50 g of 1-propanol was added to each* as a co-solvent and 

the solutions were stirred, followed by the addition of 0,74 x.1.47 g, and 2.94 g of 

boozyl chloride tojars 1, 2, and 1, respectively. The three jars were heated at 60't for 

16 hours, The resulting polymers went each isolated from the individual reaction 

solutions
. 
 y bringing the volume of the reaction solution tO 500 nil, with &ionized 

water, adjusting thepfl to $ with 25% ]1(1„ and lidding 100 g of2 molar sodium 

phosphates Upon addition of the phosphate ion, a solid precipitate was Collected via 

vacuum filtration. The solid from each reaction was individually Washed with dekinized 

water and dissolved into 300 ml, of I molar acetic acid, The polymer was farther 

purified by adjusting the individual solutions to pH 7.4, precipitating the plymer with 

drop wise addition of 2 Junta sodium phosphate., filtering the resulting solids, washing 

63 



the solids with. wavr, followed isopropyl alcohol, and -drying in a vacuum Owen at 65 't 

for '2 days. Each sample of dried polymer was frozen with liquid nitrof.s,en and ground to 

a fine powder. The mass of dried polymer recoven..4 was.1 A4 2.12.,and 2A7 g fOr jars 

1, 2, and :3, respectively. The individual polymers-were each dissOlved to make a 2% 

solution in I molar acetic acid. 

Example 31: pgploteetion of amines via hydrolysis of a N'ery high molecular 
weig,ht 

listivinipaaatgajskusAgaili u it i3 'vinVb.  mid ttdain.ALAitu_ata 
responsive polymer 

(00156] 	In another exemplary experiment, a . very high molecular weight 

stimulus responsive polymer was prepared as follows. Very high Molecular weight 

polymer gemally refers to a polymer havi awe molecular weight equal or greater than 

1000KDa. 

1(01571 	A stimuli responsive polymer comptised of repeal units containing 

primary amines was prepared as. follows. Ina '2 liter glass jar 40.g of poly(N- 

vinYlacetamide),Iinear hornopolymer (POINSCIENCE 	INC.) with an average 

molecular weight of 4,060 kDa was dissolved into tV3 liter ofdeionized water by 

vigorous. atirringtbr 16 hours. To this solunon,140 g of conicenteated 1C1 was added 

with continuous sliming over 1 hour. The jar was lightly capped and tae solution was 

heated to 99 T for 5 days with intermittent rotation to mix the. solution. After 5 days of 

heating, the solution was allowed to cool to room temperature and the total volump was 

adjusted to 4 liters with deionized water. The solution was adjusW to pig 1 With 8 

molar NaOH with vigorous Stirring, The hydrolyzed product was precipitated with. 

drop wise addition of 2 molar sodium phosphate until no further precipitate -was 

observed. The white precipitate was washed with deionized water and pressed to 

terooveexcess water. The recovered polymer was dried in a vacuum oven at 65 `C ibr 

64 



2 days, The dried polymer was frozen withlignid nitrogen rand ground to a fine 

powder. The recovered dry mass was 42:5 g. A 2% sr itaiOD was made by dissolving the 

dried powder into 1 molar acetic acid and 0.08% IICI, The resulting solution was 

compared to a 2% .solution of starting material tpoly(N--vinybaectamidel-linear 

homoptAymer) tbr response to a phosphate or citrate stimuli. This was neribrtned by 

drop wise addition of 2 .mohlr sodium phosphate or 0.2 molar sodiont citrate to 50 ntl, 

samples of hotb the starting material and. the resulting hydrOlyzedpelymer. 

[0O1 S8. 	The resulting hydrolyzed polymer precipitated to a White -mass with the 

addition of phosphate or citrate ions while the solution of stetting material had no 

precipitate upon drop wise addition of phosphate or citrate ions, thereby indicating. that 

the starting material is not responsive to a stimulus (e.g., a multivalent anion such as 

phosphate or citrate), while the very high intilecular weight polymer synthesized, as 

described in this Example, is responsive toe stimulus (tt,g, a nutltivalent anion such as 

phosphate or citrate): 

[001591 	Figure 5 depicts a process for deproteetion of polyarnine polymer, 

thereby resulting in the formation of a stimulus responsive Polyvinylanrine (PVA), 

Example 32: Synthesis of a hydronliehicallun 'IL''l&ri 	 1 
stimuli responsive polymer based on a deprotected poWN- 
Vinylaceramidel 

[00160] 	Using the PVA obtained frOm depretected 4,060 We. poly(N-

virrylacetamide)-lineer hornopOlymer from Example 31 a very high molecular weight 

hydrophobically modified stimuli responsive polymer was prepared as follows. 

1001:61] 	.100 g Of a 2% solUtion of deprotected 4,060 kilt pOly(N-

vinylacetatnide) was placed in a glass jar. To the. glass jar, 100 g of 4 molar NaOH. was 

added.  to adjust to pH to approximately. 13. Next, 20 gof l-propanol. was added to the 

. jar as -4 co,,solvent. Finally, 0.58 g of benzyl chloride was added and the jar was capped. 
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The reaction was heated at 60T for 3 her with vigorous shaking. After 3 hours, the 

reaction mixture was cooled to 'room temperature and the product was precipitated with 

acetone and subsequently cc eeted. The resulting solids Wrre• washed With deioniked 

water, followed by isopropyl alcohol, and were dried in a vacuum oven at $5''C for 2 

days. The dry solids were ground to a line powder and the final dry mass ofIlolymet 

collected was 1,44 g. A 2%ss.3lution was made by dissolving the dried powder into 1. 

,molar acetic acid and 0,08% liCI, The restilting solution was tesmd for sensitivity to a 

nuiltivaient ion stimulus by drop wise addition of 2 molar sodium phosphate or 0.2 

molar sodium citrate to Sint, samples of 0.5% polymer solations. Upon addition of the 

phosphate or citrate ions a white precipitate is observed, thereby indicating that the 

polymer was responsive to a multivalent: anion stimulus. 

[001621 	Figure. 6 provides a schematic of The synthesis process &scribal in this 

:Exampie. 

Example 33.: Synthesis of a stimulaugumgve vinvlandne I vixtvlbutvlether 
popRIvtrier CVA-co-VBE) 

[00163] 	In another experiment,. a stimulus responsive copolymer was prep:RA 

which had one of the Monomeric units included a hydrophobic group, 

[001641 	A stimulus responsive polymer comprised 	repeat units containikw 

primary amines and butylether waS synthesized from monomer S as follows. 90 g of 

octane, 2,5 g of Span-85 (SIGMA), 16 g of N-vinyltbrmarnide (NVF,)(ALDRICH, 

98%), 5 g of N-butylvinylether (SIGMA), and :10 g of deionized water was placed in a 

250 mi., round bottom flask. The flask was equipped with a magnetic stirrer and a N2 

dipstick, The solution was stirred and purged with N2lbr 1 hour as -the temperature was 

increased to 55T: 
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(00165] 	Initiator solution was prepared by adding 0..i 0 g of 2;2' kebbis(2-

artildinopropanOdihydrochloride 013AF) (ALDRICH) to 10 nil. of titiOnized .writer 

and dissolved; The 'initiator solution was charged to the 250 mt. round bottom flask 

containing the reaction solution under -nitrogen purged atmosphere. Ibe so:.` ti 	was 

heated at 5.f.Vr for I hour,. 'followed  by heating at 60°C for I hour, further ft-Mowed by 

beating at 70°C for 1 hour and followed by heating at 80°C tbr .1 bOut., with vigorous 

stitring with continuous nitrogen purging. .This resulted in a two pbaSe So141104 with a 

viscous gel layer oil the bottom. The top layer was decanted anddiscarded. To the: 

bottom layer, 200 nil, of deionized water was added and 20 g of 50% NaOH was added 

with:vigorous stirring. The solution was heated at 80 T Ito 6 bouts, After 6 hours the 

solution was removed from heatand allowed to cod 	to morn temperature. The volume 

was increased to 2 L with &ionized water The product was isolated by dropwise 

addition of 2 molar sodium phosPhate resulting in a large white precipitate. The 

precipitate was collected by decanting the supernatant and the precipitate was washed 

with deionized water. The isolated polymer was dissolved in 500 mL-deionized water, 

10 g acetic acid, and 2 g concentrated Hel. The resulting solution was tested for 

sensiti Vity to a multivalent ion stimulus by drop wise addition of 2 molar sodium 

phosphate or 0.2 molar sodium citrate to 5tra.: samples of 0.5% polymer solutions. 

Upon addition of the phosphateoreittate ions a white precipitate was observet:1, thereby 

indicating that the polymer was responsive to a multivalent anion stimulus. 

[03 I 601 	Figure 7  depicts a Schematic .of the reaction describixt in this EtampTe_ 

This example demonstrates that copolymers containing an amine or charged 

functionality copoiyinetize41 with a hydrophobic-monomer are responsive to a 

multivalent ion-stimulus, 

Example 34 	Synthesis of very high molecOai wiAtikt spolvvilniantine MIMI 
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stimulus responsive no/lamer from NVE monomer via inverse 
eintilsion 

phivmerization 

1.001671 	A stimulus responsive polymer comprised of repeat tillit$ containing 

prirnmy amines was synthesized from a mtinorner as followS. 90 g of octane 2.5 g of 

Span-85 (SIGNI A 16 g of N-vinyiformamide (NVF)E.ALDRICII, 98N, and 30 g of 

&ionized water was placed in a 250 nal.: round bottom flask. The flask was equipped 

with a magnetic. stirrer and a Nz. dipstick. The solution was stilted and purged with. NN  

for I bourns the temperature was increased to 55T. Initiator solution Was pmpared by 

adding 0.20 a of 2,2' Azobis(2-amidinoproparie)dihydrochloride (ABA?) (ALDRICH) 

to 20 MI of delonizetwater and dissolving. The initiator solution was charged to the 

250 mr„, round bottom flask containing the reaction solution under nitrogen purged 

atmosphem. The solution was heated to 60 'C for 2 hours, tbllowed by heating to ",1."i 'C 

for I hour with vigorous stirring' with continuous nitrogen purging. A two Om 

solution results with a viscose gel If 	on the bottom. The. top layer is decanted and 

discarded. To the bottom layer 500 nil.: of &ionized water is added and 48 g of 50% 

NAll . is added With vigorous stirring. The solution w.ras heated to 80''C for 1.6 .hours, 

Atter 16 hours the solution was removed from heat and allowed to cool to room 

temperature. The volume was increased to I L with deionized water. The product was 

isolated by drop wise addition of 2 molar sodium phosphate re.Sultini.:1 in a law white 

precipitate, The precipitate was collected by decanting the supernatant and the 

precipitate was washed with deionized water and soaked in isopropyl alcohol lbr 2 

hours and finally washed again with deionized water. The resulting solid mass was 

dried in a vaeutun oven at its "C tbr 3 days. The dried polymer was frozen with lignid 

nitrogen and ground to.a tine pOwder and further dried for 1 day. The resulting inaas of 

the dry powder was 21.5 g. A 2% solution was made by dissohing the dried powder 
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into I molar acetic acid and 0,08% Ha The resulting solution was tested for sensitivity 

to a multivalent ion stimulushy drop Wise addition of 2 ntolars.f.xhttrrk phosphate or 0,2 

molar sodium citrate to 50mi,. samples of 1".$ polymer solutions. Upon addition of the 

phosphate or citrate ions a white precipitate is observed. 

Example 35: Synthesis a a hi I inolectaL_Aru. wei /ht hai tyttledi 
polyvinviamine (PVA) stimulus responsive polymer 

[00168] 	Llsing a solution of Lupamin 9095 (linear polyvinylaraine; avetage 

MW ,,,-, 340 kpa, 20 % solids, pH 7-9) obtained from BASP, a hydniphobically 

modified stimulus responsive polymer was produced as follows. :100 g of Lupamin 

9095 (approximately 60 g of polyvinyIamine) was added to a 2 liter glass jar. Next, 40 

g of NaOH pellets and 500 Int of deionized water were dissolved and added to the jar.. 

This MI5 trAlowed by the addition of 500 la I 2-dimethoxyetha3e (SIGMA) as a co-

wiverit and the solution was. stirred vigorously until homogenous. Next, 17.66 g benzyl 

ehloride (ACROS ORGANICS, 99%) was added to the maction jar with stirring. Tito-

solution was. heated to 60 't for 'RI hours with magnetic stirring. The solution was 

Subsequently allowed to cool to room tempetature and Muisferred to a 5 liter -beaker< 

Next, 1500 mi. of d onized water was added with stirring. The pH. was adjusts 	to 5 

with glacial acetic acid. The product was precipitated. with slow-addition of 250 tn.L. 2 

molar sodium phosphate and the solid was collected and washed with deionized water. 

4001691 	Thepolyiner was further purified by the following :method_ The solid 

was dissolved in 2.liter of I Molar acetic acid with stirring. The totc'd volume was 

brought to 10 liters with deionized water and the pH is adjusted to 7 with drop wise 

addition . of. 50% Na0H. The product was precipitated with. addition 600 g of 2 molar 

sodium phosphate, The. Solid was isolated via vacuum filtration and washed 'with 

deiOnized water:. The resulting solid mass-  was dried in a vacuum oven at 65 T for 3 
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days. The dried polymer was frozen with /iquid nitrogen and pound to a fine powder 

and further dried for I day. The resulting mass of the dry powder was 46 g„A. small 

ttample was dissolved in I molar CI.K.001) / DzO acid and 'll-NIAR. sprain were 

obtained, which are depicted in Figure 8. The I. -•. 	were integratedand the 

amount of benzyl modification was determined to be 18 '',,. 

Example 36: 200 is geale svnthesis of a hiVdralmtkaally  modified polvidivitatino 
based stimoliammattsuatiner 

[00170) 	In an exemplary experiment descrilxxl herein, it was detrumstrated that 

the polyrners described herein could be mannfactured on a large scale. 

[00I 71) 	Using a solution of Polyallyantine (PAA., NITTOBO, /50 k',D.,-40% 

wt:Iwt,), a bydrophobically modified stimulus responsive polymer was produced as 

tbilows, 500 g of Polyallyamine (PAA N1TTOBO, 150 kr.); 40% wt../wt.) 

(approximately 200 .g of polYallylatnine) was added to a 4 liter glass jar. Next. $0 g of 

Naafi. pellets and 1000 ml, of &ionized water were dissolved and added to the jar. 

Followed by the addition of 1000 mi.. 1,2-dimethoxyethane. (SIGMA) as a co-solvent 

and the solution was stirmd vigorously until horriownOuS, Next, 114 g of benzyl 

uhloride (ACROS ORGANICS., 99%) was added to the reaetion jar. The solution was 

heated at 60 C for 16 hours with magnetic. stirring. The solution was allowed to cool to 

room temperature and transferred to a 10 liter beaker. 

[001721 	Next. 1000 tn.L of deionized water was added with stirring and a.  sticky 

solid Mass precipitated out of solution, The product was further precipitated with slow 

addition of 200-mi: 2 molar sodium phosphate and the solid was collected and waahed 

with &ionized water: The polymer was further purified by the following method.. The 

solid was dissolved. in 3. liter of I molar acetic acid with stirring.. The total velum was 

brought to 10 iittra with dchtoizeri water and tht pH wai4. adjustA to 7 With drop wise 
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addition of 50% .NaOH. The product was precipitated with addition 8tX1 g of 2 .n of 

sodium phosphate .and the solikhz.-was collected and washed with doionized water. The 

polymer was even t-iirther purified by the. follOwing method. The solid was dissolved in 

3 liter of 1 molar acetic acid with stirring. The total volume was brought to 10 .liter 

with deionized water and the pH was adjusted to 7 with drop wise addition of 50% 

MOIL The product was precipitated with addition 890 g of 2. molar sodium phosphate 

and the solids was collected and washed with deionized water. The restating so id mass 

was dried in a va.cutun overt at 65 'C tbr 3 days, The dried polymer was frozen with 

liquid nituigenand ground to a fine powder and ihrthet dried for I day. The r.f.lathing. 

rivass of thedry• powder was 250 g. A small sample was dissolved in 1 molar 

CD:4200Di plo acid an 	id II-N MR :spectra were obtained, as depicted in Fig= 9. The 

'11-N MR peaks were integrated and the amotintlof benzyl 	F.fiC'a ion was determined 

to be 33 %, 

Example 37: Dotermluatfou of flocculation performgct intaiztimigint mho 
for hicreasimakdes a ii AltaLutt ive olvi_.., ,tiLiatiar 	 !lit 
aolyelectrolvte hi a CHO ed.! calturtz 

[00173] 	in an exemplary experiment deacribed itetin„ the Misr:Mins tesponsiw 

polymers according to the present invention were compared to a known polymer, i.e, 

chitosan, for Certain desirable properties. 

[0174] 	eli0 cell culture was prepared using a meths:id, as described in 

Example 1. A solution of 2% wiw solution of medium molecular weight chitbs.on 

(MMW .chitosan) (Sigina-Aldrieh) was prepiued in 1 molar acetic a6d, A 2%, Wfw-

solution ofhydrophobically MOdifted polyallylamine based stimulus osponsive On, 

BOAA) polymer was prepared according to Example 136. 10 mi.. of the Cii0 cell 

eniture was dispensed into 15 niL conical tubes, individual polymer doses of 0.0, 0.1, 

0.2, 0.03,0A4, 0.05, 0.06„0.07: 0;08„, 0.09, 0.1,0.14, 0.180.22, and 0A % wiv were. 
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added to each conical tube containing CHO well cult= for each tlx:LMW chitosan and 

33%-BnPA.A. For the conical tubes eontaining the 33%4B3PAA otdy, the pH was 

adjuSted to 7,2 and a stimulus of 150 ritiM sodium phosphate was appliml. All the 

conical tubes.were (,entrithged at 3000 RPM for 2 :minutes and the sUpernatant was 

decanted and the turbidity was determined. 

[OM 751 	'Table $ below and Figure 10 summarize the results.of a representative 

experiment to demonstrate that a non-atintulus :responsive polymer (e.g chitosan) 

requires dose -optimization for efficient flocculation, whereas, a stimulus responsive 

polymer according to the present invention does not appear to require dose 

optimization in other words, M case of a non-stimulus resp011SiN't polymer such as 

ehitesan, once an optimal dose of the polymer is added for efficient flocculation, 

exceeding that optimal dose results in increased turbidity., which is undesirable, 

Whereas, in ease of stimulus responsive polymers such as those described herein. the 

stimulus responsive polymer continues to be an effective fioccularttiprecipitartt 

regardless of increase in the dose. 

TAW S 

t i 
	 - 	 

1 
i 	Polymer Floeculant Stimulus , Supernatant 
i  	Dosskv/9*,4 
t-- 

6 
Flier &dant 

MMW Chits= 
,,. 	tyiti)  

	

tPulymer   urnidtv 0..i. tj 
26O 1 

0.0 1  W MM 	Chitosan 	 n 	i ^t t : 
r---- t mmw C.Ititoaa 	 a 	1 	 13  

0  Oi .,.. 	,  	MMW Chitosan  ri 	z 4  
0,04  MMW Chitosaa 	 n 	1-..' 

200  
OD5 	  	MMW 	Hitt? a). 

- 
n  

1 
182 

0,06 MMW Chitosan 	 n  331 
0.07  	MMW Chitman. a - -1c  

--1 
6:0  mm w alitom n 	1. 	 1$3 : 

Q.09   MM W Clitoscin 	 a 	1 w. 318 

0.1  
0.14 

MM.W Chitosaa  
MMW  Chitosan  

n  
1 

a  
379 
404  

\ 
0,22 

MMW C.Ntosan  
MMW atitosan  

n 
1 

409 
a 	I .. 4044; 

--- 
0.4 .M.M.W Chitosan  t 1 	a 	1 40 

0 	 I, 33% Bengl inodifitxt  i 	, 	1 %.. 	i  237 	 



I 	POlyallykanim 	.• - 	 . 
1 	33% .Bf„silzyl. rn odi fi :d 

...., 	0.01  •	 1. 	poi.v-:11 •, -,nirw .< v  399  
33% Tkm,..yi modified 

	0.02 P01,./allvlamine  	.,. 
33';,i1 Benzyl modified 

if,  	486 

 	0.03 RA yaliyiamine  y 	___ 	433  
:33% Benryl mmlitied 

0.04 	, 	,...„
33% 

0,05  

 Polyollylanaine  

Polvailylamine  
Bertzy modifiW 

 

v  

 	293 — 

42 	.. 
335:'•'n .13enzyl modified 

0,06  Polyallylamine Y 19  
33% Benzyl modified 

0:07  Po lv ,dlylamine, 
33% ilenzyl modified 

Y  	 14  

0,08 Polvaitylaroilie  -    v  ... 16 	 
-33% lienzyi modified 

0,09 	 Polyallytamine 	v 	 2i 
33% lierayl modifit!d 

0.1  Polyallylamioe Y 	 o  
33% Bonmyl modified 

0.14  Polyallyhoothe  	v  17  
33% 1. en-inodi fled 

0.18  Polyallviamine  v 1.7 
33% Benzyl modified 

0.”. 	Polvallytamiae  	•)1 12  
33% fitwyt modified 

OA 	 POIValkyiamine v.  /4 

Example 38: Determination of ,,,,,,,,,,,,, latiou 	erfoilt_it. ..teen,,nrtiataut gnii.tv 
with increasing doses Of a stimulus responsiveittuitil.!r .. in the 

Presence 
of a mulkivalent 
culture 

anion stimulus relative ti* AO StiMilitik4 iii COO cell 

1001761 	CHO cell culture was prepared using -a method, as described in 

Example 1. A 2% wiw ',Iitution of hydropbOically modified ixilyallyiandne based 

stimuli responsive (334l43-8nPA.A) polymer was.prepared according to Example .g. 36. 

Individual polymer doses of 0.0, 0.05, 0.06, 0.07-, 0:08, 0.09, 0.1, 0.14, 0,18, 0.22„ and 

0.4 % wiv were added to each conical tube containing CHO cell ettlittre in hitificatcs 

(one for phosphoteand one f(u.  citrate and one for no atirmili) for 3311,-EMPAA polymer. 

The pH was adjusted to 7.2 and a stimulus of 150 :RIM Sodium phosphate Or 150 toM 

sodium citrate was applied or no Minmlus Was applied. All the Conical. tubes were 
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centritliged at 3000 RPM for 2 minutes and the supernatant was decanted and the 

eentrate turbidity was determined, The results from the experiments described in. this 

example tire Shown in Table 6 and Figure 11, 

[00177] 	Table 6 and. Figure I I Strannarize the results of a mpresentative 

experiment to demonstrate that a stimulus tesponsive polymer (e4t;, described in 

Example, 36) can operate as a non-stimulus responsiye floeculant (similar to Claws= 

data in Example 3";') requiring polymer dose optimization without a stimulus. 

HoW(WeT, with a multivalent ion stimulus, such as phosphate or citrate, the stimulus 

responsive polymer does not require dose optimitation as the. centrate turbidity is not 

effixted by increasing polymer dose 

Table 6 

' Stimulus' Supernatant i 
i 	Polymer Finfeetilant .„ 	- (phosphate! Torbidiy 

Dose (swifv)% Polymer Mondani - 
33% Benzyl modified 

citrate i tien, (NM)  

0 	 Polvallyiamine 
33%11enzy1 modified 

Mhos hase 217  , 

0-,OS PolvaDvitunine 	phovhate  42 	 
r 

33% Benzyi modifie 
0.06 	E Polyk;lytwiline 	pfloapilate   	39 

33% Ben2y1 modified 
0.07 Polvallyiamine 	..p.htmplattte  

33% BenzyI modified 	f  
 	14 

i 

0.0  Poixa11111Fine l 	pluvhate  	16 

i 33% Benzyl modified 
0.09 .Polytillyiamine 	 

33% BellZyl modified 
Otioa_phate 21 i 

t 

0.1 	 Polyallytainine  	.1:i13oihittet 
33% Benzyl modified 

20 ••-• 
t 

0,1.4 PolyallyLuntne phosphate  
33% Ben yi mxiified 

0,18 Polyallylaraine 	MM 	1 	phosphate   	17 
33% Renzyl modified 

0.22 Polyallyiamine phOvyate 12  	/ 
33% Beazyl mmli fled 

OA 	 Polyallylannne  
33% 'Benzyl modified 

phosphate 	,,t4,, 
t 

14 

1 	 
i 

0:05 Poiyallylamine 
33% Etenzyi modified 

citrate  50 	 

i 	 0.06 •Polval tyl amine  Orate  if.i 

i , 	. 0.07  3.  	33%  Beravi modified • -.  citrate 	: ^i 7 .,.. , 
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lei kyailmfamiw 	* 	 
33% Berayl modified 

0:1:A. Polyallylamme  ante. 23 
33% Benzyl modified 

0.09   Poivallvlinnine  Oitratr.  30 

3$% Benzyl modified 
0.1  Po:trill ylemine  	dtrW6  ", I -- 

33% Benzyl modified 
0.14  Poi .,aliviatrune citrate  9 

33% .BSc nzyl modified 
0.18.  .Polvailvtiniam  

e f.zitratp. 	24 “. ••••• 33% Benzyi modified I 

0,22 Polyallyiamirw.  citrate. 	'21 
:33':Yr, B..:4y.i modified 

0.4 	poj w,i oarninc ,,.....,_ citrate 	20  
33% Benzyl modifieil 

n 	.:t •...•,.. fsolyal4damine otvart 	Ls 	64  
33':!4, Mazy! modified 

0.06 PolyaliyIentine  none 	 " — 	--..... 33 	 — 
33% Beilz.yi modifkd 

0.07 , Polyal1viarnine  
33% Beazyl modified 

nom 	 23 „..- 

MS 	 Pelvallylainine  —} 	 acme 	 40 	 
33% Banzyl mcd i fled 

0,09 ! 	.,, 	1101i/anyleininc,'.  none  
1 

S I 
t 	33% Beriv.yi oxabfied 

.... 	0.1 	Pol,./allvlamine 	L 	none 55 
33% Benzyl modified 

 	0,14 _ 	 Polvallylamine  
33% fienzyknodifid 

1 	none 	 „ 	, , 	199 	 

0.18  . 	Po lyid Iylaiiiirie  
33% Henzyl modifed 

nona 	., 492  

0,22  Pefyakiamiiie  E 	none 454  
33% Bcfn2:y1 1:6:Ad:led 

L 	0.4  Pol'zialYiair,  tww 03 

Exampie 39: Determination of flocculation performance and supernatant quality 
nith leereasing doses of an unmodified stimatas responsizumlymer 

in 
CHO sel) culture 

00 I 78) 	In another expetimei4, thollocenlation ability and supernatant quality 

with an unmOdilictiainudus responsive poiyrner in a. CI-k cell 4.adIure was detInnined, 

as dei•loribed herein. 

[00179j 	CHO cell culture was prepared nsing a method, as described In 

fixainple 1. A 2% W;'  w solution of nrunodifled polyallylamine .bat4ed siiinnli respowivo 
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polymer was prepared by dista&ing Polyallyamine (PAA, NITTO130, 150 kD;40% 

wt./wt.) in I molar acetic acid. 10 mt, of the CHO cell culture is ditpensed into .15 at: 

poler doses of 0;0, 0.05, 0,06, (),07, 0,08., 0,10, (1,1, 0,14, sxin icai tubes. Individualym 

0.18, 0,22, and 0.4 % wlw was added to each conieai tube .coritainingCtIO cell eultum, 

The pH was adjusted to 7.2 and a stimulus of 150 mM sodium phoaphaie WW1 applied. 

Ail the conical tubes were centrifbged at :3000 RPM for 2 minutes and the tutpertatiarit 

waa decanted and the turbidity was determined, die results from the'eXperiments 

described in this example are Aiown in Table 7, 

Tablt 7 

Supernatant 
Polymer Finecoiant Stimulus Turbidly 

$-e (why%  _ Polvmqr Ploeculant_ 
um(siTilail50k6 

_kin) ,,,,..AN.11,) 	 

0.05  Polvallytimine  n 	 171 
=raffled iSOkft 

0.06  Pcilyatlyamine 
unutxlified 150k113 

a 	 426 

. 	.. 0,07  Polyallyamine 
wood i.aed i 50k1) 

z.). 673 

0,08 Polv<altvanikko 	 - 
amodified 1.30kD 

:a '959  

0,09   	Pavallyamite 
mailed 150kD 

a 947 

0.1  Pelyellyamine ka. 	 :'` IMO 
WW1 ilk d 1 50 kr) 

0. i 4  Poiyallyamitto 
1 	umodirmi 150kD t 

a > 1(i00 

0.18 	 I 	Peivalivaraine  
ximadified 150kD 

a  --N.  1 WO 

0,22  Polyallyianine 	 
muudified 1.50kD 

a  > 1000  

0.4, Nyallyanine  . > .100  

Example 40: DeterminatInia of tioeculation perfortvance„sAllitart 
supernatant ttinalitv a stimuli responsive poivincr in CHO cell 

culture 

'1001801 	CHO cell caltarc Was prepared using a method-ea described in Example 

L A 10% Wfw solution of a bydropliobically Modified Oblyallylamine based stimuli 

NspoDsi VQ { 33 %-• BnPAA) polpflet wag prepared similar to Example 4 36. 50 ml., of 
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CH() cell eulture was placed in a 100 Int, glass graduated cylinder in duplicates. In one 

of the cylinders, the stimulus responsive polymer Was added to a dose of 0.5%, the pH 

was adjusted to 7 with drop svise.addition of 2 molar iris base, the sodium phosphate 

concentration was adjusted to 50 rtiM iw addition of a 2 molar sodium phosphate 

solution, and the solution was stirred for 2 .minutes. The sodium phosphate and pH 

adjustment was performed in order to precipitate the stimulus responsive polymer and a 

complex &cells, cell debrik. impurities, residual polymer; to flocculate the solids; and 

to inCIV80 particle size. After the. sodium phosphatt addition and pH a4 	large 

aggregated particles were observed in the stimulus responsive polymer treated feed. The 

other graduated cylinder was stirred for 2.minutes and nothing was added., i3oth oldie 

cylinders were allowed to sit undisturbed for 1 hour. At the end of an hour, the. 

supernatant was aspirated and the turbidity was recorded. 

(0018 I] 	It was observed that the solid phase in the cylinder with the mid 

polymer settles fitater as well as a defined settling front (sharp solid to liquid phase 

transition) relative to the solid phase in the untreated cylinder, which gave an undefined 

settling front. 

j00182j 	The results of MO such exmitnent are summarized in Title i. The 

measurements with respect to the settlingfronts were a rough. estimate for the untreated 

cylinder because the settling front Was largely dispersed and  

Table 8 

Time 
(minutes) 

Polymer Settling Front (% 
Solids) 	, 

Final Supernatant 
TurbittiriF  omit_ 

, 	10 

20 

33%.Betu'.511 illfAiii0 
Polyalyamine 

Ii% Beir41 modified 
Polyaltylo.inine 

100 	I 
t 

100 

33% Benzyl modified 
PolvailviamMe  

-----t- 
2 30 

 	-+ 
0 3% Berayl modified 

PolyalVismiiie 	 
0 
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50 

	

 	: 

60 	: : 

3:3% lienzyi *.nodifi0 	7 	47 
Polyallyiamine  

1.? i 	33%13erizyi moditi.  
Polvallvlamine 	 	  i 	,.z.,.„.z- 

42 

i 	 None  _ 10  
20 	i _ , 	None  

I00 	 i 
r 	 I 

30 .NOro 	i 	95  

	

 	: 
i 	40  None 	i 	93  

i 	50  None. 	t 	88  

Example $1: Comparison oftdaritkaltemihrmamsa! asino ohnmir 	 nes q( 

differWAtteatial.' walolon 

[00) 	A soies of poly men with diet dent molecular weights were Obtained, 

nrodified, and used to floCculate, precipitate, and p' 	a cell culture. Polymers with 

priml), an tine repeat units of molemlar weights of I AD, 851;1'3.150W, 3500), 600- 

950kD and 200074000kD were Obtained andlor modified by the following methods. 

[001841 	The 15kD polyallyiamine polymer was obtained from NITTORO and 

was henzylated (covalently attached benzyl groups and purified) using a method similar 

to example 36. The 85k!) benzylated polyvinylamine polymer was premed by 

Example 23. The 150kD beire.Ylated polyallylamine was prepared according to Example 

36. The 350kt henzylated polyvinytaraine polymer was ptvpared by EXample 35; The 

95011 po.lyvinylamine polymer backbone is pmpared by hydrolyzing, Polym in VZ 

(BASF) with 2 equivalents, of base at 80'G for 8 hours. The unmodified 2000-4009k0 

PVA was prepared. according to example 31. The benzylated 2M0-40001) polymer 

was prepared according to Example 32. The polymers were used to floCculate, 

precipitate; and purify a CHO I.Xi44 cell cultine of approximately 12.x106 cellsiml., and 

a .harvest cell viability of< 50%, The..flocculation was performed at polymer doses of 

0.2 % and 0,4 ".4> w/W„A soluticm stimulus of 50 triM sodium phosphate and pH 

adjustment to 7 with 2 molar Iris base was applied, 



[001851 	Observations.about the flock size were recorded and are denoted as. ÷- 

being small flocks and ++444- being very large aggregates. The vials denoted ++÷+± 

were more of a complete zone separation than a susNnsion of aggregates, It is also 

noted that the larger agregate&fparticles settle faster with a sharper solid liquid 

interfaced  Results are shown in Table 9, which demonstrates the results for flocculation 

using polyamines of different molecular weights. 

'ruble 9. 

Molecular Weight i Pulyirmr Dose „.kggregateiPanlele 
(kR) twilv) MA  

 	15 0.2  + 
 	85  _ 	0.2  43  
	 150 

50  
0.2  
0.2  

43+ 	........., 
++4- 

600.900 	0.2 .....__ +++ 
 	200034000  	0.2 /444. 

15 	 0.4  
0.4 

.f.. 
.i3 	

-..., 
85- 	.4.. 

4.1--i- 

- 50  t-- 

2000.4000  # 	0A +4444 	 .4 - 

Example 42: Comparison of elarifieatimeglormance ushil,,r polvamines of 
ill/Les.p'44 itutcalliatil 

E001861 	CHO cell culture was prepared using a method, as described in 

Example 1. Samples of polymen described in Examples 31, 32, 33 and 35 were added 

to the cell culture as described in Example 38 with the Mowing exceptions: The 

polymer dose Was between 0.1 wt% and 0.6 wt% as descries in Table 10.. The initial 

cell culture turbidity was -•900 NM and the centrate without polymer treatment had a 

turbidity of 212.NTU, The pH was adjusted to 7,2 and a stimulus of 50 nevi sodium 

phosphate was applied. All the conical tubes were centrifuged at 3000 TtlYM for 2 

rninuteS and the supernatant was decanted and the emirate. turbidity was determined.. 

The results from the experiments described in this example are shown in Table 10., 
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which demonstrates the performance of diffemst.bydrophohic modifications at dillMent 

polymer doses. 

[00187] 	Table 10 &immigrates that by ehanging the nature of the hydrophobic 

gmup and/or po'ymer molecular weight, the. response to stimulus and resulting contrate 

turbidity can he varied. 

Table 10. 

Polymer 
Polymer Dose 0:Orate 

Turbidity 
Ovivil (NTO  

Untreated 
(No Po'i'nter  

r 
Example 31  
Example 31  

0 212 

0,2 	 
0,6 

1 2 
.... t6 

Exam-  le 32  0,2 92  
Esanwie 32  0,6  36 
Example 33  0,2   	i 
Example 33 	0,6 61 
Example 35  0,1 

19 

,. 	Example 35  0,2 	1 	12 ,,,,,,,,,,,____„„, ...... 
,., 	Example 35  
 	Example: ,),)  

OA 	I 	36 
i 0,6 	i 	32 

Example 43: 	Effect of Reduced Dthisraibitimtlayjth stivOls Responslve, 
Polymers on Downstream filtration 

[001881 	In ordet to assess the affect of the annulus restionSive pbb,Ther on 

subsequent tAmtrifugation and depth filtration steps - theibllowing prozedme was 

followed, D044 chinoso Hamster Ovary (CRO) cell line .expressing PT61 antibody 

were grown in a I OL bioreaetor (NEW 11.RUNSWICK SCIENTIFIC) to a density of 

aboutl5s106 cells/Wit. and harvested at ---: 50% viability, A 10% wiw solution of a 

hydrophobically modified pOlyallylamine based stimuli responsive (3:31..4-BnPAA) 

polymer is ptepared.similar to Example 36. 

[00189] 	One fraction of the 1X144 CHO cell culture is treated with 0,2% of the 

stimulus msponairepolYmer 335Ip-BnPAA, while another fraction of the 1)644 CHO 



cell culture isliOt treated. To the stimulus responsive polymer treated zell culture, the 

sodium phosphate concentration is brought to 50 raM by drop wise additim of 2 motar 

sodium phosphate and the pH isadjusted to 7.2 by drop wise addition of 2'molar tri 

base. The sodium phosphate and pH adjustment is performed in order to precipitate the 

gimulus responsive polymer and a complex of eells, cell debris, impurities, residual 

Polymer, and to Pocculate the solids, and increase particle sin. After the sodium 

phosphate addition and pH adjustment, large flrycked particles are observed in the 

stimnus responsive polymer treated feeds Both fractions were eentrithged for 5 minutes 

at 3000 RPM and the supernatants were decanted and the turbidity was determined. The 

centrate turbidity for the 33",4)-8nPAA polymer treated feed was determined to he ltd 

N-ru while the eentrate turbidity for the untreated ftted was doermined to be 60 NW, 

(001901 	'Depth filter throughput for each feed was determined by the following 

method. A X0He Millistak+,t Pod Disposable Depth Filter (MILLIPORE). with a 

surface area of 23cm2  used for each feed. The depth fihers weix.k equipped with a 

peristaltic pump and an .in line pressure sensor. The filters We 	fluShed with dekntized 

water according to instructions and the fbed was pumped through at 100 1,1‘111 and the 

filtrates werepooled. The pooled turbidity for the $3'.!..W3nP,AA polymer' treated f'ed 

filtrate was 6 NTU and the pooled turbidity for the untreated feed filtrate was 9 NTh. 

The filter throughput for the 33%-113nPAA polymer treated feed Was 1304 LAO at 10 

psi, at which time the experiMent was stopped because of feed limitations, The filter 

throughput for the untreated feed was 206 lJiu2 at 20 psi, at which tintethe experiment 

was stopped because of pressure limitations..  

Example 44 	Purtileastiott of a as 	protein stream with a stimulscimpaekg 
polymer followed by capture with a affinity resin  

[091911 	in order to better assess the affect of the tiIIIIIittS responsive polymer 

on subsequent purification .Steps:, a model feed was prepared and the following 
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procedure was followed. CHO cell culture is prepared using 4 method similar to 

Example I. Initial Feed UCP level -- 210,000pprn. A 10% wiw solution of a 

hydrophobically modified polyaliylamine based stirmili reSponsive (33%-anPAA) 

pOlymer is prepared similar to Example 36. One fraction of the 'IK) cell culture is 

treated with 0,1% of the stimuli resporisive,polymer 333143nPAA, while another 

fraction of the CHO cell culture is treated with 0.4% of the ailmili responsive polymer 

3314413nPAA, and a third fraction of the CHO cell culture is not treated. To the stimuli 

responsive polymer treated cell cultures the sodium phosphate conc2ritration is-brought 

50 niM by drop wise addition of 2 molar sodium phosphate and the pH is adjusted to. 

72 by drop wise addition of 2 molar Iris base. The sodium phosr.sha 	and pH 

adjusiment is performed in order to precipitate the stimuli reawinsive.. polymer and a 

complex of cells, cell debris, impurities, residual polymer; and to flocculate the solids, 

and increase particle size. Mier the sodium phosphateaddition and pH adjustment large 

flocked particles are observed in the stimuli responsive polymer mated feeds. li:ach 

fraction of the cell culture is centrifu&d in a lab scale bucket cantrifitge for 5 minutes at 

3000 RPM, The turbidly of each centrate is recorded and repotuA in Table  11 < The 

emirates am filtered through a 0.2gm Durapore* filter. 

[00192.1 	lite filtrate pools were purified through a three step chromatography 

based purification consisting of protein A affinity chrornatography (ProSep Ultra 

Plug. ), bind-and-elute cation exchange Chromatography (ProRes Se), and membrane 

adsorber anion exchange chromatography in flow-though mode (ChromaSOrb co. The 

purification was performed on a chromatography workstation according to the method 

in Table 12. The pools for each step were analyzed. for hest cell protein (CHOP ). by 

ELISA, leached Protein A (1.. Prot;) by ELI A< residual DNA by PicoGreen lb assay, 



Mrbidi/Y• aggregated protein (AGG) percent by size. exclusion HPIL, and :ptotain 

concentration by UV absorption. 

Table 'IL 

	 , 
Mob CHOP 

Feed Centrate Recovery. Removal t DNA 	1 
Theritment  (NTU) (%)  i.%)  ,.   	(141Inti.)  
CwIriftge 

Orli i  127 100 0 	 49 	: 

Bri25PAA  
0.4% 

7,3 90 50 	_  	<1.0 

l 
625PAA  92 78 50 ,t 	 

<..**  N., 

Protein A Pools  

Wm; z 
fl'ilf;tiVatiOn, : 

Feed tow pH hoid Step Yield pCHOP) I Pr PA DN A 	1 
.1-$vdtrnent  Pool  (WW1 `,.,'.4,) , 	{ppm)  	GG %  (Kw).      	, DIVcrq 
Centrifuge 

Only  45 99  2135 	 3 ::. 25 0.,84  
0.1% 

I .8o25PAA  2,4 _ 99 507  2..9 	12  •ci.,00. 

0,4% 
Brt25PAA  2  160 287  3 	>25  .-,•$ e ,• ,.." ,, 	• 4 
Centlifuge 

Only 	 87 584 .3  <LOO 	<L00  
0.1% 

3 

Ei 9t 	1 282 	2,4  4n25PAA 	 1.O 1 	-- 
4, 

0,4% 
Etn25PAA  t 	133 2.4 ‹ 	, <L 3€  

,   	 ChromaSorb Pools 
Feed 	 1 1 Step Yieldr [CHOP) DNA 

TmItment 	 
Centrifuve 

4. —041.— (Ppn.9  
1.0 o 

L PEX3A 	f 
i $ 

(3,Egini L  

ny  
0,14:Yi,: 

93 	 <1.00  
0.7 fx' 

<00 t 
l 
	 <t.00 

I 	Bri2,5P 4  
i 	0.4% 

	 96 	-tl.,00  
0.7 or 

-. 1,.00 	, 
,• 

,c1.0 

I 9n25PM   	05  	4.0Q.  • , 	i .LOO 

Table 12. 

, 	 ,...- 
Protein A i - 

Dimensions  
Column  

0,66 X 14 cm  i 
	 4 

Method 	4— 	 i 	 • I— 	
1--- 	 4 

ration z 
(Colurne Residence 	1 

Step Buffer  
I 

Volumes) Time 	 

I. E0 	 1 Phospahte buffered 3's £3h?  5  i  3 
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' 	 f es t 
	

2.14 mi., 

[

_ , ,  
Wash  
— 	-:(3'fOrl `Z • 	' 

I Acid  Strip  

..... 
Phospal2to buff ' ered Sc.saiine  
50mM Acuticadd. pH 3.0 	. . 	 

+  150mM Phosbnotic add  

t. 
6  
.1 

3  
3 

,..{. 

., 

l.  EQ 	 Phomahte buffered saline  	5 	 t , a. — 

,  Cation Exchange 	r..r 	  ,-.- 
Column 
Dimensions 	 0,66 X 14 cm  

Method 	 
F btulition 

(Column Restdemm 
I Stee 	 Buffer Volumes) 	 Time 

50mM Acetir: aoid, 25rniVI Not.".1, pH 
SO 	 5.0 

Protein A elution pod adjuted k3 pH 5 
with 50n/M Acetic add', 25trity4 Ns% load density= $( 

oa.d 	 pH 5.0 -..,P.9fmi• 4 
50mlyi Acetic add, 26mM NaCl, pH- 

WeSh  	5.0  	3  3 
50mM Acetic scid, 125mM NaCJ, pH 

Elution 	  5.0 3 ti 
50mM Acetic acid, 5000.4 Neel, pH 

Stri „NaCi 5.0  — 3 
NaOH Ciaaning 	 0,W NaOH 3 

	
3.  

50mM Acetic add, 25mM Nag', pH. 
: 	(.) 	 5.0 ,5  

Anton  Exchange 	4 

.•,  • 
ChromaSorb 0,08 
ruf 

Mthod 	 
Duration 
(Column Flow Rate 

Step  
: 

EQ 
i  Suffer  Volumes  (mLimirude)  

I 1 50 m\.1 Ids  pH 7A  
4.- 	 

C',:ation exchange .pool adjusted with Load Density --2 
l.  Load 	: 50 mivl iris pH 7,4 	  2 51<aft.  1 

Example 45: ftrification of a model protein stream wtth. a stimulus responsive 
polymer followed bLeexture With a cation exchange resin 

[001911 	In order to better assess the affect of the stimulus responsive polymer 

on subsequent purification steps., the following procedure *as followed, DC144 Chinese 



Hamster Ovar (CHO) cell tine expressing PIG1.antibody were grown in a 101 

bioreactor (New Brunswick Scientific) to a density 'of aboutl 5x106 cellsinit 'and 

harvested, at <, 50% viability with an 11CP level of— 142000 ppn ,  

00194) 	A 10% wiw solution of ahydrophobically :modified polyatlylamine 

based stimuli responsive (33%-BnPAA) polymer was prepared similar to Example * 36. 

One fraction of the CHO cell culture was treated with 0.1% of the Stimuli MisponSive 

pelmet 33%43nPAA, while another frac.tion of ti CH() cell culture was mated with 

0.4% of the stimuli responsive polymer 33%-BriPAA, and a third fraction of the CHO 

cell culture was not treated, To the stimuli responsive polymer treated eel/ cultures, 

sodium phosphate concentration was brought. to 50 rniV1 by dmp wise addition 012 

molar sodium phosphate and the pH was adjusted to 7.2 by drop wise addition of 2 

molar tris base. The sodium phosphate and pH adjustment was performed in order to 

precipitate the stimuli responsive polymer and a complex of cells, cell 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 in the stimuli responsive polymer treated feeds. Each ft-action of the eel' 

culture is eentrifiaged in a lab seale bucket centrifuge for 5 minutes at 3000 RPM. The 

turbidly of each ceutrate is recorded and reported in Table '13. The centrates were 

filtered through a 0.2tUnDurapare0 filter, 

[00193 	Me filtrate pools were purified through a two step chromatography 

based purification consisting of bind-andelute cation exchange chromatography 

(ProRes SO), and 'membrane adsorber anion exchange chromatography in flow-though 

mode (ChrontaSorb 0). The purification wasperibrthed on a chromatography 

workstation according to the method in Table 12. The pools for each  step were 

analyzed for host cell protein (CHOP) by ELJSA, leached Protein A. (1,ProA) by 
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ELIS.A, residual ANA by PicoGreen 8 assay. tuthidity, aggmgated protein (AGG) 

pet 	exclusion 	and. protein concentration by UV absorption, 

Table 1.3,  

Feed Tramment 
	 t 

untreated 	1  

Centrate 
	(.NTU) 

>1000  

	

Mat> Recovery 1 	-CROP 
`% 	Removal "4)  

• 100 	i 	0 

11 	:<$ 
up gt)-  

1 1 .9  
-l- O. I "so Polymer 	: 	4, ,..• • + 	 92 	.1 	56  <I..09  

0.,..Mi Poirner 12   90 	i 	6$ 	4,00 

Feed Treatment 

crx 
SienY ield 

i 	c3 

Pooh 

[( HOP] (ppm) At t;%) • • 

. 	, 
DNA 

 	to ?mi..)  
0, P./0 Polvan..,r  80 897 	 r- 	<0.1. 	 i 	 4.0' 

84 	 500  

rb Poels  

0,,:i% Polymer : 	<01 , <1.0()_ 

ChromaSos' 

Feed Treatment 
 	-t- 	 

0. I% Polyper 

Sum Yieid 
(% )  

. 	96  

K.:HOP) (ppm) 

270 	 
---t 

DNA 
. 	. 

	

••, 	m. 

	

....? 	;•i,..i 

04% Polymer 	97  2,5 	‘. 
:•-i 	( ),) •,.... 	. 	,,, 

Example 46; rolvethriene membrane surface modified with jazieltfajs, ti.c,,,-.• 
hvdr0xvethvImalacsvlate (PAHEMA) 

(00196) 	in anothet experiment, a membrane was modified to incorporate a 

multivalent ion sUnaulus, where the membnine ean be used for =loyal of residual 

stimulus responsive polyiner. 

1001971 	A .16% aqueous mixture of PAHEMA was prepared itccording W the 

-(91.10wing recipe; I6g of !eMIENIA. (Aldrich #695890 75% PAVEMA and 25% 

DisHEMPA), 0,2 g of Irgacure 2959, 93.8 	•g of water. A poIyetb.ylehe membrane 

0.65ein, UPI 	MILLIPORE) was prewetted with methanol and 'exchanged intO water 

and treated with the PAHEMA formulation. The sample was exposed to UNT light, 

-washed with tpothanoland water, and dried, The weight added to. the membrane by dna 

surface modification was 4.4%. The infrared glitch-inn of the membrane displayed a 
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strong metbacrylate earbanyl absorption. Stainingthe membratae with methylcrie blue. 

(apositively charged dye) gave a deep blue color with.a cyan optic;id density of 1 ,43, 

.Example 47: hydrophilic polyethvlette membrane surface. modified with 
phosphoric 

acid 2-hydroxyethOmethacrylate (1)A.HEMAI 

(00198] 	A 1 6% aqueous 311 i xi.= of PAHEM A was prepared according to the 

following recipe; 16g of PAREMA (Aldrich #695890„ 75% P.AITEMA and 25% 

Bis.HEMPA), 0;2 g of hp:ice:iv. 2959, 93.8 g of water. A hydinphiloic membrane 

(OkStun, MPLC MILLIPORE) was directly contacted with the PAIIIIMA solution. UV 

. exposure and washing:  as above gave a membrane with a. 7,6% add on. The inframd 

spectrum of the membrane displayed a strong metbaerylate carbonyl abSorption. 

Staining the Membrane with methylene blue (a positively charged dye) gave .a deep blue 

color with a:cyan optical density of 1.45. 

Example 4$: Hydrophilic polYmethaervlutesmattedijkLwAL 	ic 1_,..miLr 	I 
2. 

hytirrve„tinatitettagyli„Atidwit w.A).  

[00199) 	In another experiment, a resin was modified to include a stimitins, 

where the modified mein could then be used for removing the re deal pOlyinf„,r. 

[00200) 	A solution is prepared with the following cdnaposition: 60tritallyi 

glycidyl other( AGE) 110g 4M NaOH, 14 sodium sulfate, 	et €!s Solution 60m l of 

ToyePear165C media is. added and the. mixture is placed in a rowing hybridizer at 5OC 

or 16 hours. The,media are separated and waShe.d by standard procedures, The 

PAHEMA. grafting solution is preptuvi as follows: 1.0g PAHEMA, 0.06g atit*bilan 

persulfate, 9.0g water, To this selutien is added Sod of the AGE modified ToyoPearl 

media„ The mixture is placed in a hybridizer at 80C fi.-ir 16 houcs. Separating and 

washing by standard procedures gives the PAHEMA modified resin. This product stains 



dark blue WIMI. treated 'with a 0,01% aqueous solutiou of methylene blue svhii.-dt is 

positively charged dye. 

Example 49 	Stimulus responsive pekuter bkadintuvktir 4n.ilvdroptillic  
polyethylene 

membrane surface modified wittpiyalphoric acid 2-
lagroxvethylmethatrylate (PAIIEMAI 

/00201; 	'the..PAHEMA modified MILC membrane (Exam* 47) was used to 

capture polyallylatnine (PAA) polymer from .l solutions containing, IGO, 10, and 1pprn 

PAA Tespectively wind the following esperimental procedure. A membrane disk 2.0irun 

processed diameter in I See,  cell holder. FAA solutions processed at I.5ccisec. The 

membrane was washed in and out of cell holder with I Mitt. PBS buffet PTocessed 

membrane stained with Polecat' S. 

(002021 	Ponceau S is a negatively charged dye that absorbs strongly to 

positively charged surfaces. 'When PAA is absorbed by the PAHEMA modified 

membrane, the surfaee is converted from a negative to positive charge, This conversion 

is easily observed. by staining the pmeessest solution with Ponceau S. A good measure 

of degree of staining with Ponceau S is the magenta optical density as measured with a 

Macbeth Densitometer. The magenta optical density values for variant; processed 

membranes ti,e. loaded with PAA) on both the upstream and downstream sides of the 

mernbrane are shown in Table 14. 

[00203] 	As can be seen fbr the I ppm case, all of the FAA is captured on the 

upstream side of the membrane. For the 1.5nd, of processed:solutio.n, this corresponds 

to 4,8 micrograms of PAAJcm2 of membrane surface. 
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Table 14.  
PAA Loading 	Upstream (Topside) 	I Eliownstrearn (Bottom:side) 

(PAA processed) 	 .Magenta 	1 Magenta Optical Density 
Optical Density 	 

Unprocessed  0 	2 	 0  
100 pain  0:77 0,77  
I Op pm  0.75 	 0..7t3  

. 	1 ppm  _ 0.60 0  

[002051 	Accordingly, based on the results from this Example, it may be 

concluded that the modified monbranes and resins desc„ribed herein may be used for 

reducing the level of residual polymer or completely removing, the residual polymer. 

002E >.J 	The specification is most thoroughly understood in light of the 

Uslachings of the references cited within the smification which are hereby incorporated 

by reference, The embodiments. within the st'iecification provide an illustration of 

ernbodimenta.in this invention and should not be construe( to limit it,3 seam The 

skilled artisan readily recogni4es that many other embodiments are encompassed by this 

invention. All publications and inventions are incorporated by reference in their 

entirety. To the extent that The material incorporated by reference contradicts or is 

inconsistent with the present specification, the present icif ication will supercede any 

such material, The citation of any references herein is not an admission that such 

references are prior art to the present invention. 

100207] 	Unless otherwise indicated, all numbers expreninglitantities of 

ingredients, cell culture, treatment conditions, And so forth use'din the specificanon„ 

including claims, are to be understood as being modified in all instances by the tern 

"about." Accordingly, unless otherwise indicated. to the contrary, the numerical 

parameters are approximations and may Vary depending upn the desired properties 

sought to be obtained hy the present invention. Unless otherwise indicated, the term "at 
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:east" "Frei tiding a. series of eleirtelVS is to /Nit understood to refer te, every ele..ment in the 

series. Those Skilled in the art willtecognize, or he a. ?,We to ascertain using no more 

than routine experimentation, many equivalents to the specific embodiments of the 

invention described herein. Such equivalents are intended to be enzoinpusW by the 

fOilowing claims. 

1:00208 J. 	Many modifications and variations of this invention Can be Made 

without departing ftOm its spirit and scope, as will be apparent to those skilled in the 

art. The specific embodiments described herein are otTexed by way of minple only 

and are not meant to be limiting in any way. It is intended thatthe specification and 

examples be considemi as exemplaty only, with a true scope and spirit of the invention 

being indicated by the. following claims. 

90 



 

What is claimed is:

Claims 

1. A soluble stimulus responsive polymer comprising a polyvinylamine backbone

comprising one or more hydrophobic groups attached to the backbone, wherein the

polymer is capable of binding and precipitating a biomolecule of interest in a sample

upon addition of a stimulus.

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

comprises at least two monomeric units.

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

comprises at least three monomeric units.

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

unit in the backbone comprises a charge.

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

monomeric units comprise a charge.

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

interest is a therapeutic polypeptide.

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

interest is an impurity present in a sample.

8. The soluble stimulus responsive polymer of claim 7, wherein the impurity is

selected from the group consisting of host cell protein, endotoxin, DNA, RNA, viruses,

lipids, whole cells and cellular debris.

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

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

is phosphate or citrate.

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

polypeptide is an antibody.

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

monoclonal antibody.

13. A method of separating a target molecule from one or more impurities in a

sample, wherein the method comprises the steps of:

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

(b) contacting the sample with a soluble stimulus responsive polymer comprising

a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the

backbone thereby to form a complex of polymer and the one or more impurities; and

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

solution,

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

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

filtration steps.

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

chromatography step.

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

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

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

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

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

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

wherein the polymer comprises a carbon containing polyelectrolyte backbone; R1,

R2 and R3 are charged groups which form a part of the backbone; R4 is a hydrophobic

group attached to a charged group in the backbone; R5 is a group possessing a charge

opposite of the charge found in R1, R2 or R3; and n is the number of monomeric units in

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

21. A method of separating an antibody from one or more impurities in a sample

while minimizing residual amounts of polymer, the method comprising the steps of:

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

(b) contacting the sample with a soluble stimulus responsive polymer comprising

a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the

backbone under a first set of conditions suitable for the polymer to bind one or more

impurities, thereby to form a first complex of polymer and one or more impurities,

wherein the first set of conditions comprise adjusting pH or salt concentration of the

sample during or after the addition of the polymer;

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

conditions;

(d) contacting the sample with a stimulus comprising a multivalent ion, thereby

to form a second complex of residual polymer and multivalent ion; and

(e) precipitating the second complex;

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

while reducing the amount of residual polymer in the sample.

22. The method of claim 21, wherein the antibody is a monoclonal antibody.
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23. The method of claim 21, wherein the one or more impurities is selected from the

group consisting of host cell protein, DNA, RNA, viruses, antibody aggregates and cell

culture additives.

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

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

which an antibody is secreted.

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

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

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

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

or more impurities comprising the following formula:

wherein the polymer comprises a carbon containing polyelectrolyte backbone; R1,

R2 and R3 are amine groups which form a part of the backbone; R4 is a phenyl group

which is attached to 5% to 75% of the R1, R2 or R3 groups; R5 is a cation exchange

group modifying 5% to 50% of the R1, R2 or R3 groups; and n is the number of

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

30. A method of separating an antibody from one or more impurities in a sample

using a stimulus responsive polymer, while minimizing residual amounts of polymer, the

method comprising the steps of:

(a) providing a sample comprising an antibody and one or more impurities;
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(b) contacting the sample with a soluble stimulus responsive polymer comprising

a polyelectrolyte backbone comprising one or more hydrophobic groups attached to the

backbone under a first set of conditions suitable for the polymer to bind one or more

impurities, thereby to form a first complex of polymer and one or more impurities,

wherein the first set of conditions comprise adjusting pH or salt concentration of the

sample during or after the addition of the polymer;

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

(d) removing the flocculated solids;

(e) contacting the sample with a multivalent ion, thereby to form a second

complex of residual polymer and multivalent ion; and

(f) precipitating the second complex

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

while reducing the amount of residual polymer in the sample.

31. A method of separating a target molecule from one or more impurities in a

sample, wherein the method comprises the steps of:

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

(b) contacting the sample with a soluble multivalent ion responsive polymer

comprising a polyelectrolyte backbone comprising one or more hydrophobic groups

attached to the backbone, wherein a multivalent ion is added during or after addition of

the polymer, thereby to form a complex of polymer and the one or more impurities;

(c) precipitating the complex out of solution,

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

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

citrate.

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

copolymer.

34. The method of claim 31, further comprising the step of removing a residual

amount of polymer after step (c), wherein the step comprises the use of a membrane or

resin modified with a multivalent ion.

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

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic

group.

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

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

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic

group.

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

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

modified with a hydrophobic group and polyvinylamine modified with a hydrophobic

group.

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

96




