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STIMULUS msmmivzjommus FOR THE MIRIEICATION OF 
BIOMOLECULES 

Priority Data 

(0001j The present application claims the benefit of priority of U.S. 

Provisional Patent Application No. 6.1/395,769, tiled on May I ?, 2010, the entire 

content of which is incorporated 'by .reference herein in its entirety. 

Field .of Invention 
1,0002] The present invention relates to polymers useful for protein 

purification, la particulars the present Invention relates, at .least in part, to stimnius 

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

containing the target molecule and one and more impurities, 

|0003] Efficient and economic large scale purification ofhiomaleeules such 

as, e.g., therapeutic proteins including antibodies,, is an increasingly important 

consideration for the biotechnology and pharmaceutical industries. Generally, the 

purification processes are qnite elaborate and expensive and include many different 

steps, For example, typically, in the case of proteins, proteins are produced using cell 

culture methods* e.g., using either mammalian or bacterial cell lines engineered to 

produce the protein of interest by insertion of a recombinant piasrnid containing the 

gene encoding that protein. In general, following the expression, of the target protein, 

its separation from one or more undesired components including, e.g,, host eel! 

proteins, media by-products and UNA, poses a formidable challenge. Such separation 

is especially important when, the therapeutic proteins are meant for use is humans and 

have to he approved by the Food and Dreg Administration (FDA). 
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[0004] in general, separation and'or purification presses that are currently 

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

intracellular 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 interest; and use of a variety of 

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

various imparities in the sample. 

{00051 Various types of polymers, including polyeketrotyies, have been 

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

For example, the use of polyeleetofytes in iloceulation to purify proteins is well 

established (see, e.g.. International PCX Patent Application No. W02008/091740}. 

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

general characteristic being the polymer must have some, level of interaction with a 

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

methodology is the use of polymers containing ion species, such as polyelee&olytes. 

Generally, polyeleetrolyt.es are added to the protein mixture and purification is achieved 

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

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

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

too highs or inefficient fioceulation (e.g., when polymer level too low). Because ion 

exchange and other charged chromatography media are commonly used in the 

purification of proteins, residual polyeieetroiyt.es can potentially bind to the media used 

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

[0006) Recently, technology has been developed which overcomes some of 

the challenges associated with the use of polymers for purification of bioroolecules (see, 
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e.g., International PCX Publication No, WO 2008/079302 A2), For example, stimulus-

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

(e.g., bos! cell proteins, DNA, cell'culture additives) as well as insoluble (e.g., cells and 

cellular debris) components (see, e.g., US Publication Nos, 20080255027 and. 

2009003655!), Although stimulus-responsive polymers show great promise in general, 

a key challenge that faces a broad use of such polymers is the existence of a simple 

stimulus which may he implemented at a variety of scales, ranging from laboratory 

scale to large production, scale. 

[0607] The present invention pro vides novel polyeleetrolyte based stimulus 

responsive polymers which are 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. 

[0Q08-] In some embodiments according to the present invention., a stimulus 

responsive polymer comprising a polyeleetrolyte backbone comprising one or more 

hydrophobic groups is provided, where the polymer is capable of binding and 

precipitating a biomoiecule of interest in a'sample following the addition of a stimulus. 

[0009] In some embodiment's., the polyeleetrolyte backbone of a polymer 

according to the present invention comprises at least two monomeric units or at feast 

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

compri se a charge, in other embodiments, each monomeric unit of the polyelee trolyte 

backbone comprises a charge, 

[0010] In some embodiments, a stimulus responsive polymer according to the 

present invention comprises a polyamlne backbone. In some embodiments, one or 

mom hydrophobic groups is a phenyl group. 

3 



WO 2011/146394 PCT/US2011/036648 

[0011) The stimulus responsi ve polymers according to the present invention 

are useful for purifying a desired target molecule and do so hv separating the desired 

target molecule from one or more undesirable entities present in a sample along with 

the desired target molecule. 

10012] Accordingly, in some embodiments, a stimulus responsive polymer 

according to the present invention binds and precipitates a biomolecule of interest, 

which i tself is the desirable target molecule bound and precipitated by the stimulus 

responsive polymer. In other embodiments, a stimulus responsive polymer binds and 

precipitates a biomolecule of interest, which is an undesira ble entity present in a sample 

along with the desirable target molecule. 

[0013] In. some embodiments, the biomolecule of interest is a therapeutic 

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

polypeptide is an antibody (e.g., a monoclonal antibody). 

[0014] in other embodiments, the biomolecule of interest is selected from the 

group consisting of host cell protein, DMA, RNA, lipids, viruses, endotoxins, cell 

culture additives, whole cells and cellular debris. 

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

responsive, to a stimulus which is a complex forming salt, 

[0016] Also encompassed by the present invention are methods of using the 

polymers described herein, The stinrmks responsive polymers are unique and inventive 

over the polymers described in the prior art, in that they supplant or improve upon one 

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

purity of a target molecule desired to be purified or separated from one or more 

undesirable entities. 
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(0017} Accordingly, in some embodiments, .a method of increasing the purity 

of a target molecule is provided* where® (he method comprises the steps of: (a) 

providing a. Sample comprising a target molecule and one or more impurities; (b) 

contacting the sample with a stimulus responsive polymer comprising a polyeleetrolyte 

backbone comprising one or more hydrophobic groups attached to the backbone under a 

first set of conditions suitable for the polymer to bind the target molecule in solution, 

thereby to form a complex of polymer and the target molecule; and (e) adding a 

stimulus to the sample under a second set of conditions suitable to precipitate the 

complex out of solution, where the precipitation of the complex .results in the separation 

of the target molecule from one or more impurities, thereby to increase the purity of the 

target molecule. 

(0018} In some embodiments according to (fee methods of the present 

invention, the method further comprises the step of recovering a target molecule from 

the complex, 

£0019} In another embodiment, a stimulus responsive polymer according to the 

present, invention binds and precipitates one or more impurities, instead of (fee target 

molecule, where the precipitation of a complex of the polymer and one or more 

impurities results in the separation of the target molecule from the one or more 

impurities, thereby to increase the purity of the target molecule. Accordingly, such a 

method comprises the steps of: (a) providing a sample comprising a target molecule and 

one or more impurities; (b) coo (acting the sample with a stimulus responsive polymer 

comprising a polyeleetrolyte backbone comprising one or more hydrophobic .groups 

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

the one or more impurities, thereby to form a complex of poly mer and (fee one or more 

impurities; and (e) adding a stimulus to the sample under a second set of conditions 
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suitable to prec ipitate the com plex, where the precipitation of the complex results in the 

separation of the target molecule IMB one or more impurities, thereby to increase the 

purity of the target molecule. 

[0020 ] la some embodiments, a stimulus responsive polymer according to the 

present invention comprises the following structure; 

where x. and y represent monomedc units of ike polymer; Rs and Rj are charged groups 

which .form a part of the polyeleetrolyte backbone (8); and % is a hydrophobic group 
attached to. a charged group in the backbone. The ratio of y monomeric unite (ie.f 
having a hydrophobic group attached to the backbone) to the total number of 

monomelic units (te., sum of x and y monomeric units) represents the "percent of 
hydrophobic -modification" of the pol ymer. 
[002!) in some -embodiments, a stimulus resporisi ve polymer according to the 

present invention comprises the following structure: 

where x, y and £ are monomeric units in the polymer; R<, R? and Rj are charged groups 

which form a pari of the polyeleetrolyte backbone (B): R4 is a hydrophobic group 

attached to a charged group in the backbone; and Rs is a functional group attached to a 
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charged, group in the backbone. The ratio o.fy monomeric units (i.e., having 

hydrophobic group attached to backbone) to the total number of monomelic units in the 

polymer (i.e., sum of x, y and z .monomelic units) represents the "percent hydrophobic 

modification" of the polymer. Further, the ratio of z morsomerie units (Lc,> having a 

fimetismal group attached to a charged -group on the backbone) to the total number of 

monomelic units (ie., sum of.x„ y and x units) represents the "percent functional group 

modification" of the polymer, 

[0022] In general, it is understood that a polymer encompassed by Ac present 

inversion may have: ' V number of any of monomeric units x, y or 2, described herein, 

where « is equal or greater-than two. 

[0023 ] ia still other embodiments, a stimulus responsive polymer according to 

the present invention comprises the following structure; 

where x and y represent, monomeric units; Rf, Rs are aliphatic amine groups (e.g., 

primary or secondary and/or aromatic amines) which Ibrm a part of a carbon containing 

backbone of a polyeleetrolyte; and Rj is a hydrophobic group attached to the amine 

group B..j and contains 4 or more carbon atoms (e.g,. an alky! group, an alfcenyl group, 

an aralkenyi group or a Huorocarbon group), In some embodiments, the ratio of y (i.e., 

monomeric units 'having a hydrophobic group attached to a charged group in the 

polyeleetrolyte backbone) to x (i.e., unmodified charged group in the polyeleelTolyte 

backbone) is 0.0 i to 0.75 or 0.05 to 0.75. Accordingly, the percent hydrophobic group 

R R 
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modification would be between 1% to 75% or between 5% to 75% of the total 

polyeleetrolyte moacsatene units (i.e.s x 4- y). 

[0024] In yet other embodiments, a stimulus responsive pofwer .according to 

the present invention comprises the following structure: 

R* Rg 

where R.u ,R2 and R3 are aliphatic amine groups which form a part of the carbon 

containing polyeleetrolyte backbone (e.g., primary or secondary amines and/or aromatic 

amines); U4 is a hydrophobic group containing 4 or more carbon atoms and selected 

from slkenyl ar&lkyl and aralfceny! groups; and. 'Rs is a hydrophobic group containing 4 

or more 4 carbon atoms and selected from a» alky! or a tlooroea.rbon groap. The ratio of 

y monomeric units to the total number of polyeleetrolyte monome ric units is between 

0.01. and 0.75, The ratio of z monomeric units to the total number of polyeleetrolyte 

monomeric units is between 0.05 and 0,5 or between 0.01 and ChS, Accordingly, (he 

percent hydrophobic group modification is between 1 % and 75% or between 5% and 

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

5% and 50%, 

[00:25] Additional methods of using the stimulus responsive polymers 

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

target molecule-or'product of interest (e.g., an antibody) while minimising the amount 

of residual polymer in the sample. 
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[0026]: In some embodiments, a method of separating a target .molecule (e.g., 

an antibody) from one or more imparities using a stimulus responsive polymer 

according to the pre sent invention while minimizing residua! amounts of polymer is 

provided* where the method comprises fee steps of: (a) providing a sample comprising a 

target molecule and one or mote impurities; (b) contacting the sample with a stimulus 

responsive polymer -under a firs t se t of conditions suitable for the polymer to bind the 

one or more impurities, thereby to form a first complex of polymer ami one or more 

impurities, where the first set of conditions comprise adjusting pH or salt concentration 

of the sample before or after fee addition of the polymer; (c) precipitating the first 

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

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

multivalent ion; (e) precipitating the second complex.; and (f) recovering the target 

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

impurities in the sample while reducing the amount of residua! polymer in the sample. 

[0027] Its some embodiments, the target molecule is an antibody. In a 

particular embodiment, the antibody is a monoclonal antibody. 

[0028] In s particular embodiment, recovering the target molecule in various 

methods according to the present invention comprises a chromatography step. In 

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

[0029] In some embodiments, methods according to the present invention rosy 

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

the invention. For example, a stimulus responsive polymer may be nsed to precipitate 

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

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

different step of the process. 
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[0030] In some em'hodmssntis, the one or more impurities is selected from the 

group consisting of host cell protein, DNA, UNA, antibody aggregates, viruses, 

endotoxins, whole cells, ceRuliar debris and cell culture additives. 

Brief Description of the Drawings 
[00311 Figure I is a schematic depetmg tin? reaction of a polyrflylanune 

polymer with Ocnzylehloride 

|0032] Figure 2 depicts the reaction scheme for bex,anok acid and test-butyl 

modified polyallylatnine (HC-t-BuMPAA) 

[0033] Figure 3 is a graph depicting the effect of sodium chloride on the 

multivalent ion stimulus and pH responsiveness of hexaaoic acid and text-butyl 

modified polyallylamme (HC-t-BuMPAA). The X-axis depicts p!l and Y-axis depicts 

turbidity of the eentrate (i.e., output of a centrifuge). 

[0034] Figure 4 depicts the synthesis of polyvinylamine, as described in 

Example 29. 

[0033] Figure 5 depicts a reaction for the deproteetion of polyamme after 

polymerization. 

[0036] Figure 6 depicts a reaction of poiyvmyiamine with benzykhlodde -

1003?] Figure 7 depicts s polymerization and reaction scheme to farm a 

multivalent km stimulus responsive copolymer. 

[0038] Figure 8 depicts an NMR 'spectrum for modified polyvinylamine 

(PVA) from Example 35. Integration of the ill NMR shows benzyl modification level 

of about 18%, 

[0039] Figure 9 depicts an NMR spectrum for modified polyallyiamine from 

Example 36. Integration of the IflNMIl shows benzyl modification level of about 

33% 
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[0040] Figure 10 depicts a gtaph demonstrati ng the effect of polymer dosing 

for s non-stimulus responsive polymer (e.g., ehitosan) and a stimulus responsive 

polymer (e.g., benzyl modified, polya'Uylatmne) on centrals turbidity. The X-axis is the 

polymer dose (wt%) and the Y-axis is the central turbidity (NTD), as described in. 

Example 3?. 

[0041 ] Figure 11 depicts a graph demonstrating the effect of polymer dose in 

the presence and absence of a stimulus for a benzyl polyallykmirae stimulus responsive 

polymer. The X-axis is the polymer dose in wl% and Y-axis is the central turbidity 

(NT1J)., as described in Example 38. 

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

biomolecules. 

[0043] Figure ! 3 depicts a purification scheme including a stimulus responsive 

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

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

desired target molecule. 

[0044] Figure .14 depicts a purification scheme including a stimulus responsive 

polymer used to improve the clarification of the ceil culture. The stimulus responsi ve 

polymer removes one or more impurities via floecalation, however, the polymer does 

riot bind the desired target molecule and the residua! polymer is removed by adding a 

stimulus after clarification, 

{0045} Figure 15 depicts a purification scheme including a stimulus responsive 

polymer used to improve the clarification of the ceil culture, The stimulus responsive 

polymer removes one or more impurities, however, the polymer docs not bind the target 

molecule and the residual polymer is removed by an additional adsoxptive nitration step 

following clarification. 
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[0046] The present invention provides, at least in part, a novel and improved 

stimulus responsive polymer comprising a polyeleetrolyte backbone modified with one 

or mom hydrophobic groups, where the polymer solubility can'he altered by the 

addition of a stimulus, 

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

provide an improved range of pi! for purification of desired target molccnl.es. including, 

e.g., proteins, as well as removal o.f undesirable 'entities such as impurities, e.g., host 

ceil proteins, DMA, ENA, lipids, endotoxins, ceil culture additives, cells and cellular 

debris- In some embodiments, the polymers described herein are responsive to .tew 

concentrations of simple multivalent salts, thereby allowing for improved scalability 

and reduced conductivity relative to existing salt responsive polymers, in various 

embodiments, the polymers according to the present invention- can effectively remove 

whole ceils, cellular debris as well as other soluble impurities from cell culture media, 

The polymers can also effectively remove impurities from protein mixtures containing a 

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

herein are able to effectively capture target molecules and proteins/products 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 molecule. 

[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. 

stimulus responsive polymery described herein can bo used for the binding and 

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

[0047] The stimulus responsive polymers and methods of using the same 

Without wishing to be bound by theory, it is contemplated that the 
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product or an unclesired entity, e.g., one or more imparities including, e.g.,-host cell 

protein, DNA, RNA, lipids, endotoxins, cell culture additives, whole ceils and cellular 

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

is mferred to as a biomolecule of interest, whether it is the desired target molecule or an 

undesired entity, 

[0050] The selection of a particular stimulus responsive polymer to use, as 

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

example, m 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 polyeleetrolyte backbone which is eationic-

(i.e., positively charged) is desirable to use. On the other hand, in case of a biomolecule 

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

stimulus responsive polymer comprising a polyeleetrolyte backbone which is anionic 

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

[005 ij A positive charge could be inherent to the polymer under conditions 

used during the purification process or the positive charge cat) be generated with a 

change in pH which tenders the stimulus responsive polymer charged. 

[0052] An important parameter affecting the overal l reco very of a biomolecule 

is the ratio of hydrophobic modification groups to the remaining unmodified charged 

groups in the polyeleetrolyte backbone. For example, as the percentage of hydrophobic 

groups increases so does the resulting loss of the biomolecule through non-specific 

interactions. Therefore, for a given biomolecule, a specific ratio of charged groups to 

hydrophobic groups can be used in order to maximise biomoteeole recovery. 

Addi tionally, a high, percentage-of hydrophobic groups may limit polymer solubility 

and the effectiveness of charged groups on the polyeleetrolyte backbone. 
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[0053] Further,, modification of a charged amine group m the backbone of the 

polyeleetrolyte polyallylamine with benzyl, chloride, results in a secondary amine which 

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

adds a sterie bulk to the amine group which can affect charge-charge ititeractkms. 

Additionally, modilicaiion of a chafed group in s polyeleetrolyte backbone with a 

.hydrophobic group can result m a reduction, in the number of charged groups, for 

example, modification of an amine group of polyallylamme with benzyl 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 i:n the backbone. Accordingly, a redaction 

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, 

[0054] While, certain polymers according to the present invention are cationic 

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

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

as well as anionic groups. In esse of such 'hybrid polymers, unmodified groups on the 

cationic polyeleetrolyte are responsive to a complex forming salt, while the anionic 

modification groups on the backbone can bind a biomolecule of interest which 

possesses a net positi ve cha rge. Accordingly, the ratio of unmodified cationic groups is 

the polyeleetrolyte backbone to anionic and hydrophobic groups is important to 

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

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

polyeleetrolyte backbone can result in limited to no response to stimulus, Whereas, too 

few anionic groups can limit the ability to capture a biomolecule of interest, 

1005S | The requisite level of modification of polyeleetrolyte backbone by 

hydrophobic groups 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 be purified using the polymer as 

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

polymer backbone,. For example, in order to minimize the amount of stimulus used, 

e.g., a multivalent salt, it is desirable to have more hydrophobic groups attached to the 

polyeleetrolyte backbone. Alternatively, increased amount of multivalent ion stimulus 

reduces the extent of the hydrophobic modification or percent hydrophobic 

modification required. In some instances, it may be possible to completely eliminate 

the need for hydrophobic modification, for example, if the multivalent ion stimulus is at 

a very high concentration, Alternatively, increasing the polymer molecular weight 

reduces the inherent solubility of the polyeleetrolyte backbone and may allow for low 

(5 % or less) or no polyeleetrolyte hydrophobic .modification. However, the elimination 

of hydrophobic modification can increase the amoun t of residual polymer for lower 

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

[ 0056] In various embodiments, the exten t of hydrophobic modification on a 

polyeleetrolyte backbone ranges from 1% to 85% or 5% to 50%. Accordingly, 

depending on the biomolecule of interest to be bound-by a stimulus responsive polymer,, 

the percentage of hydrophobic modification is at least 1%, 2%, 3%, 4%, 5%, 10%, 

15%, 20%, 25%, 30%. 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,. ?5%, 80% or 

85%. 

[0057] In some embodiments, a complex forming salt is used as a stimulus. In 

various embodiments, the concentration of the complex forming salt ranges from 2m.M 

to 500mM, or from 25mM to lOOnaM, 'Exemplary complex forming salts include'but 

are not limited to multivalent ions such as, e.g., citrate, phosphate, sulfate and HDTA, 

and ton-association salts such as psrehlorate, dodecyl sulfate sodium salt, dodecyl 

benzene sulfate, .Fe(ii)-4-chlom~2-rsilroplienol anion, letraphenyl borate sodium salt and 
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hexamtrodiphenol an« (see. e.g., ANALYTICAL SCIENCES, DECEMBER 1987, 

VOL. 3, p. 47% In general, an ordinary skill in the art would be familiar with 

numerous complex forming salts which are known In the art and may be used as a 

stimulus for the polymers described herein, 

[0058] The amount of a complex forming salt which is required to induce 

precipitation, depends on factors such as, e,g„ pH, polymer concentration and 

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

polyelectrolytes such as polyallyiamine bav« 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 fee different than 

at a lower pH or higher charge density state. 

{0059] In general, a stimulus responsive polymer according to the present 

invention maybe added to a feedstock containing a target molecule or a target molecule 

containing sample. In She form of a solid or in the form of a liquid. The final polymer 

concentration is generally between 0,01 % and 2%. In some Methods described herein., 

a mixture of a polymer and a biomolecule of interest is generated followed by the 

addition of a stimulus, e.g., a complex Conning salt such as a multivalent anion. The 

amount 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 fee 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 fiocculation, where overdosing leads 

to problematic residua! polymer, 

[0060] The present invention ean be used in a variety of purification schemes. 

The stimulus responsive polymer cart be beneficial at any step of the process, although 
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the preferred use is at the beginning of &e process during clarification or during capture 

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

can be added in one or more steps and subsequently precipitated using one or more-

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

the biomolecule of interest (Le„ one or more impurities or a desired target molecule). 

Also, the stimulus cars be applied before, during or after the removal of fee precipitate, 

which is generally in solid toon. The precipitate can be subsequently removed using 

one or more techniques known in fee art and/or those described herein such as, e.g., 

•filtration, settling, eentri&gatioo or any other solid/liquid separation method or a 

combination of methods in simultaneous, parallel or series separation schemes, 

[0061 ] Addition of the stimulus responsive polymer can he accomplished in 

several ways. The cell culture media may be adjusted to a desired condition prior to the 

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

pE and/or conductivity. The stimulus responsive polymer can then he added to the cell 

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

a solid format. The polymer containing solution itself can be formulated just that it 

adjusts the pH of the cell culture media to a desired condition. For example, the 

stimulus responsive polymer can be dissol ved in a concentrated acetic acid solution. 

The concentration of this acetic acid solution can he altered based on the volume, 

fermentation solution condition and protein concentration in order to provide the 

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

result in the desired polymer concentration and solution pH, The stimulus responsive 

polymer can be added in concentrations where spontaneous floeculation occurs, 

typically in the range of 0,01 to 0,1% wt polymer or 0.01 to 0,5 % wt polymer, 

depending on the type and percent solids, siseh that the solution, becomes cloudy and 
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begias to fonrt a precipitate. Alternatively, the stimulus responsive polymer can be 

added la concentrations where spontaneous floccutetion does not occur but polymer-

biomoleeule 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 

original solution. Also, the stimulus responsive polymer can be added m concentrations 

where a mixture of spontaneous flocculation and polymer-biomoleeule association 

occurs. 

[0062] Although, use of a stimulus in a purification scheme is more desirable 

as it alleviates some of the problems associated with overdosing with the polymer, e.g., 

as incase of flocculation. processes, it is contemplated that the polymers described 

herein may also be used as llocculants. 

10063 ] In an exemplary purification scheme, a stimulus responsi ve polymer 

according to the present invention is added to the cell culture alter fermentation is 

complete and polymer is formulated to bind a biomolecule of interest, which is not the 

desired target molecule, in such a method, a stimulus responsive polymer is added to 

the cell culture under a first set of conditions, e.g., conditions which .may be adjusted 

before, daring or after the addition of the polymer which binds the biomolecule of 

interest. After the stimulus responsive polymer is added under the first set of 

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

precipitate which includes the biomolecule of interest (e.g.* one or mots imparities such 

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

precipitate can be subsequently removed by eeutrifugation and/or filtration, thereby 

resulting m a clarified ceil culture fluid. The resulting clarified cell culture fluid may be 

subsequently passed through a capture step using a chromatography media to bind the 

desired target molecule. The target molecule may subsequently be eluted from the 
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capture step, Accordingly, in some cases, by using a stimulus responsive polymer 

according to the present invention, which enables removal of one or more impurities at 

the clarification step, number of additional steps may be reduced/ eliminated or 

modified. 

|0064] In some embodiments, a stimulus responsive polymer is added to the 

cell culture under conditions where the-polymer binds a biomolecule of interest which 

is not the target molecule. After the stimulus responsive polymer is well mixed at the 

desired solution'conditions, a flocculate which includes the biomolecule of interest is 

allowed to form. The solid containing the biomolecule of interest is removed by 

primary clarification. The resulting cell culture fluid is collected and a stimulus is 

applied to precipitate residual polymer. The precipitated residual polymer is 

subsequently removed by-secondary clarification. The resulting clarified cell culture 

solution is passed through a capture step using a chromatography media to bind the 

target molecule, ft may be possible to remove the residual polymer using the addition 

of a stimulus at any of the purification steps following primary clarification. Also, it 

may be possible to add a stimulus to remove residual polymer at any step or add one or 

mots stimuli multiple times throughout the process. 

10065 j In another purification scheme, a stimulus responsive polymer is added 

to the cell culture fluid .after fermentation is complete under conditions suitable for the 

polymer to bind one or more impurities, such that the polymer does not bind the target 

molecule. After the stimulus responsive polymer is well mixed under the desired 

solution conditions, a stimulus is added which forms a solid precipitate with one or 

more Impurities, The solid precipitate Is removed by eentrifagation and/or filtration. 

The resulting clarified cell culture solution is passed through a filter which is capable of 

binding the stimu lus responsi ve polymer, One of ordinary skil l in the art can nsadlly 
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select/identify a filter which can bind the stimulus.responsive polymer. Far example, a 

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

polymer may be provided. Alternatively, a filter'possessing s charged group that has 

the same charge as the biomolecule of interest and a charge opposi te tha t of the 

stimulus responsive polymer may be used, 

[00661 Membranes, packed beds or filters may also be used to remove a 

polymer .from solution. For example, an anionic membrane containing sulfonic acid 

groups could be used to remove a polyarome stimulus responsive polymer. Also, a 

filler with binding, properties similar to the stimulus used to precipitate the polymer can 

be used. .If the stimulus is a multivalent anion, then providing a filter with a surface that 

contains -multivalent anions can .remove the polymer from solotion. for example, a 

membrane modified with polyvinylphosphate could bind to polyamines in much, the 

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

precipitation. Also, beads (e.g., polyrnethaerylate) modified with poiyvinyiphosphate 

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

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

through » capture step using a chromatography media to bind the target biomolecule, .It 

is possible to remove the polymer using a chromatography media, depth lifter or other 

porous material that can bind the- stimu lus responsive polymer. It is also possible to 

remove the polymer with adsorptive means at a single step or more than one or multiple 

steps. Further, if is possible to remove the polymer via absorptive means at any step 

after the polymer's addition to the mixture. 

|006-7] 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 capture steps. 
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For example, two separate stimulus responsive polymers could be used; the first 

polymer which binds one or more impurities btst does -not bind the target molecule and a 

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

m separate steps or a single step. Likewise, a single polymer could be used which has 

functional groups capable of binding the target molecule-and a polyeleetrolyte 

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

the target molecule and one or more impurities in a single step or multiple steps. 

Subsequent elutio-n of the target molecule from the polymer may occur after several 

different precipitation/stimulus additions or washing steps. The stimulus responsive 

polymer can be added after the capture step and used to clarify suspended solids and 

impurities which result from virus inactivation or other steps after the capture step. The 

stimulus responsive polymer can also substitute for or enhance polishing steps. 

[0068] in some embodiments, a virus inactivation step fie,, 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, hydrophobic interaction, mixed mode and others}. The solution may 

then, undergo a series of filtration steps, including virus filtration and ultrafiltration or 

diafiltratiou, 

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

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

detailed description. 

Definitions 
[0070] The term "stimulus" or "stimuli," as used interchangeably herein, is 

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

response by a stimulus responsive polymer according to the present invention. 
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Accordingly, the present invention provides novel polymers which are responsive to a 

stimulus and which stimulus results in a change in iha solubility of the polymer. 

Examples of stimuli to which one or more polymers described herein are responsive, 

include, but are not limited to, e.g., changes iri temperature, changes In conductivity 

and/or changes in pR, In some embodiments, a stimulus comprises addition of a 

completing agent o.r a complex forming salt to a sample, ft) various embodiments, a 

stimulus is generally added alter the addition o f a polymer to a sample . Although, the 

stimulus may also be added during or before addition of a polymer to a sample, 

[0071] The term "polymer*' as used herein, refers to a molecule formed by 

covalent linkage of two or more monomer tmits. These monomer units can be synthetic 

or occur in nature. The polymers formed by the repeating units can he linear or 

branched. Examples of polymers include, but are not limited to, polyethylene glycol, 

polypropylene glycol, polyethylene, poly&Hytemine, poiyvinyklcohol, polystyrene and 

copolymers (e.g. polystyrene-eo-polypyridine, poiyacrylie acid-co-nietbyi. metbacrykte, 

pluronies, PF68 etc). In some embodiments according to the present invention, 

polymers comprise a poiytelectrolyle backbone. Also described herein are copolymers, 

which may be used in the methods according to the present invention, where the 

copolymers are responsive to a stimulus. In general, it is understood that in case of 

polymers, the monomeric uni ts are of the same type, whereas, a copolymer will usually 

have different typos of monomeric units. 

|0072] The term "'stimulus responsive polymer," as used herein, is a polymer 

or copolymer which exhibits a change in a physical and/or chemical property after the 

addition of a stimulus. A typical stimulus response Is a change in the polymer's 

solubility, For example, the polymer poly(N4sopropyke:rylanilde) is water soluble at 

temperatures below about 35 **C, but become insoluble in water at temperatures of about 
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35 :'€, In a particular embodiment, a stimulus responsive polymer & a polyailylamine 

or a polyvlnylarnme polymer which is responsive to a multivalent ion stimulus (e.g, 

phosphate stimulus), 

10073] The term "polyeleetrolyte backbone" m used herein, refers to a carbon 

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

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

units, or at least '70% of the units, or at least 75% of the units, or at least 80% of the 

units, or at least 85% of the units, or at least 90% of ihe units, or at least 95% of the 

units, contain a charged functionality. In other words, at least 50% of the monomeric 

units include a charged group which f orms a part of the unit, In some embodiments,, a 

polyeleetrolyte backbone described herein contains at least two or more- monomeric 

units, where each of the units contains a charged functionality. In case of the 

polyeleetrolyte backbone of poly mers* in which each of the monomeric u n its contains a 

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

pcilyelectroIytesT Exemplary poIyelectroSytes include, hist are not limited to, 

polyailykmine, polyvmylaniine, poiyacrylie acid, poiyethyleneimine, chltosan, and 

polyvmylphosphotio acid. It is also contemplated that one or store entities, which are 

different ftom the monomeric units, may fee linked to polyeleetrolyte backbone. 

£00?4] The term "hydrophobic group," as used herein, refers to a nonpolar 

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

hydrophobic groups include, feat are not limited to, phenyl groups, tertiary butyl groups, 

cyclic hydrocarbons, polycylie aliphatic hydrocarbons,.polycystic aromatic 

hydrocarbons, and short chain hydrocarbons such as hexyl and oetyl groups. In a 

•particular embodiment, the hydrophobic group is a phenyl group. The hydrophobic 

group can also fee a non-hydrocarbon and contain heteroaioms such as nitrogen, oxygen, 
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sulfur, phosphorus etc. In various embodiments according to the present invention, 

stimulus responsive poly mers are provided, which comprise a polyeleetrolyte backbone 

having one or more hydrophobic group attached to a charged group in the backbone. 

Without wishing to be bound by theory, it is understood thai the number of hydrophobic 

groups attached to the polyeleetrolyte backbone is important for altering the polymer 

solubility, thereby to improve the stimulus responsiveness of the polymer. However, it 

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

water insoluble without a stimulus, 

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

are modified with a hydrophobic group is generally referred to as "percent hydrophobic 

modification*" of the polymer. Accordingly, in various embodiments, the percent 

hydrophobic modification is important and ranges 1% to S5% or from 5% io 85%, 

Accordingly, the percent hydrophobic.modification may be at least l%,or at least 2%, 

or at least 3%, or at least 4% or at least 5%, or at least 6%, or at least ?%, or at least 8%,. 

or at least 9%, or at least .10%, or at least 15%, or 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%, or at least ?0%>, or at least 75%, or at least 80%, 

or at least 85%, 

|0076] The term "percent hydrophobic modification" as used herein generally 

refers, the ratio of unmodified polyeleetrolyte charged groups to hydrophobic group 

modified polyeleetrolyte charged groups as a percent of the total polyeleetrolyte 

monomeric units in a polyeleetrolyte polymer backbone. 

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

polyeleetrolyte backbone further has a charged group attached to the hydrophobic 

group, which is distinct entity from, the charged group .in the backbone. 
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[0078 ] As used herein, the term "aikyk" generally-refers to a straight or 

branched hydrocarbon chain. Straight chain or branched chain hydrocarbon chains 

refer So any substituted or unsubsdtuted acyclic carbon-containing compounds, 

including, e.g., afkanes> alfcenes and-a1.kyn.es. Examples of alky! groups include lower 

alkyi, for example, methyl, ethyl, n-propyl iso~propyl, n~butyi, iso-buty!,. lert-butyl or 

iso~hexyl; upper aikvi, for example, n-heptyl, n-oetyi, iso-octyl, nonyl, deeyl, and the 

like; lower alkylene, for example, ethylene, propylene, propylyne, butykme, butadiene, 

pentene, n-hexerise or iso-hexene; and upper alkylene, for example, a-heptene, n-octem, 

iso-octene, nonene, deeene and the like. An ordinary skill in the art would be familiar 

with numerous straight, i,e., linear, as well as branched alky! groups, which are 

encompassed by the present invention. 

[0079] In addition, such alkyi. groups may also contain various substUnenis in 

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

functional groups include bat not limited to, carhoxylie, sulfonic, phosphoric groups 

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

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

double bond. 

[0080] As used herein, the term "aralkyF* refers to an alkyi group which is 

terminally substituted with at least one aryl group. 

[ 0081! As used herein, the term "aralkeayl" refers to an alkenyl group which is 

terminally substituted with, at least one aiyl group. 

[0082) As used herein, the term "aryl" refers to a hydrocarbon ring bearing 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, naphthyi, anisyi, tolnyl 

and xylenyl. 
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[0083] As used 'herein, the term "fluorocajbon" refers to a straight or branched 

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

Straight chain or branched chain, flaorocarbon chain generally refers to any substituted 

or tmsubstttuted acyclic catbon-contaming compound, including, e.g., alkanes, alkanes 

and alkynes. Examples of alkyi groups include lower alkyi for example, methyl, ethyl, 

R-propyl, iso~propyi, n-butyl, iso-hutyl, iert-bulyl or iso-hexyl; upper alkyi, for 

example, n-heptyl., «~ootyf, iso-odyl, nonyl, deeyl, and the like; lower alfcyka&, for 

example, ethylene* propylene, pmpylyne, butyteae, butadiene, pentene, n-hexene or ixo~ 

bexene; and upper alkylene, for example, n-heptene* n-octene, tso-octene, nonene, 

decene 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 branched aikyl groups, 

whkh are within the scope of the present invention. In addition, such alkyi groups may 

also contain various sabstituents in which one or more hydrogen or one or more 

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

include, bat are not limited to, earboxylfc, sulfonic, phosphosnc groups and the like. 

(00 84] The term "'functional group " as used herein, is a group which imparts 

additional functionality to a polymer described herein, In other words, a funeiiooa! 

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

polyeleetrolyte backbone, e.g., to a charged group in the backbone. For example, in 

some embodiments, a functional group can. be a Hgand for changing the binding 

properties of the polymer, for example, earboxylic acid, sulfonic acid, sulfate, primary 

amine, quaternary amine and dietbylarnino gronps. The functional group can also alter 

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

altering.£ stimulus response or making the polymer responsive to a second stimulus. 

Exemplary functional groups lor altering stimulus response behavior include, but are 
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not limited to, esrboxylie acid group (pH responsive), pyridine group (pH responsive) 

and N-isopropylaerylamido group (temperature response). 

[0085] The term 'ligand," as used herein, generally refers to an entity which 

provides a specific binding capability for another entity. Examples of"Kg»ndsM 

include, but are not limited to, ion exchange groups, bioaffinity or biospeeifse groups, 

hydrophobic groups, fhiophilic interaction groups, chelate or chelating groups, groups 

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

and hydropbille groups. 

[0086] The term "Socc-uktion" as used herein, refers to the addition of & 

fioccularst, such as a polymer described herein, to a solution in order to remove one or 

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

solution at a concentration which allo ws for spontaneous formation of insoluble 

aggregates which can be removed from solution via typical solid-liquid separation 

methods. 

(.0087] The term "composition," "solution" or "sample," as used herein, refers 

to a mixture of a target molecule or a desired product to be puri fied using one or more 

stimulus responsi ve polymers described herein, along with one or more undesirable 

entities or impurities. In some embodiments, the sample comprises feedstock or cell, 

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

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

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

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

comprises a target molecule of interest which is secreted into the cell culture media. In. 

some embodiments, a sample from which a target molecule is to be purified using one 

or more stimulus responsive polymers described herein is "partially purified" prior to 
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contacting the sample with a stimulus responsive polymer. Partial purification may be 

accomplished, for example, by subjecting the sample to one or moire purification steps, 

such as, e.g., one or more non-affinity chromatography steps. The target molecule may 

he separated from one or more undesirable entities or imparities either by precipitating 

the one or more impurities o.r by precipitating the target molecule. 

(008S} In some embodiments, a stimulus responsive polymer according to the 

present invention binds to a biomolecule of interest which itself is a target molecule or 

product (e.g., a target protein or polypeptide), under a first set of conditions and 

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

of a stimulus to the sample, In other embodiments* a biomolecule of interest is a 

molecule other than a target molecule. In other words, the biomolecule of interest 

bound by a stimulus responsive polymer described herein may he a molecule 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 embodiments, a stimulus responsive 

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

cell proteins, DNA, whole cells, cellular debris, viruses, endotoxins, and/or cell culture 

additi ves, upon the addition of a stimulus,. Accordingly, a target molecule (e.g., & target 

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

precipitating the desired target molecule or by -precipitating one or more undesirable 

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

desired target molecule. 

[0089] The term "precipitate," precipitating" or "precipitation," as used herein, 

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

unbound polymer from an aqueous and/or soluble state to a non-aqueous and/or 

insoluble state. 
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[0090] The term "biomolecule of Interest," as used herein, refers to any 

molecule which is hound and precipitated by a stimulus responsive polymer described 

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

as, for example, a desired product or polypeptide of interest (e.g., an antibody ), or It can 

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

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

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

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

[0091]: The terms "target molecule," "target biomolecule," "desired target 

molecule" and "desired target biomolecule," as used interchangeable herein, generally 

refer to a polypeptide or product of interest, which is desired to he purified or separated 

from one or more undesirable entitles, e.g., one or more 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, including but not limited to, an antibody that is to be purified using a 

•stimulus responsive polymer according to the present invention. 

[0092] As used herein Interchangeably, the term "polypeptide" or "protein," 

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

some embodiments, a stimulus responsive polymer described herein is used to separate 

a protein or polypeptide from one or more undesirable entities.present in a sample along 

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

or more impurities which may he present in a sample along with the protein or 

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

responsive polymer described herein specifically binds and precipitates a. protein or 
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polypeptide of interest upon the addition of a stimulus to the sample; In other 

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

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

proteins, D.N A, viruses, whole cells, cellular debris and cell culture additives, upon the 

addition of a stimulus. 

[0093 ] in some embodiments, a protest? or polypeptide being purified, using a 

stimulus responsive polymer described herein is a mammalian protein, e.g., a 

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

include, but are not limited to, for example, renin; a growth hormone, including human 

growth hormone and bovine growth hormone; growth hormone releasing factor; 

parathyroid hormone; thyroid stimulating hormone; lipoproteins; alpha-1-antitrypsin; 

insulin A~ehain; insulin B-chain; p-romsuim; follicle stimulating hormone; calcitonin; 

luteinizing hormone; glucagon; clotting factors such as factor V1II.C, factor IX, tissue 

factor, and von WHIetsrands factor; anti-clotting factors snch as Protein €; atrial 

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

urine or tissue-type plasminogen activator (t-PA); bombesin; thrombin; hemopoietic 

growth factor; tumor necrosis factor--alpha and -beta; entephalinase; RANTES 

(regulated on activation normally T<ell expressed and secreted); human macrophage 

inflammatory protein (MOM -alphai; a serum albumin such as human serum albumin; 

Muellerian-iuhibiting substance; relaxin A-chain; relaxin B-ehain; -p.rorel.axin; mouse 

gonadotropin-assoeiated peptide; a microbial protein, such as heta-iaetamase; Dnase; 

IgE; a cytotoxic T-lymphocyte associated antigen (CTtA), such as CTLA-4; inhibit*; 

activity vascular endothelial growth factor (YEGF); receptors for .hormones or growth 

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

neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3,. NT-4, NT-5, or NT-6), 
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or a nerve growth factor such as NGF-&; platelet-derived growth factor (PDGF); 

fibroblast growth factor such as cu-FGF and $-PGF; epidermal growth factor (EGP); 

transforming growtfc factor (TGF) such as TGF-alpha and 'TGP-teta. including TGF-

.#1, TGF-/S2, TQF-$3, TGF$4, or TGF-^5; insulin-like growth feetor~i and -II (lOF-I 

and 1GF--H); des(I~3)-IGF-I (brain K3P-1), insulin-like growth factor binding proteins 

(IGfBPs); CD proteins such as ClXi CD4, CDS, CDl 9 CD20, CD34, and CI>4§; 

erythropoietin; osteoinductive factors; imrannotoxms: a bone morphogenetic protein 

(BMP); an interferon sucb as interferon-Mpha, -beta, and -gamma; colony stimulating 

factors (CSFs), e.g„ M-CSF, GM-CSF, and G-CSP; interleukins (B§), e.g., IL4 to IL-

10;-superoxide chsmutsse; T-eell receptors; surface membrane proteins;; decay 

accelerating factor; viral antigen $«ch as, for example, a portion of the AIDS envelope; 

transportproteins; homing receptors; addressins; regulatory proteins; integrins.sucb as 

CDl la, GDI lb, CDl 1c, CD18, anfCAM, VtA-4 and VCAM; a tumor associated 

antigen such-as H.ER2, HERS or RER4 receptor; and fragments and/or variants of any 

of the above-listed polypeptides. 

[0094] Further, in some embodiments, a protein or polypeptide purified using 

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

or variant thereof. la some embodiments* a protein of interest is a recombinant protein 

containing an Fc region of an imimmoglobalin, 

f00953 The term 'innnunoglobuha, " "If1 Of "antibody'5 (used interchangeably 

herein) refers to a protein having a basic fcmr-poiypeptlde chain structure 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 term "single-

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

to a protein having a two~poiypeptkie chain structure consisting of a heavy and a fight 
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chain, said chains being stabilised, for example, by interchain peptide Isnkers, which 

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

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

3 to 4 peptide loops) stabilised, for example, by p-pleafed sheet and/or intraehain 

disulfide bond. "Domains are further referred to herein as ''constant" or "variable", 

based o.u the relative 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 ease of a "variable"- domain. A ntibody or 

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

polypeptide "regions". The "constant" domains of antibody light chains are referred to 

interchangeably as "light chain constant regions", light chain constant domains", XL" 

regions or XL" domains. The "constant" domains of antibody heavy chains are 

referred to interchangeably as "heavy chain constant regions", "heavy chain constant 

domains", "GIF regions or XH" domains. The "variable" domains -of antibody light 

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

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

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

legions", "heavy chain variable domains", "YR" regions or "YR" domains. 

[0096] Immunoglobulins of antibodies may be monoclonal or polyclonal and 

may exist in monomeric or polymeric form, lot example, IgM antibodies which exist in 

pentameric form and/or IgA antibodies which exist in monomeric, dimerie or 

mnltimeric form, Immunoglobulins or antibodies may also include multispecifie 

antibodies (e.g., hispeeific antibodies), and antibody fragments so long as they retain, or 

are modified to comprise, a ligand-specifk binding domain, The term "fragment" 

refers to a part or portion of an antibody or antibody chain comprising fewer amino acid 
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residues than an intact or complete antibody or antibody chain. Fragments can be 

obtained via chemical or enzymatic treatment of an intact or complete antibody or 

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

produced recombimmtly, fragments may be expressed dorse or as part of a larger 

protein called a fusion protein. Exemplary fragments include Fab, Fsb\ ,F(ah')2» Fc 

and/or Fv fragments. Exemplary fusion proteins include Fc fusion proteins. 

{'009?] Generally, an.immunoglobulin or antibody is directed against an 

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

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

can result in a therapeutic benefit m feat mammal. However, antibodies directed 

against nonpolypeptide antigens (such as tumor-associated glyeolipid antigens; see U.S. 

Fat, No, 5,091 J 78} are also contemplated. Where the antigen is a polypeptide, it may 

be a transmembrane molecule (e.g. receptor) or & iigand such as a growth factor. 

>00981 The term "monoclonal antibody" as used herein refers to an antibody 

obtained from a population of substantially homogeneous antibodies, ie„ the individual 

antibodies comprising the population arc identical except for possible natxailly 

occurring mutations thai may be-present in minor amounts. Monoclonal antibodies axe 

highly specific, being directed against a single antigenic site. Furthermore, in contrast 

to conventional (polyclonal) antibody preparations which typically include different 

antibodies directed against different determinants (epitopes), each monoclonal antibody 

is directed against a single determinant on the antigen. The modifier "monoclonal" 

indicates the character of the 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 nsed in accordance with the present invention may he made by the 
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hybridoma method first described by Kobier et aif Nature 256:495 (1975), or may he 

made by -recombinant DNA methods (see, e.g., U.S. Pat No, 4,816,567), "Monoclonal 

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

described in Clac'kson si a'l., Nature 352:624-628 (1991) and Marks et a!., J, Mol. Biol. 

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

|0099] Monoclonal antibodies may further include "chimeric" antibodies 

(immunoglobulins) In which a portion, of the hea vy and/or light chain is identical with 

or'homologous to corresponding sequences in antibodies derived from a particular 

species or belonging to a particular antibody class or subclass, while the remainder of 

the chai«(s) is identical with or homologous to corresponding sequences in antibodies 

derived from another species or belonging to another antibody class or subclass, as well 

as fragments of such antibodies, so long as they exhibit the desired biological acti vity 

(U.S. Pat. No. 4J 16,567; and Morrison et al, Proe, Natl, Acad, Sci, USA 81:6851 -68SS 

(1984)). 

[00100] The term "hyperv&ria'ble region' when used herein refers to the amino 

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

hypervariable region comprises amino acid residues from a "complementarity 

determining region" or "CDR" (i.e. residues 24-34 (LI), 50-56 (L2) and 89-97 (1,3) in 

the light chain variable domain and 31-35 (Hi), 50-65 (H2) and 95-102 (3B3) m the 

heavy chain variable domain; Kabat et al., Sequences of Proteins of Immunological 

Interest, 5s" Ed. Public Health Service, National Institutes of Health, Bethesda, Md. 

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

52 CL2) a«d 91 -96 (1,3) in the light chain variable domain and 26-32 (HI), 53-55 (M2) 

and 96-101 (H3) in the heavy chain variable domain; Chothia and tesk J. Mol. Biol, 
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196:901-91? (1.987)), "Framework" or "FR" residues are- those variable'domain 

•residues other than the hypervariable region residues as herein defined, 

1001011 "Flnman&ed" forms of .non-human (e.g., murine) antibodies are 

chimeric antibodies which contain minimal sequence derived from turn-human 

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

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

bv hypervariable region residues from a non-haman species (donor antibody) such as 

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

capacity. In some instances, Fv framework region (FR) residues of the human 

immunoglobulin are replaced by corresponding non-human residues. Furthermore, 

humanized antibodies may comprise residues which are not found In (he recipient 

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

antibody performance, In general, (he humanized antibody will comprise substantially 

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

of the hypervariable loops correspond to those of a non-human immunoglobulin and all 

or substantially all of the FE regions are those of a human immunoglobulin sequence. 

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

immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For 

further details, see Jones et ai. Nature 321:522-525 (1986); Riechmann et ah, Nature 

332:323-329 (1988); and Presta, Curt. Op. Struct. Biol '2:593-596 (1992}. 

|OO102] In some embodiments, an antibody which is separated or purified using 

a stimulus responsive polymer according to the present invention, is a therapeutic 

antibody. Exemplary therapeutic antibodies include, for example, trasnmsmab 

(H.RRCEP1W**, Genentech, Inc., Carteret al (1992) Proe. Natl. Acad, Sci. USA, 

89:4285-4289; U.S. Fat, No, 5,725,85b); anti-CD20 antibodies such as chimeric ami-
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CD20 "C2BS" U.S. Fat, No, 5,736,137); ritaximab (RITUXAN^), ocrelmnnab, a. 

chimeric or humaaized variant of the 2H? andhody (O.S, Pat No, 5,721,108; WO 

04/056312) or tositumpmab (BEXXAR. ™); anti4L~8 (St John et al (1993) Chest, 

103:932, and WO 95/23865); anti-VEGF antibodies including humanized and/or 

affinity matami anti-VEGF antibodies such as the humanized anti-VBGF antibody 

kuA4.6J hevaeizumab (AVAST1N™, Gesenteek inc., Km et al (1992) Growth 

Factors 7:53-64, WO 96/30046, WO 98/45331); anti-PSCA anybodies (WO 01/40309); 

&uti-CD40 antibodies, Including $2C6 and humanized variants thereof ( WO 00/75348); 

anti~€Di la (U.S. Pat, No, 5,622,700; WO 98/23761; Steppe et al (1991) Transplant 

Intl. 4:3-7; Hourrnant et a! (1994) Transplantation 58:377-380); aMi-lgE (Presta et al 

(1.993) I, Immunol. 151:2623-2632; WO 95/19181); anti~CDl8 (U.S. Pat No. 

5,622,700; WO 97/26912); anti-IgB, including E2S, E26 and E27 (U.S. Pat. No. 

5,714,338; U.S. Fat. No. 5,091,313; WO 93/04173; U.S. Fat, No, 5,714,338); mii-Apo-

2 receptor antibody (WO 98/51.793); ants-INT-alpha antibodies including cA2 

(REM1CAOE™), CDP571 and MAK-195 (US. Pat. No. 5,672,347; Lorctis et a! (1996) 

J. Immunol 156(4): 1646-1653; Dhainautei al (1995) Crit Care Med. 23(9); 1461-

1469); a»ti-Tissue Factor (TF) (BP 0 420 937 Bl); anti-human alpha 4 beta 7 itttegtm 

(WO 98/06248); anti-EGFR, chimeriml or 'humanized 225 antibody (WO 96/4021.0); 

sati-CD3 antibodies such as OKT3 (U.S. Fat No. 4,515,893); antl-CD2S or anti-iac 

antibodies such as CHI-621 SIMULECT™ and 21NAPAX™ (U.S. Pat, No. 

5,693,762); anti«CB4 antibodies such as the cM-7412 antibody (Choy et al. (1996) 

Arthritis Rheum 39(I.):52-S6); ami-CDS2 antibodies such as CAMPATH-1H 

(Riechmann et al (i 988) Natsre 332:323-337); anti-Fc receptor antibodies such as the 

M22 antibody directed against Fc gamma R1 as in Grasiano et al (1995) J, Immunol. 

I S5(10};4996-S002; anti-care inoembryonic antigen (CEA) antibodies such as h.MN-14 
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(Sharkey et al (1995) Cancer Res. 55(23Sapp 1): 593Ss-S945s; antibodies directed 

against breast epithelial cells including .huBrE-3, hu-Mc 3 and C1IL6 {Ceriani et si 

(1995} Cancer Res. 55(23):5852s~5S56s; and Riehman et a! {1995} Cancer Res. 55(23 

Snpp): 59!ds-5920§); antibodies that bind to colon carcinoma .cells such as €242 

(Litton et a). (1996) Eur J, Immunol. 26(1): 1,-9); anti~CD38 antibodies, e.g. AT 13/5 

(Ellis et al (1995) j, Immnnol. 155(2}:925-937); «n!i-CD33 antibodies s«chas Hu MIPS 

(Jurcie et si (1995) Cancer Res 55(23 Suppl):S908s-5910s and CMA-676 or CDP771; 

aa.ti-CD22 antibodies such as L.L2 or LymphoCide (juweid et al (1995} Cancer Res 

55(23 Snpp!):S899s-S90?s); anti-EpCAM antibodies such as 17-1A (PANOREX™); 

anti-GpHb/OIa antibodies such as abemsnab or e7E3 Fab (REOPRO™); anti-RSV 

antibodies such as MEDL493 (SYMAG1S™}; anti-CMV antibodies -such as 

PROTOVIR™); anti-HIV antibodies such as PR0542; anti-hepatitis antibodies such as 

die anti-Hep 8 antibody OSTAVIR™); and~CA 125 antibody OvaRex; arni-idiotypse 

GD3 epitope antibody REC2; anti-alpha v beta3 antibody VITAX3N™; anti-human 

renal cell carcinoma antibody such as ch-G250; ING-1; anti-human 17-1A antibody 

(3622W94); anti-human colorectal tumor antibody (A33}; anti-human melanoma 

antibody K24 directed against GD3 ganglioside; anti-human squamous-cefl carcinoma 

(SP-25); and anti-human leukocyte antigen (HLA) antibodies such as Smart 1I>10 and 

the an.ti-HLA DR antibody Oncolyrn (LyrnT), 

[00103] The terms "contaminant," "impurity./5 and "debris/* as used 

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

biological macromolecule such as a DNA, an RNA, one or more host cell proteins 

(lICPs or CMOPs), endotoxins, viruses, lipids and one or more additives which may be 

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

being separated from one or more of the foreign or objectionable molecules 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 precipitates a 

protein or polypeptide of interest from a. sample containing the protein, or polypeptide of 

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

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

separate the polypeptide or protein of interest from on© or more impurities. 

[001.04] The terms "Chinese hamster ovary cell protein" and "CHOP," as used 

interchangeably herein, refer to a mixture- of host cell, proteins ("HCFj derived from a 

Chinese hamster ovary ("CHO") cell culture. The HCF 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 interest (e.g., an antibody or irnrnunoadhesin 

expressed in a CHO ceil). Generally, the amount of CHOP present 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 .mutate. 

[00105] It is understood that where the host cell is another mammalian cell. 

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

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

[00106] The term "cell .culture additive," as used herein, refers to a molecak 

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

facilitate or improve the cel.! culture or fermentation process, In some embodiments 

according to the present invention, a'stimulus responsive polymer, as described herein, 

binds and precipitates one or more eel! culture additives. Exemplary cell culture 

additives include anti-foam agents, antibiotics, dyes and nutrients.. 
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[00107] The term Mparts per million" or "ppm," as used interchangeably herein, 

re fe rs to a .measure of purity of a desired target molecule (e.g., a target protein or 

antibody) purified using a stimulus responsive polymer described herein. Accordingly, 

this measure can be used either to gauge the amount of a target molecule present after 

the purification process or to gauge the amount of an undented entity. In some 

embod iments, the units "ppm" are used herein to refer to the amount of an impurity in a 

solution, e.g.. HCP or CHOP, in nanograms/milliliter 'of protein of interest in 

milligrams/miililiter (i,e,, CHOP ppm.::i(CHOP ng/miy(protein of interest mg/ml). 

When the proteins are dried (e.g., fey lyophili&aiion), ppm refers to (CHOP r>:g)/(protem 

o f interest mg}}. 

100.108j The terms "isolating" "punlying" and " separating," are used 

interchangeably herein, in the context of purifying a target molecule (e.g., a polypeptide 

or protein of interest) from a composition or sample comprising the target molecule and 

one or more impurities, using a stimulus responsive polymer described herein. In some 

embodiments, the degree- of purity of the target molecule in a sample is increased by 

.removing (completely or partially) one or more impurities ft»m the sample by using a 

stimulus responsive polymer, as described herein,. In another embodiment, the degree 

of purity of the. target molecule hi a sample is Increased by precipitating the target 

molecule away trots one or more impurities in the sample. 

f00109] In some embodiments, a purification process additionally employs one 

or more "chromatography steps." Typically, these steps may be carried out. If 

necessary, after the separation of a target molecule from one or more nodes ired entities 

using a stimulus responsive polymer according to the present invention. 

[00110] In-some embodiments, a "purification step" to isolate, separate or 

purify a polypeptide or protein of interest using a stimulus responsive polymer 
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described herein, may be pari of an overall purification process resulting :n a 

"homogeneous5' or "pure" composition or sample, which term is used herem to refer to 

a composition or sample comprising less than 100 ppm HCF in a composition 

comprising the protein of interest,, alternatively less than 90 ppm, less than SO ppm, less 

than 70 ppm, less than 60 ppm,. less than 50 ppm, less than 40 pp«i„ less than 30 ppm., 

less than 20'ppm, less than 10 ppm, less than 5 ppm,. or less than 3 ppm Of HCP, 

1001.111 The terns "clarification step," as used herein, generally refers to one or 

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

comprises removal of cells .and/or cellular debris using one or more steps including-any 

of the following alone or various combinations thereof. e.g„ eentrifegaikm and -depth 

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

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

step involving capture of fee desired target molecule, Another key aspect of 

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

la ter on result in the foul ing of a sterile filter in a purification process, thereby making 

the overall purification process more economical In some embodiments, the present 

invention, provides an improvement over the conventional clarification steps commonly 

used in various purification schemes, as demonstrated by reduced turbidity/impurities 

and higher throughput of downstream filters, described in the Examples he rein. 

[00112] The term "chromatography/ as used herein, refers to any kind of 

technique which separates an a.nalyte 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 differences in rates at which the individual molecules of the 

mix ture migrate through a stationary m edium under the influence of a moving phase, or 

in bind and eiute processes. 
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[0011. 3 ] 'The term "chromatography resin" or "chromatography media" are used 

interchangeably herein and refer to afty kind of phase (e.g.. a solid, phase) which 

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

& mixture. Usually, (he 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 solid phase under the influence of a moving phase, 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 monoliths. 

[00! 14] The term "capture step" as used herein, generally refers to a method 

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

chromatography resin, which results in a solid phase containing a precipitate of the 

target molecule and the -polymer or resin. Typically, the target molecule is 

subsequently recovered .using an elation step* which removes the target molecule from 

the solid phase, thereby resulting in the separa tion of the target molecule .from one or 

more impurities. In various embodiments, the capture step can be conducted using a 

chromatography media, such as a resin, membrane or monolith, or a polymer, such as a 

stimulus responsive polymer, poly else tolyte or polymer which binds the target 

molecule. 

(00115} The term "salt," as used herein, refers to a compound formed by the 

interaction of an acid and a base. Various sal ts which may be used in various butlers 

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

sodium acetate), citrate (e,g.s sodium citrate), chloride (e.g., sodium chloride), sulphate 

(e.g., sodium sulphate), or a potassium salt. 
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[0011,6] The term "multivalent salt" or "multivalent son," as used 

mierehangeably teem, refers to a compound which, contains more than erne charge or a 

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

which malts m changing the solu bility of a polymer responsive to the salt stimulus, 

usually re-suiting in precipitating the polymer out of solution. Exemplary multivalent 

salts which may be used include, ibr example, phosphate and sulfate. Also 

encompassed by the present invention are counter ions which may be used such as, for 

example, citrate. A multivalent salt, when used a stimulus as described herein, may be 

added as a stand alone reagent-to a sample containing a biomolecule of interest along 

wi th a stimulus responsive polymer. Alternatively, the salt may be attached to a 

substrate, e.g., a membrane. In a particular embodiment,, & membrane- is modified with 

polyvinylphospbate, which is a multivalent salt containing polymer coating, A 

multivalent ion used as a stimulus, as described herein, is considered less detrimental to 

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

[00117) In 'some, embodiments, multivalent salts are capable of interacting wit!? 

one or more entities, thereby to form an. associated species or complex, Accordingly, 

such salts may also be referred to as "complex forming salts." Non-limiting examples 

of complex forming salts and their resul tant complexes are multivalent cations such as 

Cu3' and Ca""*" and their complexes with the earboxylie acid groups found in 

eihylencdiammetetraacetate; multivalent anions such as phosphate (PO/l and citrate 

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

salts such as percMorate, dodecyl sulfate and dodecyl henzene sulfonate and their 

complexes with primary amines found in polyailylamine. 

[001 i 8] An. "ion-associating salt" is a univalent (cation or anion), bulky and 

charge-dispersed salt. In some -embodiments, an ion-associating salt is used as a 



WO 2011/146394 PCT/US2011/036648 

stimulus which results b changing the solubility of a polymer responsive to the salt 

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

associating salts which, may be used include, .for example, perehlotate, dodecyl sulfate, 

dodecyl benzene stdfotiate, telraphsnyl borate and hexanitrodipheno? amine. 

[001191 The tern* "solvent," as used herein, generally refers to a liquid 

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

solution. Solvents include aqaeous and organic solvents, where useful organic solvents 

include a non-polar solvent, ethauol, methanol isopropauob aeetonitrile, bexylene 

glycol propylene glycol, and 2,2-thiodiglyeol 

[00120] The term "pf or "isoelectric point" of a polypeptide, 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 sialic acid residues of attached carbohydrates of the polypeptide or can he 

determined by isoelectric focusing, 

[001211 This invention is further illustrated by the following examples which 

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

published patent applications cited .'throughout this application, as well as the Figures, 

are incorporated herein by reference. 

Examples 

Example J j Preffar&ttoa of tmcIariHed Noft-expressipfi' Cell Culture Fluid (CCF) 

[00122] In a representative experiment, ceils derived from a non-expressing 

Chinese Hamster Ovary (CHO) cell line were grown, in a 101, bioteactor (New 

Brunswick Scientific} to a density of I0xl0& cells/rnL and harvested at 64% viability. 

IgG was spiked to a concentration of 1,3 g/L< The level of host cell proteins (HCP) was 
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found to be B300 ng/mL using an E1.JSA (Cygnus # CMOI5). The p'M of the 

unratified cell culture was pH 7.2, 

Example 2; Synthesis of a 
baeM)oae modified wjjffi 

100123) in a representati ve experiment,, a stimulus -responsive polymer 

comprising a polyallylaroine (BzMPAA) backbone modified with a hydrophobic group 

was synthesized. A polymer comprising a cationic polyeleetrolyte backbone modified 

with a hydrophobic group was synthesized using a mixture of 10,3 g of 40% wt linear 

polyalfylsmme (MiT'fOSO, .150 kD), 2 g of lithium hydroxide and 20 in.L of 50% 

wstet/methanol, which was stirred until well mixed. A solution of 2 J mL ofbenxyl 

chloride in 15 mL of methanol was added to the polymer solution. Hie resulting 

mixture was heated at 60 aC for 14 hours. The benzyl modified polyaUylamme was 

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

incompatibility with the solvent The precipitate was washed with 30mL of acetone and 

redissolved in 400®L of IM acetic acid. The polymer w&s further purified by 

precipitation using SftmM sodium phosphate at pH 7. Figure 1 depicts a schematic of 

the .-reaction of the polyallylarmoe polyeleetxolye polymer with, a hydrophobic group, 

i.e. ? benxylehloride. 

Example 3: Pre|iaratio» of ablation of be^y;I,meclijfle<l pelya%a;m!«e 

100! 24) A 10% solution of BxMPAA. was prepared by dissolving lOg of the 

polymer from Example 2 in 90g of 1M acetic acid with continuous agitation at room 

•temperature for 1.6 hours. The resulting viscous solution was slightly hazy. 

Example 4: iMMJijerent enaceatratiOTiMh^^ 
ejicgw JMM cm 
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[00125] BzMFAA .from Example 3 was added in amounts of 0.2g, 0,3g,. 0.4g 

and O.Sg to a 5mL sample of the uneiarifled cell c ulture fluid (CCF) from Example 1. 

The samples were mixed at: room temperature for 2 minutes. Since polymer addition 

reduced the pH to a range of pH 45 to 5,5, the pfl of the mixtures were adjusted using 

2M Tris base to a pH of 7, To the resulting solution, 0,043g of potassium phosphate 

dibasic was added m order to precipitate the polymer-target molecule, cell and eel! 

debris complex. The precipitate, in the form of a dispersed solid suspension was mixed 

continuously for five minutes, The precipitate was then collected via centrifugation 

(4000 rpm for 1 minute). The supernatant from each sample was then filtered through a 

0.2um Duraporei) filter. The resulting purification is detailed in Table I below. 

P wlfjiBzMlAA 1 ^ 

[001 26; Bs?MPAA from Example 3 was added to four samples (0,4g each) 

containing 5m.L of the unolarified eel! culture fluid from Example 1, The samples were 

mixed at room temperature for 2 minutes. Since polymer addition reduced the p!l to a 

range ofpli 4.5 to 5.5, the pH of the mixtures were adjusted using 2 M Tris base toplls 

of 5,5, 6.5 7.5 and 8,5, respectively. To the resulting solution, 0,043g of potassium 

phosphate dibasic was added m order to precipitate the polymer-target, molecule, cell 

and cell debris complex . The precipitate, which was .in the fottn of a dispersed solid-

suspension, was mixed continuously for five minutes. The precipitate was then 

collected via eentrifogatiors. (4000 rpm for 1 minute). The supernatant from each 

sample was then filtered through a 0,2um Durapore® filter. The resulting purification 

is detailed in Table I below, which describes BxMPAA purification of spiked non-

expressing CHO CCF, 

Table 1, 
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Polymer 
Co»€eafrstio» 

(wi%) m 
IgG Recovery 

(%) 
HCP Removal 

(%) 
!>!SfA Removal 

(LRV) 

0 4 97 6.3 | 2.7 
0 6 7 92 §2 1 2,8 
0,8. •*: 86 83 | 2,7 
1,0 7 • •' 85 f 2,7 
0,8 S3 95 83 | 1,0 
0-8 6,5 86 91. 2,9 
6.8 7,5 90 86 2,1 
6,8 83 95 | 62 2.9 

Sample 6: Assaviag for tin- purity levels respiting from the urnM1MMAin 
HiJlsoiMmel££E 

[001271 Samples from Example 4 and Example 5 were assayed for IgG 

recovery using an affinity Protem A analytical HPLC assay< The level of IgG in 

solution was alternati vely measured using an analytical Protein A column, Specifically, 

a'Poros A/20 Protein A cokmn (Applied Biosystems) was equilibrated with PBS. 

elated wsth 0,1 M lysine (pH 2} and cleaned with 6M guanidine HQ. An. IgG standard 

curve was created using a series of varying injection volumes of polyclonal IgG 

(Serscare). Samples were injected and IgG concentrations determined from the standard 

curve. 

[00128] Samples from Example 4 ami Example 5 were assayed for host cell 

proteins (HCF) using a commercial enzyme-linked, immunosorbent assay (ELISA) kit 

(Cygmts Technologies Inc., Seuthpott, N.C., Cygsius # CM0.15). Samples from 

.Example 4 and Example 5 were also assayed for DN A sssing a standard pi.co green 

assay and Herring sperm DMA m a standard. 

Example 7: Preparation of imclarijed Cel Caltare Fluid (CCW) 

[00129) Cells derived ftom an expressing Chinese Hamster Ovary (CHO 

DG44) cell line were grown m a 101. bioreactor (New Brunswick Scientific) to a 
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density of! 0x10* cells/ntL sad harvested at 30% viability. Monoclonal an.fi.hody 

(MAb) titer was determined to be 0 J g/L. The level of host cell proteins (HCP) was 

found to be 200,000 »g%nL using m EIISA assay (Cygnus # 3(3 ELISA). The pH of 

the unciariiied cell culture was pM 6.9. 

Example 8: Sywgg&gfaHgf2(^^ 

[00130] 10g ofpolyallykmine (PAA) (Nitlobo, i 50 kD; 40% wt./wt.) was 

placed in. a 100 mL round bottom flask and a solution of 3 ,34g of sodium hydroxide 

(1.2 Bc|. per monomer) in 2SmL !i>0 was added in small amounts at room temperature 

under magnetic stirring. The benzyl chloride (1,38g, 1,25mL) was then added at on.ce, 

stirred for lew minutes at mom temperature then heated to 60"C 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 aqueous AcOH solution (40mL) until complete 

solubilization is achieved. The solution was then diluted with HjO to a .final volume of 

4O0m'L (!% polymer solution), potassium dibasic phosphate (KgHP04J (3,48g) was 

added under stirring and pH of the solution was adjusted to about; 6.8 to precipitate the 

.modified polymer. The polymer was collected by filtration over a frilled funnel and 

finally dried o vernight in a vacuum oven overnight at S0~60aC, 

Example 9: Synthesis of 40% hmis l modified palyailylamlae f.B%MjPAA.) 

100131] I0g of polyallylarniue (PAA) (Nittoho, 150 kD; 40% wt./wt.) was 

placed in a .100 mL round bottom .flask and a solution of 3.34g of sodium hydroxide 

(1-2 Eq. per-monomer) in 25m.L ILO was added at room temperature under magnetic 

stirring and in small amounts. Benzyl chloride {2.30g, 2,09mL} was then added, stirred 

for few minutes at room temperature and then heated to 6(fC overnight for 17 hours. 
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The reaction was then cooled to room temperature and solvent is removed resulting m 

polymer precipitation. The precipitated polymer was washed with water and stirred in 

1M aqueous AeOH solution (40mL) until complete solubilization is achieved. The 

solution was then diluted with H^O to a .final volume of 4G0rnI. (1% polymer solution), 

potassium dibasic phosphate (Kj.MF04) (3,48g) is added under stirring and pH of the 

solution was adjusted. to pH 6,8 to precipitate the modified polymer. The polymer was 

collected, by filtration over a fritted funnel and finally dried overnight in a -vacuum even 

overnight- at 50~60aC 

Example 10: Synthesis of 60% benzyl modified mshalhimuim (BaMPAA) 

[00132) .10g ofpolyallylamme (FAA) (NlTfOBO, 150 k.D; 40% wt,/wt,) was 

placed m a 100 mL round bottom flask and a. solution of 3.34g of sodium .hydroxide 

{i ,2 Eq, per monomer) in 25mL HsQ was added at room temperature under magnetic 

stirring and in small amounts. Benzyl chloride (3.23g» 2.94mL) was then added and 

stirred for few minutes at room temperature and subsequently heated to 60*0 overnight 

for I ? hours. The reaction was then cooled to room temperature and solvent was 

removed. The precipitated polymer was xvashed with water then stirred in 1.M aqueous 

AcOIi solution (40ffiL) -until complete solubilization is achieved. The solution was 

then diluted with HjO to a final volume of 400ml, (1% polymer solution), potassium 

dibasic phosphate (KjHP04) (3,4%) is added under -stirring and pH of the solution was 

adjusted to pB 6.8 to precipitate the modified polymer. The polymer was collected, by 

filtration over a fritted funnel and finally dried overnight in a vacuum oven overnight at 

so-erc, 
Example Lit Synthesis of dtohenvl modified oolvallvlamlne (PFkMPAA) 
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(001.33J l.n an ex&mphry experiment, a polyeleetrolyte polymer backbone, 

polyallyisBvine, was modified with a diphenyl group. Briefly,, lOg of polyally famine 

(PAA) (Niifobes, 150 kD; 40% wt/wt.) was placed in a 100 ml round bottom flask and 

a solution of 3,34g of sodium hydroxide (12 Eq, per monomer) in 2SmL HjG is added 

at room temperature under magnetic stirring in small amounts. Hie chlotxKlipheny'f 

methane <3.68g, 3»23mL) was subsequently added, stirred for few minutes at room 

temperature then .heated to 6(f€ overnight for 17 hours. The reaction was subsequently 

allo wed to coo! to room temperature and the solvent was removed. The precipitated 

polymer was washed with water and stirred in ! M aqueous AcOH solution (40tsL). 

The remaining white solid, generated by hydrolysis of the dipheuyl chlaromethane, was 

filtered out The solution, was subsequently diluted with HjO to a .final volume of 

400mL (1% polymer solution), potassium dibasic phosphate (K2HKM) (3.48g) was 

added under stirring and pH of fee solution is adjusted to pil 6.8 to precipitate- the 

modified polymer. The polymer was collected by -filtration over a fritted ftanei and 

finally dried overnight in a vacuum overs overnight at 30--MTC. 

Example It; Svafbe-sls of 6% dkhiurobei^yl mmUimd pplyallyfemiae fPCIBzMPAA) 

[00134] In another experiment, lOg of polyallylamine (PAA) (NITTOBO, 150 

kD; 40% wt./wt.), was placed In a 100ml round bottom flask and a solution of 3.34g of 

sodium hydroxide (1,2 Eq. per monomer) in 25mL of HjO is added at room temperature 

under magnetic stirring and in small amounts, .3,4-Dieh.lorobeny.yi chloride (t.71g> 

12h»L) was subsequently .added and the mixture stirred at room temperature oversight 

tor 17 hours. The reaction mixture was subsequently diluted with 100ml of H-A after 

which pH is adjusted to neutral (pB 7,0) with phosphoric acid. The precipitated 

polymer was filtered out, washed wife llO and dried in a vacuum oven overnight at 
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6Cf'C. The polymer was collected by filtration aver a fritted fuaraal and finally dried 

overnight in a vacuum overt overnight at 50-60"C. 

Example 13: Synthesis of 10% dklilorgbeaM.^IP^ 

(00-135] in another representative experiment, 10% diehlorobcnxyl modified 

potyalfylsmine was synthesteed as follows, 5g polyallylamme (PAA) (NITTOBO, 150 

kD; 40% wt/wt,) was placed in a 100 mL round bottom 'flask and a solution of 1 ,68g of 

sodium hydroxide (12 Eq. per monomer) in 40tnL 50/50 HjO/1,2 dimethoxyefhane 

(DME) was added at room temperature a»der magnetic stirring and in small amounts. 

3,4-diehlorobenzyl chloride (0,5?gs 0,40ml.) was subsequently added, stirred for tew 

minutes at room temperature and then heated to 60"C overnight for 21 hours,. The 

reaction was subsequently allowed to cool to room temperature, DME was removed 

under vacuum at 60--?0:>C and then the remaining solvent is removed. The precipitated 

polymer was washed with water and then stirred in IM aqtseows AcOH solution. (20mL) 

until complete solubilization is achieved. The solution was then diluted with H;0 to a 

final volume oflOOmL (1% polymer solution}, potassium dibasic phosphate (K;;HP04) 

{1.74g) was added under Stirling and pll of the solution was adjusted to pH 6,S to 

precipitate the modified polymer. The polymer was collected by filtration over a fritted 

funnel and finally dried overnight in a vacuum oven-at 50-60'T.'. 

Example 14: S^j&esIsM 33% cMoy#eiQ;I modified polyallytemnyDO^ 

(0013(i f In another representative experiment, a 33% cMorobeaxyl modified 

poiya.llykm.ine was synthesized as follows, Sg poivallyl&mine (PAA) {NIITOBO, i 50 

kD; 40% wt./wt,} was placed in a 100 ml, round-bottom flask and a solution of 3.34g of 

sodium hydroxide (1.2 Eq. per monomer) in 40mL 50/50 HjO/hS- dimethoxycthane 

(DME) was added at room temperature under magnetic stirring and in. small amounts. 
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4-chIo?ol>e«zy! chloride (1 .48g) was subsequently added, stirred, for few minutes at 

room temperature and then tested to 60"C overnight for 21 hours. The next day, DME 

was evaporated under vacuum at 60-70X and the -remaining solvent was separated from 

the precipitated polymer. This latter was washed with water then stirred in IM aqueous 

AcOH solution (20rul,j until complete solubilization is achieved. The solution was 

subsequently diluted with 1'bO to a final volume of200mL (i% polymer solution), 

potassium dibasic phospha te (K3.HPO4) (L74g) was added under stirring and pH of the 

solution is adjusted to p.H 7 to precipitate the purified. polymer. The polymer was 

collected by filtration over a fritted funnel and finally dried overnight in a. vacuum at 

5() •()(}%'. 

Example 15: Synthesis of 13% nheavf-heugvl modified golvaifylamiafc {PCIIkMF 

[00137] Is another experiment: 13% p.heny]-hen&y! modified -polyallylamme 

was synthesized as follows, 4.7g of polyallylamme (PAA) (Nittobo, 150 kD; 40% 

wi/wi) was placed In » 100 mL round .bottom flask and a solution of 3.34g of sodium 

hydroxide (1.2 Eq, per monomer) in 40mL 50/50 HjO/1,2 dinteihoxyethane (DME) 

was added at room temperature under magnetic stirring and in small amounts. 4-

phenylbenzy! chloride (Ig) was then added and the mixture heated overnight at 55°C 

for 2t) hours. The reaction was subsequently allowed to coo? to room temperature, 

DME was removed under vacuum at 60'7(FC and the remaining solvent was -removed 

from the precipitated' polymer. litis latter was washed with water then stirred m 1M 

aqueous AcOH solution (40mL) overnight to complete the solubilization. The solution 

was subsequently diluted with H?C> to a final volume of 200ml, (1% polymer solution), 

potassium dibasic phosphate (K^HPQ*) (S ,74g) was added under stirring and p.R 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 fritted funnel and .finally dried overnight in. a 

vacuum at 50-CK}G€. 

Example 16: jPWP** 

was synthesized as follows. 2.8g polyailylamine (PAA) (Nittobo, 150 kD; 40% wt./wt.) 

was placed in a 100 mL round bottom flask, and a solution of 3 J4g of sodium 

'hydroxide (1,2 .Eq. per monomer) in 24m.L 50/50 H?0/l ,2 dimethoxyethane (DME) 

was added at room temperature under magnetic stirring and in small amounts, 4-

phenylbenzyl chloride (Ig) was subsequently added and the mixture was heated at 55"€ 

overnight for 20 hours. The reaction was subsequently allowed to cool to room 

temperature, DME was removed under vacuum at 60-?0°C and the remaining solvent 

was removed from the precipitated polymer. This latter was washed with water then 

stirred in 1M aqueous AcOH solution (3.2mL> and stirred overnight to complete the 

solubilization. The solution was subsequently diluted with HjO to a final volume of 

200ml, (1% polymer solution), potassium dibasic phosphate (K2HFQ4) (l,74g) was 

added under stirring and pH of the solution was adjusted to pH 7,0 to precipitate the 

purified polymer. The polymer was collected by filtration over a fritted funnel and 

finally dried overnight in a vacuum at 5CM>0°C, 

Example 17: Clarification of CCF with different polymer concentrations 

[00.139] In an exemplary experiment, stimulus responsive polymers, described 

above in Examples 846, were evaluated for clarification of CCF< preparation of which 

is described above in Example 7. A polymer solution from Examples 8-16 was added 

in amounts of 0,2g, (Og, 0.4g and 0.5g to a 5mL sample of the unelarified cell culture 

fluid. The samples were mixed at room temperature for 2 minutes. Since polymer 

[00138] In another experiment, 27% phenyl-benzyl modified poiyallylamme 
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•addition reduced & pH to a range ofpW 4.5 to 5,5, the. pH of the mixtures were 

adjusted using 2M Tris base to a pH of 7, To the resulting solution, 9,043g of 

potassium phosphate dibasic was added in order to precipitate the polymer-target 

molecule, ceil and cell debris complex. The precipitate, in the form of a dispersed solid 

suspension, was mixed eontimjousiy for five minutes. The precipitate was then 

collected via ee-ntriiugation (4000 rpm for I minute). The supernatant from each 

sample was subsequently filtered through a Q2im Durspore® filter. The resulting 

purification is detailed in Table 2, 

Example 18: Clarification of €€F with polymers at different pH 

{00140] In another experiment, a polymer solution from Examples B~ 16 was 

added to tour samples (0,4g each) confining 5mL of the undarified eel! culture -fluid,, 

as described in Example 7, live samples were mixed at room temperature for 2 

mmutes. Since -polymer addition reduced the pH to a range of pM 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, 0.043g 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 dispersed solid -suspension, was mixed continuously for 

.five minutes. The precipitate was then collected via eentrifhgMsori (4000 rpm for I 

minute), lire supernatant from each sample was subsequently filtered through a 0,2^m 

Durapore# filter. The resulting purification is described in Table 2. 

Example 19: OapficajloM of CCF using polymers responsive to different levels of 
mnimsirntim^SSM 

[00141] hi another experiment, polymers described ia Examples 8-15 were 

evaluated for the. clarification of CCF, using different amounts of multivalent ion 
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stimulus. Specifically, polymers from Examples 8-15 were added to fotsr samples (0.4g 

each) containing Sml, of fee imdaril'ied cell culture Hold, described in 'Example 7, The 

samples were mixed at room temperature 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 

range from 0.031. to 0.043g (50 to 70 mM final phosphate concentration) of potassium 

phosphate dibasic was added in order to precipitate the polymer-target molecule, cell 

and eel! debris complexes. The precipitate, in the form of a dispersed solid suspension, 

was mixed continuously for live minutes. The precipitate was subsequently collected 

via eentrifugation (4000 rpm for 1 minute), The supernatant from each sample was 

then filtered through a 0.2pm Duraporei) filter. The resulting purification is described 

in Table 2. 

Example 20; C!»rificatlPBM£gM^ 

[00142] In another experiment a commonly used floccuknt, ehitosan, was used 

for the clarification of CCF, in an attempt to generate comparati ve data. A polymer 

solution (2 wt%) was made according to the procedure describe in Riske, F, et.al; 

Journal of Biotechnology, 128 (2007) 813-823 . The polymer solution was added to 

CCF from Example 7 in varying amounts and at varying pH conditions. Mo stimulus 

was used with this polymer. The resulting purification is described in Table 2. 

Example 21: foSlowlngp^MM^M^ 

[00143) In a representative experiment, polymers described in Examples 8-16 

were assayed for IgG recovery using an affinity Protein A analytical HFLC assay. The 

level of IgG in solution was alternatively measured using an analytical Protein A 

column. A Poros A/20 Protein A column (Applied Blosystems) was equilibrated with 
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PBS, ©luted wife 0.1M lysine (pH 2} and deaaed with 6M guanidme HO. An IgG 

standard curve was created using a series of varying injection volumes of polyclonal 

IgG (Setacsire), Samples were injected and IgG concentrations determined from the 

standard curve. Samples from Examples 8-16 were assayed host cell proteins (HCF) 

using a commercial enxyme-lmketi immunosorbent assay (ELISA) kit (Cygnns 

Technologies Inc., Southport N.C., Cvgmss # 3G). Samples from Examples 8-16 were 

assayed for UNA usisg a standard pieo green assay and Herring sperm DNA as a 

standard To assess the reduction of cells and ceil debris, the turbidity was measured 

after eentTifug&tion .tor .1 minute at 4000 rpm. 

Table 2. Characterization Data for Examples 8-.16 and 20. 

Example 
Polymer 

€«.>se. 
(wl%> 

Muhivaknt 
Salt €«ac> 

(iiMS 
pH 

Turbidity 
(NTH) 

.IgG j HCF 
Rfie&very i Removal 

{%) * j (%) 

DNA 
Removal 

.1%) 
H 0.4 70 7.5 26.7 88 j 58 95. 

8 0,6 70 7,5 

C'
-i 

86 65 95 

8 0,8 62 7.5 31.4 79 72 Q7 

8 1,0 62 104 79 75 94 

8 0.8 62 8.5 7.8 71 67 95 

8 0.8 62 6,5 60.8 86 76 96 

8 0.8 62 5.5 76,5 99 76 97 

9 0.4 70 7,5 
___ 

82 83 98 

9 0.6 70 7.5 2.5 64 85 99 

9 0.8 62 7,5 2.8 6! 87 > 99 

9 1.9 62 7.5 2.8 53 88 99 

9 0J 62 8,5 7,1 79 89 > 99 

9 0.8 62 6.5 3,0 58 91 98 

9 0J 62 5,5 3.4 87 92 <n 

10 0,4 70 7.5 5.1 54 88. 95 

to 0.6 70 7,5 4,9 26 90 98 

.10 0.8 62 7,5 5.6 21 s 93 
s 

> 99 

10 1.0 62 7.5 1.9 in ! 93 
s 

>99 
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| 10 0.8 62 8,5 6.1 40 89 > 99 

10 0,8 62 6,5 5,0 54 96 > 99 

10 O.S 62 5,5 2,8 26 95 > 99 

n 0 4 70 7,5 .3.4 97 42 98 

n 9.6 ?0 7,5 i 210 61. 52 98 

n 0,8 62 7,5 478 92 56 9.9 

ii 1.0 62 7.5 474 84 

|
 

i 
; 

98 

n 0.8 62 8,5 94,2 54 65 98 

1! 0.8 62 6,5 380 88 60 97 

11 0,8 62 .15 212 99 58 97 

12 0,6 70 7.5 3.4 50 j 74 :> 99 

12 0,8 62 7,5 1,9 85 1 58 > 99 

12 1.0 r~~ 7.5 1.3 70 j 66 ; > 99 

12 0,8 62 8,5 1.4 33 81 > 99 

1.2 0.8 62 6.5 1.0 37 93 >99 

12 0,8 62 S.S 1.4 93 77 > 99 

12 0,6 50 7.5 1.7 81 85 > 99 

12 0,6 50 6.5 3,1 &7 80 > 99 

12 0.4 SO 5.5 1.6 98 66 :••• 99 

13 0.4 70 7.5 2,3 86 71 98 

13 0.6 ?0 7.5 1.9 71 73 98 

13 0.8 62 7,5 2.4 81 77 > 99 

S3 i.O 62 7.5 1.4 68 80 > 99 

13 0.8 62 8.5 1.5 60 69 > 99 

1.3 0.8 62 6.5 U 77 87 > 99 

13 0,8 62 5,5 1.3 98 90 > 99 

13 0.6 50 7.5 .1.7 78 84 >99 

13 0.6 50 6,5 3,1 39 84 > 99 

13 0.4 50 5.5 1.6 69 78 >99 i 
! 

54 0.4 70 7,5 5,4 69 91 > 99 

14 0,6 70 7.5 7.3 46 89 >99 

14 o.s 62 7,5 5.1 57 9-4 >99 

14 1.0 62 7,5 4.3 87 > 99 

14 o.s 62 8,5 2,8 4< 92 > 99 

14 0,8 f 6.5 3.7 2 9? > 99 
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14 0.8 62 5.5 8.S 7 94 > 99 

14 0,6 50 7.5 7.5 44 89 > 99 
..N 

14 0,6 50 6.5 6.S 57 96 > 99 

14 0,4 50 5,5 6.6 43 90 > 99 

15 0,4 70 7.5 3,0 93 75 > 99 

35 0.6 70 7.5 1.5 - 100 86 > 99 

15 0,8 62 7.5 2.7 91 72 > 99 

15 1,0 62 7,5 2.4 6? 91 :• 99 

1.5 0,8 62 8.5 2,5 - 100 77 > 99 

15 0 8 62 6,5 1,4 5? 87 .••• 99 

IS 0.8 62 5,5 2,0 89 90 > 99 

15 0.6 50 7,5 5.3 • 100 88 > <}:} 

IS 0,6 50 6.5 6.3 - 100 70 :> 99 

15 0,4 50 5,5 7,9 • 100 8.3 > 99 

16 0,4 ?0 9.4 85 77 > 99 

16 0.6 70 7,5 9,0 S4 9:3 > 99 

16 O.S 62 7.5 9.7 100 85 > 99 

16 1.0 62. 7,5 s 9,0 07 94 • • 99 

16 0,8 62 8.5 9.1 - 100 84 > 99 

16 o.s 62 6,5 5,6 78 94 > 99 

16 0.8 62 5.5 4,2 54 88 > 99 

U 0.6 50 7,5 7 7 S6 90 > 99 

16 0.6 SO 6,5 4,! 89 92 > 99 

S.6 0.4 50 5,5 2,6 85 89 > 99 

20 t 0 7.5 27,0 l(K) 39 30 

20 O.S 0 8,5 22.0 01 6:3 54 

20 0.8 0 6.5 16,0 70 30 34 

20 O.S 0 5,5 195.0 03 62 96 

Example 22: Synthesis of beuM moMedlHrfMlEdeiMmlftft (BaMPEI) 

[00144] In another experiment* a benzyl modified polyefhyleneimme stimulus 

responsive polymer was synthesized as follows, 10g PE! {Aldrich, 750 k.D; 50% 

wi/wt.) is placed in a 100 ml, round bottom flask and a solution of-- 3,34g of sodium, 

hydroxide (!,% Eq. per monomer) in 25mL HjO Is added at toom under 
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magnetic stirring and in small amounts. Benzyl chloride {2.30g, 2.(^>mL) is .then added, 

stirred for few minutes at room temperature and then heated overnight at 60°€ tor I ? 

.hours. The reaction is tlte» allowed to coo! to .room, temperature anil the solvent is 

removed, The precipitated polymer is washed with, water then stirred in .IM aqueous 

AcOH solution (40m'L) until complete solubilization is achieved. The solution is 

subsequently diluted with I i;jO to a final volume of4Q0mL (1% polymer solution), 

•potassium dibasic phosphate (K;HF04} (3>48g) is added under Stirring and pH of the 

solution is adjusted to. pR 6,8 to precipitate the modified polymer, The polymer is 

collected by filtration o ver a fritted fimnel and finally dried overnight in a vacuum oven 

st S0-6(fC, 

Example' 23: Syj|to||jij>en^¥l 

[00145]: 1st a representative example, a benzyl modified polyvinylamine was 

synthesized as follows, 32g of Polyfviuylamine) (PVA) hydrochloride (MW 83.500, 

Air Products and Chemicals lac,) was weighed into a glass container. Add 200ml- H^O 

and add 26g 50% NaOH and stir until well mixed. Add 23.Sg benzyl chloride and mix 

at ?0°C for 16hrs. A solid white mass separates from supernatant as the reaction 

progresses. Allow solid to settle and discard supernatant by decanting. Dissolve solid 

in 350mL of 3% Acetic .Acid overnight Add 360mL of HjO and mix for 1 &hr$ until 

solution is homogenous. .Dilute up to a 1 % w/v solution by bringing the total volume 

op to 3.21. with deionhed (Di) HjO. Add sodium phosphate to a concentration of 

SOrnM in order to initiate precipitation of the polymer. Add I'M NaOH to reach a pM of 

0,8, providing additional polymer precipitation. Filter to dry cake and discard 

supernatant. Dry solid overnight at 70VC. Dissolve in 3% acetic acid until a 

homogenous solution, is generated In order to make a 5% w/v solution, 

Example 24: *** efodfleatkm 

ss 
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[00146] Polyallyamine (PAA, Mitiobo, ISO kD; 40% wt/wi,} and the polymer 

from Example 10 (Bz-MPAA) were added to an aqueous solution to create a fmal 

polymer concentration of 0.2%wt and 0,4%, respecti vely. Potassium hydrogen 

phosphate was used as a stimulus and was added to the polymer solutions of PAA and 

Example 10 in varying amounts and the turbidity and nature of the aggregates formed 

was recorded. The results are shown in Table 3 below. 

Table 3. 

Polymer 
$th»»hts 

<*»M P»tasshsm Hytf rsgea 
Phosphate) 

TutrbldHv 
(NT!;)' 

Nature of 
Aggregate 

2.4 2,1. Clear (No V O 
PAA 4.7 3 Cleat (No Agg) 
PAA 9 35 17.9 Clear (No A.gg) 
PAA 18,7 41.2 Turbid 
PAA 37.5 152 Turbid 
PAA 75 764 Milky / Opaque 
PAA S 50 760 Milky'' Opaque 

Example 10 
I'BzMPAA) 2,4 1. Clear (No Agg) 

Example 10 
(BaMPAA) 4.7 "J 

vv Clear {No Agg) 

Example 10 
(BsMPAA) 9.35 4 Clear {No Agg) 

Example 10 
(BjfMPAA) 18.7 9 Clear (No Agg) 

Example 10 
(BxMPAA) 37.5 2E Clear (No Agg) 

Example 10 
(BzMPAA) 75 230 Large Aggregates 

Example 10 
(BKMPAA) ISO 231 Large Aggregate* 

im&ence of"a Vtirnul n% 

[00147] Unmodified polymers polyallyamine (PAA, Nhtobo* 150 kD; 40% 

wt./wt), polyetfcylenenmne (PHI, AMric-h, 750 kD; 50%wt./wt)» polyvinyl amine 

(Poly{vtnykmine) (PVA) hydrochloride, MW 83,500, Air Products &ad Chemicals fee.) 
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and the modified polymers from Examples If) (Bx-MPAA), Example 2.2 (BxMPEJ) and 

Example 23 (BssMPYA) were added to m aqueous solution to create a final polymer 

concentration of 0,2% and 0.4% by weight, respectively, Potassium hydrogen 

phosphate (1 SOroM) was used as s -stimulus and was added, to each of 0.4% polymer 

solutions and fee turbidity and nature of the aggregates formed was recorded. The 

results are shown hi Table 4, 

Table 4 

Polymer 

StSm«I»s 
(Futmsium 
iiydmgen 

Phosphate) 

Tsirbiddy 
b»f«re 

Stimulus 
(NTIS) 

Turtndity 
after 

SdmulKS 
(NTO) 

Nature <>t 
Aggregate 

after 
Stimulus 

Turbidity 
after 

Centrifuge 
(NTU)~ 

PAA 1.50 roM O.S > 1000 Milky 348 
PE1 150 mM 2,9 > 1000 Milky > "1000 
PVA 150 mM 0.5 > 1000 Milky 233 

Example 9 
(BzMPAA) j 50 mM 1,9 > 1000 large 

.Aggregates 9.6 

Example IS 
(BxMPEl] 150 mM 5.1 

> 1000 Milky with 
Earge 

Aggregates 
3SS 

Example 19 
(BxMFVA) ISO mM 3.2 

> 1000 Large 
Aggress 12.7 

EmmpU1.26: SyMhesk of heoaafe.MM *»*d modified 
{H€»t-B«MFAA) 

[00148] 3.49 g of d-broroobesanoie acid was dissolved in a solution comprising 

10 ml of 40 wl% linear polymer "poly(allyla.mine}i 150 kda, NITTOBQ) and 30 ml 

sodium hydroxide (.IM), The mixture was reacted for 18 "hrs at T™50*€ and the product 

was precipitated as a hydrated gel The precipitate was dissolved in 100 mg/rnl lithium 

hydroxide solution and .mixed with 10 nil methanol containing 2.5 ml of tert-foistyl 

glyeidyl ether. The mixture was subsequently reacted for IS hrs at T™S0*C. The 

polymer solution was purified by extensive dialysis (3 days) against deionked (Dl) 

water using 3,5 kda molecular weight cutoff dialysis ashing. The final concentration of 
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the polymer solution was 7.2 wf%, 

below in Figure 2, 

PCT/US2011/036648 

A schematic of the synthesis ruction is shown 

Example 27: E0ee| 

100 \ 49] 600 f.t! of HC«t~BuMPAA from Example 26 was added to 10 ml of 25 

mM. Sodium phosphate containing 110.15 or O.S M sodium chloride. Final pH of the 

soiirtson was 11,6. The solution was titrated with 3M acetic acid, and the turbidity of 

the solution, was recorded after each addition. As depicted in Figure 3, by adding 

sodium, chloride in addition to sodium phosphate, a change m pH responsiveness, ai 

which the phase .transition occurs, was observed. 

(00150] In a.representative experiment, isnelanffed CCF was clarified using a 

•polymer according to the present invention as follows.. 178, 356. or 534 pi of MC4-

BuMPAA torn. Example 26 was added to 5ffii of tm-cferified cell culture fluid from 

Example 1 containing .25 mM sodium phosphate and adjusted to p'M 8.7 using 25 /.d of 

3Maeetic acid. After the addition of the polymer, final pH of the solution was titrated 

to 12 using 3.M ssceiic acid, thereby precipitating the polymer-cells complex. 

[00151] The precipitate, in the form of a dispersed solid suspension, wss mixed 

continuously for another 5 rain. The precipitate was then collected 'by ceutrifugation 

(4000 rpm for 1 min) and the supernatant was filtered through a 0,2|«n Durapore# 

filter. Regardless of the'concentration of the polymer used, the process resulted in 100% 

Mab recovery . 

Example 29: fPVA| gliJirffMgtegtei: 

6! 



WO 2011/146394 PCT/US2011/036648 

frssyiaMMs: 

[00152] A -stimulus responsive polymer comprised of repeat units containing 

primary amines was synthesized .from a monomer as follows. 165 g ofdeionized water 

and 22.5 -g of N-vmytforrnamide (NVF) (SIGMA-ALDRICH, 98%) was placed in a 250 

mL round bottom flask. The flask was equipped with a magnetic stirrer and a N2 

dipstick. The solution was stirred and purged with Nj for 0.5 hours followed by heating 

to 45 "C over an additional 0.5 hours with continuous purging. Initiator solution was 

prepared by adding 0,2&8g of 2,2* AsobisQ-aniidmopropaBetdihydrochioride (ABAP) 

(Aldrieh) to 10 mL of deionized water and dissolved. To the 250 ml, round 'bottom 

flask the initiator solution was added under N;j atmosphere. The solution was heated at 

55 "C for 1 hour, followed by heating at 65 aC for 2 hours., further followed by heating 

at 75 °C for 1 hour with vigorous stirring under nitrogen. A viscous, homogenous 

solution was obtained and allowed to cool to room temperature. The viscosity was 

determined by BrookfeM Viscosity DV-O'* Pro Visocometer (seeing .100 RPM, 45% 

torcpse, spindle #34), The viscosity of the resulting solution was 278-350 eentipoise 

(cP). The solution was transferred to a 500 mL flask and diluted with 330 ml, of BjO 

and 40 g of 50% NaOli was added with stirring, lite solution was heated at 85 "C for 8. 

hoars, 

100153] A small sample was tested for sensitivity to a phosphate stimulus by 

adding a drop of 2 molar sodium phosphate to the hydroiyzed -polymer and observing a 

white solid precipitate &om the solution upon addition of the phosphate ion. To the 

hydroiy&ed polymer solution, 25%lfCI was added drop wise, until apH of around 2 

was reached. The solution was stirred vigorously overnight and a homogenous yellow 

solution was obtained. To that solution, 100 mL of 4 molar NaOE was added with 

stirring along with 500 mL isopropyl alcohol. The polymer was isolated by addition of 
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• 00 ml. of 2 molar sodium phosphate and the solid was vacuum filtered and washed 

with deionked water. The solid polymer was dried over night m a vacuum oven at 65 

<5C. The partially dry polymer was frozen with liquid nitrogen and ground to a fine 

powder and further dried in a vacuum oven at 65 "C for 24 hours. Finally, 40.7 g of a 

dry powder was .recovered and dissolved in I molar acetic acid to a final concentration 

of 3% w/w. 

[00154] An overview of the polyvinylamme synthesis process is depicted in 

Figure 4. 

Example 30: SgajMs .of a juries of Isdropj^^ 

[00155] Using the FVA syathesi&ed Iron) Example 29, three separate 

hydrophobics!ly modified stimuli responsive polymers were produced as follows, 100 

ml., of the 5% FVA solution from Example 29 was placed in each of three 500 mL glass 

jarsand labeled jars I> 2, and 3. To each of the three jars, 100 g of 4 motor NaOH was 

added with stirring. Next, 50 g of l-propanol was added to each jar as a co-solvent and 

the solutions were stirred, followed by the .addition, of 0,74 g, 1.47 g, and 2.94 g of 

benayl chloride to. jars !< 2, and 3. respectively. The three jars were heated at 60 "C for 

16 hours. The resulting polymers were each isolated from the individual reaction 

solutions by b ringing the volume of the reaction solution to 500 mL with deioo ixed 

water, adjusting the pH to 8 with 25% MCL and adding 100 g of 2 molar sodium 

phosphate. Upon addition of the phospha te ion, a solid precipitate was collected via 

vacuum ffitrafckm. The solid from each reaction was individually washed with de ionised 

water and dissolved into 300 ml., of I molar acetic acid. The polymer was forther 

purified by adjusting the individual; solutions to pH 7.4, precipitating the polymer with 

drop wise addition of 2 molar sodium phosphate, filtering the resulting solids, washing 
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(he solids whh water, followed isopropyl alcohol, and drying in a vacuum oven at 65 ''€ 

for 2 days. Each sample of dried polymer was frozen with liquid nitrogen and ground to 

a fine powder. The mass of dried polymer recovered was 1.44, 2.12-, -and 2.47 g for jars 

L 2> and 3, respectively, The individual polymers were each dissolved to make a 2% 

solution in I molar acetic acid. 

Example 3!: Deorofection of amines vis ImlrolvsSs of a very high molecniar 
weight 

oalvfN-vinvlacetaniidej to produce a pelvvlayla'ailae (FVA) stimuli 
responsive mdyaief 

(00! 56] In another exemplary experiment a very high molecular weight 

stimulus responsive polymer was prepared as follows. Very high molecular weight 

polymer generally refers to a polymer having a molecular weight equal or greater than 

1 OOOKDs. 

[00157j A stimuli responsi ve polymer comprised of repeat units containing 

primary amines-was prepared as follows. In a 2 liter glass jar 40 g of poly(N-

yinylacetamide)-linear homopolymer (POLYSCIENCES, INC.) with an average 

molecular weight of 4.060 k'Da was dissolved into 0,8 liter of deionked water hy 

vigorous stirring for 16 hours. To this solution, 140 g of concentrated HO. was added 

with continuous stirring over 1 hour. The jar was lightly capped and the solution was 

heated to 99 for 5 days with intermittent rotation to mix the. solution. Alter 5 days of 

heating, the solution was allowed to cool to room temperature and the total volume was 

adjusted to 4 liters with deionked water. The solution was adjusted to pH 7 with 8 

molar NaOH with vigorous stirring, The hydroiyzed product was precipi tated with. 

drop wise addition of 2 molar sodium phosphate until, no farther precipitate was 

observed. The white precipitate was washed with deionked water and pressed to 

remove excess water. The .recovered polymer was dried in a vacuum oven at 65 °C for 
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2 days. The dried polymer was froxen with liquid mitogen and ground to a line 

powder,. The recovered dry mass was 42.5 g, A 2% solution was mads by dissolving the 

ckied powder into 1 molar acetic acid and 0.08% HQ, The resulting solution was 

compared to a 2% solution of starting materia! (po!y(N~vmylacetamide)~lmear 

hom.opolymer) for response to a phosphate or citrate stimuli. This was performed'fey 

drop wise addition of 2 molar sodium phosphate or 0.2 molar sodium citrate to 50 mL 

samples ofbtttb fee starting material and the resulting hydroiyzed polymer. 

(00158] The resulting hydroiyzed. polymer precipitated to a white mass with the 

addition of phosphate or citrate ions while the solution of starting material had no 

precipitate upon drop wise-addition of phosphate or citrate ions, thereby indicating that 

the starting materia! is not responsive to a stimulus (e.g.. a multivalent anion, such as 

phosphate or citrate), while the vety high molecular weight polymer synthesized, as 

described in this Example, is responsive to a stimulus (e.g., a multivalent anion such as 

phosphate or citrate), 

[00159] Figure .5 depicts a process for deproteetkm of polyarmne polymer, 

thereby resulting in the formation of a stimulus responsive Polyvmylamioc (PVA), 

Example 32: Synttofeef 
stlmaH resi^aslw polv^r feased o» a -dep rotated pol^ 
slasiMasiMtel 

[001601 Using the FVA obtained from deproteeted 4,060 kDa pol yfN-

vmyiaeetarnideHinear hornopolynret' from Example 31 & very high molecular weight 

'hydrophobieally modified stimuli responsive polymer was prepared as follows. 

100161] 100 g of a 2% solution of deproteeted 4.060 k.Da poly{N~ 

vinylaeetamide) 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 g of 1 -propane! was added to the 

jar as 8 co-solvent. Finally, 0,58 g of benzyl chloride was added and the jar was capped. 
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T he reaction was heated at 6Q"C for 3 hours with vigorous shaking. Alter 3 hours, the 

reaction mixture was cooled io room temperature and the product was precipitated with 

acetone and. subsequently collected. The resulting solids were washed wife deionized 

water, followed by isopropyl alcohol, and were dried m a vacuum oven at 65 X for 2 

days., The dry solids were ground- to a fine powder and the final dry mass of polymer 

collected was 1.44 g, A 2% solution was made by dissolving the dried powder into I 

molar acetic acid and 0.08% HQ. The resulting solution was tested lor sensitivity to a 

multivalent ton stimulus by drop wise addition, of 2 molar sodium phosphate or 0.2 

molar sodium citrate io 5mL samples of 0.3% polymer solutions. 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, 

[00162] Figure 6 provides a schematic of the synthesis process described in this 

Example. 

Example 33i Synthesis of a stmmhm responsive vim kumm / vigvlbtifvletjsey 
cppQlyj^er (VA^VBE) 

[00163] In another experiment,, a stimulus responsive copolymer was prepared, 

which had one of the monomeric units included a hydrophobic group. 

[00164] A stimulus responsive polymer comprised of repeat units containing 

primary amines and feutylefher was .synthesized from monomers as follows. 90 g of 

octane, 2,5 g of Span-85 (SIGMA), 16 g ofN-vmyHbrmamide (NVT)(ALBRICFi, 

98%), 5 g of N-butylvmylether (SIGMA), and 30 g of deionized water was placed in a 

250 ml..- round bottom flask. The flask was equipped with a magnetic stirrer and a Nj. 

dipstick. The solution was stirred and purged with Ms for i hour as the temperature was 

increased to SS"C. 
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(00165] liiiiiator solution was prepared by adding 0,10 g of 2,2' Axobis(2~ 

amidiuopropane)dihydKX;hforide (ABAP) (ALDRICH) to 10 mi- of deionked water 

and dissolved. The initiator solution was charged to the' 250 mL round bottom flask 

containing the reaction solution tmdermtrogen purged atmosphere. The solution was 

heated at 55 *0 for i hour, followed by heating at 60 °C tor i hour, further followed by 

heating at 70% for I hour and followed by heating at 80 "C for 1 hour, with vigorous 

stirring with continuous nitrogen purging. This resulted m a two phase solution with a 

viscous gel layer on the bottom.. The top layer was decanted and discarded. To the 

bottom layer, 200 mL of deionized water was added and 20 g of 50% NaOH was added 

with vigorous stirring. The solution was heated at 80 "€ for 6 hours. After i> hours, the 

solution was removed from heat and allowed to coo! to room temperature. The volume 

was increased to 2 L with deionkfid water. The product was isolated by dropwise 

addition of 2 molar sodium phosphate, resulting in a large white precipitate. The 

precipitate wax collected by decanting the supernatant and the precipitate was washed 

with deionlzed water. The isolated polymer was dissolved in 500 tnL detoftteed water, 

10 g acetic acid, and 2 g concentrated HQ, The resulting solution was tested for 

sensitivity to a multivalent son stimulus 'by drop wise addition of 2 molar sodium 

phosphate or 0.2 molar sodium citrate to Sml. samples of 0,5% polymer solutions. 

Upon addition of the phosphate or citrate ions a whi te precipitate was observed, thereby 

indicating that the polymer was responsive to a multivalent anion stimulus. 

[00 i 66] Figure 7 depicts a schematic of the reaction described in this Example, 

This example demonstrates that copolymers containing an amine or charged 

functionality eopolytnetixed with a hydrophobic monomer are responsi ve to a 

multivalent ion stimulus, 

Example'34: Synthesis ef very high molecular weight m>h:vim1amine j'PVA) 
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jjiiMii 
pofymemaffon 

[00167] A stimulus responsive polymer comprised of repeat units containing 

•primary amines was synthesized from a monomer as follows. 90 g of octane, 2,5 g of 

Span-85 (SIGMA), 16 g of N-vinyiformamide (HVF)('AL0RICH» 98%), and 30 g of 

deionized water was placed in a 250 mL round bottom flask, The flask was equipped 

with a magnetic- stirrer and a K?s dipstick. The solution was stirred sad purged with. Nj 

for I hour as the temperature- was increased to 55"C. Initiator solution was prepared by 

adding 0.20 g of 2,2' Azofcis(2-arnidinopropane)dihydfochloride (ABAF) (ALBR1CH) 

So 20 mL of delonized water and dissolving. Tire initiator solution was charged to the 

250 mL round bottom flask containing the reaction solution under nitrogen purged 

atmosphere. The solution was heated to 60''C for 2 hours, followed by heating to 75 T; 

for 1 hour with vigorous stirring with continuous nitrogen purging. A two phase 

solution results with a viscose gel layer on the bottom. The top layer is decanted and 

discarded. To the bottom layer $00 mL- of deionized water is added and 48 g of 50% 

NaOH i.s added with vigorous stirring. The solution was heated to 80 for 16 .hours. 

After 16 hours the solution was removed from heat and allowed to cool to room 

temperature. The volume was increased to 1 L with deionked water. The product was 

isolated by drop wise 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 and soaked in isopropyl alcohol for 2 

hours and finally washed again with deionked water. The resulting solid mass was 

dried In a vacuum oven at 65 °C for 3 days,. The dried polymer was frozen with liquid 

nitrogen and ground to a line powder and further dried for 1 day. The resulting mass of 

the dry powder was 21.5 g, A 2% solution was made by dissolving the dried powder 
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into 1 'molar acetic acid and 0,08% HQ. The resulting solution was tested for sensitivity 

to a multivalent ion stimulus by drop wise addition of 2 molar sodium phosphate or 0,2 

molar sodium citrate to 50mL samples of 1% polymer solutions, Upon addition of the 

phosphate or citrate ions a wMte precipitate Is observed, 

jjolvvlaylaraine (PV A) stminfas responsive polymer 

[00168] Using a solution ojfLupamin 9095 (linear polyvinylarmse, a verage 

MW ™ 340 fcBa, 20 % solids, pH 7-9) obtained from BASF, a hydrophohically 

modified stimulus responsive polymer was produced as follows, 300 g of Lupamin 

9095 (approximately 60 g of polyvmylamme) was added to a 2 liter glass jar. Next, 40 

g of NaOH pellets and 500 m'L of deiou&ed water were dissolved and added to the jar. 

This was followed by the addition of 500 mL 1,2~dhnethoxyethane (SIGMA) as a co-

solvent and the solution was stirred vigorously until homogenous. Next, 17.66 g benzyl 

chloride (ACROS ORGANICS, 99%) was added to the reaction jar with stirring. The 

solution was heated to 60 °C for 16 hours with magnetic stirring. The solution was 

subsequently allowed to cool to room temperature and transferred to a 5 liter beaker. 

Next. 1.500 mL of deionized water was -added with stirring, The pH was adjusted to 5 

with glacial acetic acid. The product was precipitated with slow addition of 250 mL 2 

molar sodium phosphate and the solid was collected and washed with deionmed -water. 

(00169j The'.polymer was further purified by the following method. The solid 

was dissolved in 2 liter of 1 molar acetic acid with stirring. The total volume was 

brought to ! 0 liters with deionissed water and the pH is adjusted to 7 with drop wise 

addition of 50% NaOH. The product was precipitated with, addition 600 g of .2 molar 

sodium phosphate. The solid was isolated via vacuum filtration -and washed with 

deionked water. The resulting solid mass was dried in a vacuum oven at 65 !'C for 3 
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days- The dried polymer was frozen wills liquid nitrogen-and ground to a line powder 

and fmther dried for f day. The resulting mass of the dry powder was 46 g. A small 

sample was dissolved io I molar CDjCOOD / DjO acid and :il-NMR spectra were 

obtained, which are depicted in Figure 8. The 'R-NMR peaks were integrated and the 

amount of'benzyl modification was determined to be 18 %. 

Example 36: .200.g.seale„syathesis, ̂ Jydrg^hicallv rswdified.MMyja?«W 

1091701 In an exemplary experiment described herein, it was demonstrated that 

the polymers described herein could be manufactured on a large scale. 

[0017.1) Using a solution of Polyaiiyarsine (PAA, NITTOBO, 150 kD; 40% 

wt./wt.), a bydrophobicaily modified, stimulus responsive polymer was produced as 

follows, 500 g ofPolyalivamme (PAA, N1TFOBO, 150 kD; 40% wt/wt,) 

(approximately 2-00 g of polyailykmine) was added to a 4 liter glass jar. Next, 80 g of 

NaOH pellets and 1000 ml, of deionked water were dissolved and added to the jar. 

Followed by the addition of 1000 mL. L2~dim6thoxyetha«e (SIGMA) as a co-solvent 

and the sol u tion was stirred vigorously until 'homogenous. Next, 114 g of benzyl 

chloride (ACROS ORGAN!CS, 99%) was added to the reaction Jar. The solution, was 

heated at 00 "C for 16 hours with magnetic stirring. The solution was allowed to cool to 

room temperature and transferred io a 10 liter beaker. 

[00172] Next, 1000 art of deiomze-d water was added with stirring and a sticky 

solid mass precipitated oat of solution, lite product was IWt'her precipitated with slow 

addition of 200 mL 2 molar sodium phosphate and the solid was collected and washed 

with deionked water. The polymer was further 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 liters with deiomzed water and the pH was adjusted to 7 with drop wise 
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•addition of 50% .NaOH. Hie product was precipitated with addition 800 g of 2 molar 

sodium phosphate -and- the solids was collected and washed with dekmized water. The 

polymer was even farther purified by the following method The solid was dissolved io 

3 liter of 1 molar acetic acid with stirring, The iota! volume was brought io 10 liters 

with deionked water and the pil was adjusted to 7 with drop wise addition of 50% 

NaOH. The product was precipitated with addition 800 g of 2 molar sodium phosphate 

and the solids was collected and washed with deioni&ed water. The resulting solid mass 

was dried is a vacuum oven at 65 "C for 3 days. The dried polymer was ftmen with 

liquid nitrogen and ground to a line powder and further dried for 1 day. The resulting 

mass of the dry powder was 250 g. A small sample was dissolved m I mokr 

CDjCOOD / DjO acid and *H-NMR spectra were obtained, as depicted in Figure 9, The 

'H-NME peaks were integrated and the amount of benzyl modification was determined 

to be 33 %, 

Example 37; Determination of flccenlatkm performance ami sooeruatarit Quality 
for increasing doses of a stimulus responsive polymer ys a cationic 
t>alveleetrolvt& in a CHO cell culture 

fOOl 73] In an exemplary experiment described herein, the stimulus response 

polymers according to the present invention were compared to a known polymer, i.e., 

chitosan, for certain desirable properties. 

[00! 74] CHO cell culture was prepared using a. method, as described in 

Example 1, A solution of 2% w/w solution -of medium molectilar weight cMtoson 

(MMW chitosan) (Sigms-AMrkh) was prepared in 1 molar acetic acid, A 2% w/w 

solution of hydrop.hobically modified poiyallylamine based stimulus responsive (33%-

BnPAA) polymer was prepared according to Example # 36. 10 ml of the CHO cell 

culture was dispensed into 15 mL conical tubes. Individual polymer doses of 0.0, 0.1, 

0.2, 0i)3, 0.04, 0,05, 0.06, 0.07. 0,08, 0,09, 0,1,0.14, 018, 0.22, and 0,4 % w/v were 
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added to each conical tube containing CHO ceil culture for each, the' LMW chitosan and 

33%-BnJRAA. For -fee conical tabes containing the 33%-BnPAA only, the pH was 

adjusted to 7,2 and a stimulus of ISO mM sodium phosphate was applied. All the 

conical, tubes-were cenirifuged at 3000 RPM fot 2 .minutes and the supernatant was 

decanted and the turbidity was determined. 

[00175] Table 5 below and Figure 10 summarize the results of a .representative 

experiment to demonstrate that a non-sttmnlus responsive polymer (e.g., chitosan) 

requires dose optimization for efficient .flocculatmn, whereas, a stimulus responsive 

polymer according to the present in vention does not appear to require dose 

Optimisation. In other words, in ease of a non-stimulus responsive polymer such as 

chitosan, once an optimal dose of the polymer is added for efficient flocculation, 

exceeding that optimal dose results m 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 Ooeculant/preeipitaut 

regardless of increase in the dose. 

Table 5 

Fety me r F toeealaaf 
Dos« (w/v)% 

... 

Polymer Fkrccu'iaat 
Stimulus 

<V'»} 
Supensstsurt 

TarbkSly (NTH* 
0 MMW Chitosan a 266 

0.01 MMW Chitosan n 14 
0.02 MMW Chilosaa I! 13 
0.03 MMW Chitosan s 2S 

MMW Chitosan t! 200 
0.05 MMWChitosaa a Ik's 
0,06 MMW Chitosan n 311 

MMW Chitosan. n 325 
a 08 MMW C f n 353 
0.09 MMW G rs 378 
0.1 MMW : o 379 
0.14 MMW O 51 404 
0.18 MMW t h< <.<san o 409 
0,22 MM V. i hi N§an f a 405 
0.4 MM^ t intosan \ n 400 
0 33% Benzyl" modified \ y 237 
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Fotyal!yfsimn<; 

0.01 
33% Bmzyi modified 

Polyallylamine y 399 

0.02 
33% Benzyl modified 

Foiyaliylantrae "V 486 

0.03 
33% Benzyl modified 

FolvaOvlamine y 433 

0.04 
33% Benzyl modified 

Poiyallylamlae y 293 

0.05 
33% Benzyl modified 

PolyallytasBsne y 42 

0.06 
33% Benzyl modified 

PolyaOyiainine y 19 

0.07 
33% Bengvl modified 

PoiyaJlylamine i 14 

0,08 
33% Bemivl modified 

PolyallySamioe i 16 

0,09 
33% Benzyl modified 

PoiyaHyiasnnse y 21 

0.1 
33% Benzyl modified 

Polyallyiamiae V 20 

0.14 
33% Benzyl 'modified 

Polyallyiasnms y 17 

0.18 
33% Benzyl modified 

Folyafiykmine * 17 

0.22 
33% Benzyl modified 

Polyailyiamnie >: 12 

0,4 
33% Beaxyl modified 

PolyaHyiamsse x ii 

Example 38: of ilocMatioss performance ami supernatant quality 
with iaereasHlg doses o.f a stfmotas responsive polymer la the 

mmmi 
M.P multivalent mkrn atmmlm 
SStiBES 

(00176] CHO cell culture was prepared tssmg a method, as described in 

Example 1, A 2% w/w solution of hydmphobically modified polyallykmiue based 

stimuli responsive (33%-BnFAA) polymer was.prepared according to Example # 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 % w/v were added to each conical tube containing CHO eel! culture m triplicates 

(one for phosphate apd one for citrate and one for no stimuli) for 33%-BnPAA polymer, 

The pH was adjusted to 12 and a stimulus of 150 mM sodium phosphate or 1 SO -mM 

sodium citrate was applied or no stimulus was applied. All the conical tubes were 
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centri&ged at 3000 RPM for 2 minutes sad the supernatant was decanted and the 

eentrate turbidity was determined. The results from the experiments described in this 

example are- shown in Table 6 and Figure 11, 

[OO177] Table 6 and Figure ! 1 'mrnbimm the results of a representative 

experiment to demonstrate that a stimulus responsive polymer (e.g., described in 

Example 36) can operate as a non-stimulus responsi ve floceulant (similar io Chitosan 

data hi Example 37), requiring polymer dose optimization without a stimulus. 

However, with a multivalent, ion stimulus, such as phosphate or citrate, the stimulus 

responsive polymer does not require dose optimization, as the eemrate turbidity is not 

effected by increasing polymer dose,. 

Table 6 

Polymer Ftoe«ala»< 
hose (w/V)% Palrmer Floee«Ssmt 

Stimulus 
(phosphjifc1 

citrate / mm) 

Supernatant 
Turbldjv 

INTUJ. 

0 
33% Benzyl modified 

Polyaliylamisie phosphate ^ i =•"? / 

0 05 
33% Benzyl modified. 

PolyalSylamine phosphate «2 

0.06 
33% Benzyl modified j 

MyaMylamiae \ phosphate 19 

0.07 
B%Bes.£yi modified | 

PoiyaMylaraine j phosphate 14 

0.0B 
33% Benzyl modified | 

Polyallyiamiae j phosphate 16 

0.09 
33% Benzyl modified 

.Polyallylamme phosphate 21 

0.1 
33% Benzyl modified 

Polvallytemine phosphate 20 

0.J 4 
33% Be nzyl modi lied 

Polyallylamiue phosphate 17 

0,18 
33% BersKyl modified 

Polyallylamine phosphate 17 

0.22 
33% Benzyl modified 

Polyallylamine phosphate 12 

0.4 
33% Benzyl modified 

Polyallyiamsne phosphate 14 

0.05 
33% Benzyl modified 

Palyalfyiamine 
! 

Citrate I 50 

0.06 
33% Benzyl modified 

polyallylamine citrate 29 
0,07 33% Bemsyl modified citrate 27 
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Polyaflylamine ! 

0:08 
33% Benzyl modified i 

Folyallykmme i citrate. 23 

0,09 
33% Beagyl modified i 

PotvsHyiamme 1 ekrate 30 

0J 
33% Beazy] mediijed 

PoiyaSiyiamine citrase 21 

0.14 
33% Berayl modified 

Polyailykmme citrate 19 

0.18 
33% Benzyl modified 

Polygttylamioe citrate 24 

0,22 
33% Benzyl modiifcd 

Polyallykt»i»e citrate , 11 
0.4 

33% Ben^l modified 
Polyallyiamine citrate \ 20 

0.05 
33% Benzyl modified 

Poiyallvlamine sseae 64 

0.06 
33% Benzyl modified 

Polyailykmme nose 33 

0.07 
33% Beastyl modified 

FolyaMylamine nose 23 

0.08 
33% Benzyl modified 

Palvailykmiae nous 46 

0.09 
33% Benzyl modified 

Polyallylamme nonv 51 

0,1 
3,3% BsnayS oxxiiSied 

Polyallylsmiii-s none 55 

0,14 
33% Benzyl modified 

PolyaOylamme none 199 

0.18 
33% Benzyl modified 

Foiyaliylamise none 402 

0.22 
33% Benxyl modified 

PelyallylsisKiKie nose 454 

0.4 
33% Benzyl modified 

Poiyallylamsne Hi>OC; 455 

Example 39; OetenMi»atlo« of floceitt!a^o»,,»gd»ma»ge ami .sapernataat qualify 
with increasing doses of an mtmodified stimsdus resmmsive ootviner 

[081781 In another experiment, rfie.floecuktion ability .and supernatant quality 

with an unmodified stimulus responsive polymeria a CHO cell culture was determined. 

as described fcerem. 

[00179] CHO cell culture was prepared using a method, as described m 

Example 1. A 2% w/w solution of unmodified polyailykmme based stimuli responsive 
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polymer was prepared by dissolving Poiya'Hyamme (PAA, NITTOBO, 150 kD; 40% 

wt./wt.) is 1 molar acetic acid. 10 mL of the CHO cell c ulture k dispensed into 15 mL 

conical tubes. 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 % w/w was added to each conical tube containing CHO cell culture. 

The pH was adjusted to 72 and a stimulus of 150 mM sodium phosphate was applied. 

All the conical tubes wen; centrifuged at 3000 .RPM for 2 minutes and the supernatant 

was decanted and the turbidity was determined, The resul ts from the experiments 

described in this example are shown. in Table 7. 

Table 7 

Poly tmr Fioecu last StmHikss 
Supernatant 

Turbid ly 
Pirns fw/V}% Polymer Floccalaat (NHis 

unKdillesi 1SOkD 
0,05 Poiyailyannnc n 17") 

umodified ISOkD 
0.06 Folyailvansme a 426 

unmodified !50kD 
0.07 To w* ,«aie n 673 

urooMLxl !50kD 
0,08 PolvaJIyamrae J! 959 

imiodiO&d 15','kl.) 
0.09 Pe!yal!y:3s?:iia<s i). 94? 

umodifted 5 50kD 
0,1 Poiyallyamine n > 1000 

umodified 1S0k.D 
0.14 PolyaUyamme. H > 1000 

uns<>dil;«i 150kD 
0,18 Poiyallyamine rt > 1000 

nm.odi.fted i 50kD 
0.22 Poiyallyamme n :> 1000 

usnodifed ISOkD 
0.4 Folyallyamise a > 1000 

Example 40: lietermtuaaat 
simeroatasst t« 
vw**<w.wxw\wv\<vvxvw\x\Vx. 

culture 

[00180] CHO cell culture was prepared using a method as described m 'Example 

I. A 10% w/w solution of a 'hydrophobioaUy modi fied polyaJlylamme based stimuli 

responsive (33%-BaPAA) polymer was prepared similar to Example # 36. 50 mL of 
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CHO cell culture was placed in a 100 mL glass graduated cylinder io 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 wise .addition of 2 molar (m base, the sodium phosphate 

concentration was adjusted to 50 mM by 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 of cells, cell debris, impurities, residual polymer; to flocculate the solids; and 

to increase particle size. After the sodium phosphate addition arid pH adjustment, large 

aggregated particles were observed in the stimulus responsi ve polymer treated feed. The 

other graduated cylinder was stirred for 2 minutes and nothing was added,. Both of the 

cy linders were all owed to sit undisturbed for 1 hour. At the end of an hour, the 

supernatant was aspirated and the turbidity was recorded, 

f 00181} It was observed that the solid phase in the cylinder with the smart 

polymer settles fester as well as a defined settling front (sharp solid to liquid phase 

transition) relative to the solid phase m (he untreated cylinder, which gave an undefined 

settling front, 

[00:182} The results of one such experiment are summarized in Table 8. The 

measurements with respect to the settling fronts were a rough, estimate for the untreated 

cylinder because the settling front was largely dispersed and undefined. 

Table 8 

Time 
(minutes) Poly me r Settling From (% 

Solids) 
Fund Supernatant 
Turbidity (NTU) 

10 33% .Benxyl modified 
Polyallylamine Ion 

| 33% Benzyl modified 
1 Polyaliylafuirse too 

30 33% Benzyl modified 
Polvaliykmsne 62 

40 33% Bessy! modified 
Polysillyismiije SO 
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50 33% Beazyl modified 
Polyallykmine 47 | 

60 33% Benzyl modified 
Polyallylamme 42 j IS 

10 N<«>e 100 j 
20 | 16o \ 
30 | .None n ! 
40 None 93 [ 
50 Nose | 88 
60 Nose 84 j 589 

Exasiipk 4 
different molecular weights 

KS Of 

[00183 j A series of polymers with different molecular weights were obtained, 

rnocliiled, and used to flocculate, precipitate, and purify a cell culture. Polymers with 

primary amine repeat units of molecular weights of LSkD, 8SkD, ISOkD, 350kD> 600-

95UkD md 2000-4000kD were obtained mdbr modified by ihe following methods. 

1001841 The 1SkD paiyallyiamme polymer was obtained from NITTC3BO and 

was benzylaied (eovalentiy attached benzyl groups and purified) «smg a method similar 

to example 36. The 85kD betszylated polyvmyhmme polymer was prepared by 

Example 23. The ISOkD benzyl ated polyallylamine was prepared according to Example 

36. The 350kD heii:?.ylated polyvinylamtBe polymer was prepared by Example 35. Tbe 

950k.D polyviKykmme polymer backbone is prepared by hydrolyzrng 'Polymm VZ 

(BASF) with 2 equivalents csf base at 80 UC for H horns* The unmodified 2000-4CK)OkD 

FVA was prepared according to example 31, Tire benzylated 2000-4000kB polymer 

was prepared according to Example 32, The polymers were used to flocculate, 

precipitate, and purify a CHO DG44 cell culture of approximately 12x10° eeils/mL and 

a harvest cell viability of < 30 %, The flocculaiioa was performed at polymer doses of 

0.2 % and 0,4 % w/w. A solution stimulus of 50 mM sodium phosphate and pH 

adjustment to 7 with 2 molar tris base was applied. 
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(00IS5] Observations about the flock size were recorded and are denoted as + 

being small flocks and •*•»**•* being very large aggregates. The vials denoted 

were more of a complete zone separation than a-suspension of aggregate. It is also 

noted that the larger aggregates/particles settle taster with a sharper solid liquid 

interface. Results are shown in Table 9, which demonstrates the .results for flocculation 

using polyamines of different molecular weights. 

Table 9. 

Molecular Weight 
(km 

Polymer Dose 
(wM-) 

Aggregate/.Partk:ie 
Ske 

IS 02 -f 

85 0.2 * 
150 0,2 -H-
350 0.2 -r-r-f 

600-900 0.2 4-4-4-

2000-4000 0.2 -;-4-4-4-

IS 0,4 4-

85 0,4 -i-

150 0,4 4-4-4-

350 0,4 4-4-4-4-

600-9CK) 0.4 •r-ri-=-

2000-4000 0,4 

rfe 42; aisce asms mdv&mines 
...........w.w.%v.^v^J^w^Wwfyw^wwvsvwvvs 

[00.1S6] CHO ceil culture was prepared using a method, as described in 

Example .!, Samples of polymers described in Examples 31, 32, 33 and 35 were added 

to the cell culture as described in Example 38 with the following exceptions; The 

polymer dose was between 0.1 wt% and 0.6 wt% as described in Table 1.0,. The initial 

cell culture turbidity was --900 NTU and the centrals without .polymer treatment' had a 

turbidity of 212 NTU, The pH was adjusted to 7,2 and a stimulus of 50 mM sodium 

phosphate was applied. All the conical tabes were eentniuged at 3000 RPM for 2 

minutes and the supernatant was decanted and the centrate turbidity was determined. 

The results from the experiments described in tins example are shown in Table 10, 
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which, demonstrates the performance »f difter«nthydropfeobic modifications at different 

polymer doses, 

[00187} Table 10 demonstrates thai by changing the nature of the hydrophobic 

group and/or polymer molecular weight, the response to stimulus and resulting centrate 

tarbtdity can be varied, 

Table 10. 

Polymer Pose 
(w/w) 

Centrate 
Polymer Polymer Pose 

(w/w) Turbidity 
(NTH) 

Untreated 0 > \ > 
(No Polymer) 0 

Example 31 0,2 12 
0.6 76 
0.2 92 

Example 32 0.6 26 
Example 3 3 0.2 17 
Example 33 0,6 61 
Example 35 0,1 19 
Example 35 0.2 12 
Example 35 0.4 36 
Example 35 0.6 32 

Example 43; Effect of Reduced T»rMdfe.obtelfied with Stimuli Rwaslve 
Mimra mi »omistreai» filtration 

[00 i SS] In order to assess the a ffect of the stimulus responsive polymer on 

subsequent centrifugation and depth filtration steps, the following procedure was 

followed, DG44 ehiaese Hamster Ovary (CHO) eel! line &xptvs$mg FTGl antibody 

were grown in a I0L bioreactor (NEW BRUNSWICK SCIENTIFIC) to a density of 

about 15x106 cei!s/mL and harvested at < 50% viability, A 10% w/w solution of a 

hydrophobically modified -polysllyfemins based stimuli responsive (3s3%~BnPAAj 

polymer is prepared similar to Example 36. 

[001S9] One fraction of the 1.XS44 CHO cell culture is treated with 0,2% of the 

stimulus responsive polymer 33%-BnPAA, while another .fraction of the 1X344 CHO 
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cell culture knot treated. To fee stimulus responsive polymer treated cell culture, the 

sodium phosphate concentration is brought to 50 mM by drop wise addition of 2 molar 

sodium phosphate and the pH is-adjusted io 1.2 by drop wise addition of 2 molar tris 

base. The sodium phosphate and pH adjustment is performed m order to precipitate the 

stimulus responsive polymer and a complex of cells, cell debris, impurities, residual 

polymer, and to flocculate the solids, and increase particle sizs. After the sodium 

phosphate addition and pH adjustment, large Hocked particles are observed in the 

stimuus responsive polymer treated feed. Both fractions were centtifuged for 5 minutes 

at 31)00 RPM and the saperaat&uts were decanted and the turbidity was determined. The 

eeutrate turbidity for the 33%-BnPAA polymer treated feed was determined to be 10 

NTU while the centrals turbidity fer the untreated feed was determined to he 60 NTU, 

[00190] Depth filter throughput for each feed was determined by the following 

method. A X0HC Millisrak-K® Pod Disposable Depth Filter (MiLLl'PQRE) with a 

surface area used for each feed. The depth filters were equipped wills a 

peristaltic pump and an in-line -pressure sensor. The filters were flushed with deionked 

water according to instructions and the feed was pumped through at 100 LMH and the 

filtrates were pooled. The pooled turbidity for the 33%-BnPAA. polymer treated feed 

filtrate was 6 NTU and (he pooled turbidity for the untreated feed filtrate was 9 NTU. 

The filter throughput for (he 33%-BnPAA polymer treated feed was 1304 L/m2 at 10 

psl at which time the experiment was stopped because of feed limitations. The filter 

throughput for the untreated feed was 206 L/ro2 at 20 psi, at which time the experiment 

was stopped because of pressure limitations. 

Example 44: «;***» * 
polymer followed hv captare with a affinity resin 

[00191 j la order to better assess the affect of the stimulus responsive polymer 

on subsequent purification steps, a model feed was prepared and the following 
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procedure was followed. CHO ceU'cuiture Is prepared using-a method similar to 

Example 1. Initial Feed HCP level -• 21O,O0Oppm, A 10% w/w solution of a 

hydrophobic a Fly modified poiyallylamine based Stimuli responsive (33%-BnPAA) 

polymer is prepared similar to Example 3=6, One fraction of the CHO cell c ulture is 

treated with 0J %-of the stimuli responsive polymer 33%~BnPAA„ while another 

fraction of the CHO cell culture is treated with 0.4% of the stimuli responsive polymer 

33%-BnPAA, and a third fraction of the CHO cell eui.tu.re is .not treated. To the stimuli 

responsive polymer treated cell cultures the sodium phosphate concentration is brought 

50 mM t>y drop wise addition, of 2 molar sodium phosphate and the pii is adjusted to 

7,2 by drop wise addition of 2 molar tris base. The sodium phosphate and pH 

adjustment is performed m 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 sodram phosphate addition and pH adjustment large 

flocked particles are observed in the stimuli responsive polymer treated feeds. Bach 

fraction of the cell culture is centrifuged in a lab scale bucket centrifuge for § minutes at 

3000 RPM, The turhidty of each ccntrate is recorded and reported in Table 11 « The 

centrales are filtered through a 0,2pm Darapore® filter. 

[00192] The filtrate pools were purified, through a three step chromatography 

based purification consisting of protein A affinity chromatography (ProSep Ultra 

Flus^Dls hlod-and-eluie cation exchange chromatography (ProR.es S€:h and membrane 

adsorber anion, exchange chromatography in flow- though, -mode (ChromaSorb •&}. The 

purification was performed on a chromatography workstation according to the method 

in Table 12. 'The pools for each step were analyzed, for host cell protein (CHOP) by 

ELISA, leached Protein A (L ProA) by EOS A, residual DNA by PicoGnsen f) assay. 
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turbidity. aggregated protein (AGG) percent by sfee exclusion HPLC, and protein 

concentration by UV absorption. 

Table1L 

Peed 
Treatment 

Csntrats 
{NTU} 

Mill) 
R«<c.ovwy 

{%} 

CHOP 
Removal 

{%} 
DNA 

(u«/mt.} 
C&ntnfufje j 

Oniy | 127 100 0 49 
0.1% I 

Bft25PAA | 7.3 90 50 <LOQ 
6.4% ! 

8n25P.AA j 9.2 78 50 <l,OQ 

PraSaif* A Pools 
1 Virus 
| inaciivation. 

Feed j low pH bold 
Treatment 1 Pool (MTU) 

Step Yield 
•%) 

fCHOPj 
(ppm) AGG % 

L ProA 
Ml 

j 

DNA 
(uq/mL) 

Centrifuge 
Oniy 45 09 2135 3 > 25 0.8 4 
0.1% 

8n2SPAA 2.4 99 507 2.9 12 «LOQ 
9.4% 

8n25PAA 2 100 267 3 >25 <LOQ 
Centnfuqe 

Only'" a? 684 2.3 <;.oo <LOQ 
0.1% 

Bn25PAA 91 282 2.4 <LOQ <LOQ: 
6,4% 

8n25PAA 88 1 133 2.4 <LOO <LOQ 

ChromaSorb Pools 
Feed 

Treatment 
I | Step Yseld 
3 ! (%) 

[CHOP] 
(ppm) L ProA 

DNA 
i»y. 

Centrifuge 
Only 

| 93 
1.0 of 
<LOQ <LOQ <LOQ 

0.-1% 
Bn2SPAA I | 0.7 or 

96 1 <tOQ <tOQ ! <L.OO 
0.4% 

8«25PAA I 1 0.7 or 
05 | <tOQ <100 <LOO 

Table 12. 

Prot&m A 1 
Column 
Dimensions 

I 
0.66 X 14 cm | 

I 
MBihod 

Step 

| Duration 
I {Column 

Buffer I Volumes 1 
Residence 
Time 

EO Phospshfe buffered saline I 5 3 
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Load G,9rog/mL Cianfied feedstock 214 ml. 4 | 
^ i Phospabie buffemd saline S 3 1 
„ i iC) SOmM Acetic-acid, pH 3.0 6 3 I 
* * rip ISOroy Phosphoric acid 3 3 1 
EQ Phospahie buffered saiino 5 3 i 

Cation Exchange 
Column 
Dimensions 0.® X 14 cm 

Met hod 

Step Buffer 

Duration 
{Column 
Volumes) 

Residence 
Time 

EQ 
50mM Acetic add, 25mM NaCi, pH 
5.0 3 3 

Load 

Protein A elution poof adjusted io pH 5 
with 50mM Acetic add, 25mM NaCi, 
pH S.Q 

Soad density40 
mg/mL 4 

Wash 
SOmM Acetic add, 25mM NaCi, pH } 
5.0 I 3 3 

Elution 
SOmM Acetic add, 125roM NaCi, pH 
5.0 Z , 

NaC: Strip 
SOmM Acetic add, 500tr>y NaCi. pH 
5.0 3 3 

NaOH Cleaning GSM NaOH 3 3 

EO 
50my Acetic add, 2SmM NsCI, pH 
5.0 15 3 

Anion Exchange 
— 

ChromaSorb 0,08 \ 
mL i 

Method 

Step Suffer 

Duration 
(Column 
Volumes) 

Flaw Rate 
(m l/minute) 

EQ §0 mM Tris pB 7.4 300 1 

Load 
Cation exchange pooi adjusted with 
50 mM tris pH 7.4 

Load Density ~ 
2 5 kg/L 1 

(001931 In order to better assess the affect o.f the stimulus responsive polymer 

on subsequent purification steps, the following procedure was followed DG44 Chinese 
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Hamster Ovary (CHO) cell line expressing PTG1 antibody were grown In a SOL 

hioreaetor (Ne w Brunswick Scientific) to a density of about 15x!06 eells/ml, and 

harvested at < 50% usability with an HCP level of-142000 ppm.. 

[00194] A 10% w/w solution of a hydrophohieally modified]X>lyallylamme 

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 responsive 

polymer 33%-BnPAA., while another fraction of the CHO cell culture was treated with 

0.4% of the stimuli responsive polymer 33%-BnPAA, and a third fraction of the CHO 

cell culture was .not treated. To the stimuli responsive polymer treated cell cultures, 

sodium phosphate concentration was brought to 50 mM by drop wise addition of 2 

molar sodium phosphate and the pH was adjusted to 1.2 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 fraction of the cell 

culture is centrifuged in a lab scale bucket centrifuge for 5 minutes at 3000 .RPM, The 

turbidty of each centrals is recorded and reported in Table 13. The centrales were 

filtered through a 0,2^m Dura-pore® filter, 

[00195] The filtrate pools were purified through a two step chromatography 

based purification consisting of bind-and-elnte cation exchange chromatography 

(ProRes S®}, and membrane adsorber anion exchange chromatography in flow-though 

mode (ChromaSorb :D). The purification was performed on a chromatography 

•workstation according to the method m Table 12, The pools for each step were 

analyzed for host eel! protein (CHOP) by EIJSA, leached Protein A (I. ProA j by 
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ELiSA, residual DNA by PicoGrceo assay, turbiciiiy, aggregated protein (AGG) 

percent by size exclusion HPLC, and protein concentration by UV absorption. 

Table 13, 
Feed Treatment Ce»trate 

(NTU) 
Mab Recovery 

(%) 
CHOP 

Removal (%} 
DNA 

<»g/mL) 
untreated >1000 100 0 H.9 

0.1 % Polymer •} 92 56 <LOQ 
0.4% Polymer 12 90 65 | <LOQ 

CEX P««K 

Feed Treatment S«g'iea | 
(A;* i 

t 1 DNA. 
A® '•*> ) fi.graL) 

0,1% Polymer 80 1 89? < 0.1 j <LOQ 
0.4% Polymer 

g_1_ ^ 
< 0,1 | <LOQ 

CferomaSorb Pools 

Feed Treatment SB!^eW 1 [CHOP) (ppm) 
V-''<0 ! 

DNA 
JiiiML., 

0. i% Polymer 96 ! 270 <l,OQ 
0.4% Polynaer 9? j 225 <1.00 

Example 46: gotyethviene membrane serfage acid 2> 
hytlrexye^itoetjMCj-vlatg (PAHEMA) 

[00196] In Mother experiment, a membrane was: modified to incorporate a 

multivalent ion stimulus, where the membrane can be used for re mo val of residua! 

stimulus responsi ve polymer, 

[00197] A !£)% aqueous mixture of PAHEMA was prepared according to the 

following recipe: 16g of PAHEMA (Aldrich #695891), 75% PAHEMA and 25% 

BisREMPA), 0,2 g oflrgacute 2959,93.8 g of water, A polyethylene membrane 

(0.65«m, UPDP MILLIPORE) was prewetted with methanol arad exchanged into water 

and treated with the PAHEMA formula dors, The sample was exposed io UV light, 

washed with methanol and water, and dried- The weight added to the membrane by this 

surface modification was 4.4%. The infrared spectrum of the membrane displayed a 
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strong methacryiate c&rbonyl absorption. Staining the membrane with methylene blue 

(a positively charged dye) gave a deep blue color with .a cyan optica! density of 1.43. 

Example 47: HydropMlkMfeetl^ 
r>flos&burk 

[ 00198 ] A 16% aqueous mixture of PAHEMA was prepared according to the 

following recipe: 16g of PAHEMA (Akfrich #695890, 75% PAHEMA and 25% 

Bi.sH.EMPA), 0.2 g oflrgacute 2959, 93.8 g of water. A hydrophifoie. membrane 

(0,65um, MPLC MHXIF0RE) was directly contacted with the PAHEMA solution. UV 

exposure and washing as above gave a .membrane with a 7,6% add on. The infrared 

spectrum of the membrane displayed a strong methacrylate carbonyl absorption. 

Staking the membrane with methylene blue (a positively charged dye) gave a deep blue 

color .with a cyan optical density of 1.45. 

Example 48; Hvdrophiiic polymetfaaerylate resin modified with phosphoric acid 
fc 

favdroxwlMlMtoep^ 

[00199} In another experiment, a resin was modified to include a stimulus, 

where the modified resin could then be used for removing the residual polymer. 

[00200] A solution is prepared with the following composition: 60ml. ally! 

glycidyl ethers AGE), 1 l()g 4M NaOH, I2g sodium sulfite, To this solution 60ml of 

ToyoPeart65C .media is. added and the mixture is placed k a rotating hybridizer at 50C 

for 16 hours. The media are separated and washed by standard procedures. The 

PAHEMA. grafting solution is prepared as follows: ! .0g PAHEMA, 0.0% ammonium 

persulfate, 9.0g svate. To this solution is added 5ml of the AGE modified ToyoPearl 

media. The mixture is placed in a hybridizer al 80C for 16 hours. Separating and 

washing by standard procedures gives the PAHEMA modified resin. This product stains 
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dark blue when treated with a 0.01% aqueous solution of methylene blue. which is a 

positively charged dye, 

Example#: Stteulusresponsive 
polyethylene 

membrane .surface 
hydroyvethvimethacrvlate (PAHEMA) 

[00201] The PAHEMA modified MPLC membrane (Example 47} was used to 

capture polyallylamine (PAA) polymer from 3 sohsfioiis containing KM), 10, and Ippm 

PAA respectively using the following experimental procedure, A membrane disk 20mm 

processed diameter in I See cell holder, PAA solutions processed at 1.See/see, The 

.membrane was washed in and oat of cell holder with lOOmL PBS buffer. Processed 

membrane stained with 'Ponceau S. 

[00202] Ponceau S is a negatively charged dye that absorbs strongly to 

positively charged surfaces. When PAA is absorbed by the PAHEMA. modified 

membrane, the surface is converted from-a negative to positive charge. Tins conversion 

is easily observed by st&imng the processed solution with Ponceau S. A good measure 

of degree of staining with Ponceau S is lite magenta optical density as measured with a 

Macbeth Densitometer, The magenta optical density values for various processed 

membranes (i,e, loaded with PAA) on both the upstream and downstream sides of the 

membrane are shown in Table .14. 

[00203 ] As can be seen for the I ppm case, all of the PA A is captured on the 

upstream side of the membrane. For the ISmL of processed solution, this corresponds 

io 4 J micrograms of FAA/om2 of membrane surface. 
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[00204J 

Table 14. 
PAA Loading 

(PAA processed) 
IJ psf ream (Topside) 

Magenta 
Optical .Density 

Downstream (BMiomside) 
Magenta Optica! Density 

Unprocessed 0 0 
lOOppm 0.7? 0.7? 
lOppm 0,75 0.70 
IffiB 0.60 0 

[00205] Accordingly; based on the results from this Example, it may be 

concluded that fee modified membranes and resins described herein may be used for 

reducing the 1© vei of residua.! polymer or completely removing the residual polymer, 

[00206] The specification is most thoroughly understood in light of the 

teachings of the references cited withm the specification which axe hereby incorporated 

by reference. The embodiments withm the specification provide an illustration of 

embodiments m this invention .and should not he construed to limit its scope, The 

skilled artisan readily recognizes that .many other embodiments are encompassed by this 

invention. All publications and inventions are incorporated by reference in their 

entirety. To the extent thai the material incorporated by reference contradicts ot is 

inconsistent with the present specification, the present specification 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. 

[00207] Unless otherwise indicated, all numbers expressing quantities of 

ingredients* cell, culture, treatment conditions, and so forth used.iff the specification, 

including claims, are to 'he understood as being modified In all instances by the term 

"about,v Accordingly, unless otherwise indicated to the contrary, the numerical 

parameters are approximations and may vary depending upon the desired properties 

sought to be obtained by the present invention. Unless otherwise indicated, the term "at 
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least" preceding a. series o.f elements is to be understood to refer to every element in the 

series. Those skilled in fee art will .recognize, or be able to ascertain mmg no more 

than routine experimentation, many equivalents to tbe specific embodiments of the 

invention described herein. Such -equivalents are intended to be encompassed by the 

following claims. 

[00208} Many modifications and variations of this in vention can be made 

without departing from lis spmtand scope, as will be apparent to those skilled in the 

art. The specific embodiments described herein are offered by way of example only 

and are not meant to be limiting m any way. It is intended that the specification and 

examples be considered m exemplary only, with a true scope and spirit of the invention 

being indicated by the following claims. 
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What i$ claimed is: 

PCT/US2011/036648 

Chums 

!, A stimulus responsive polymer comprising a polyeleetrolyte backbone 
comprising one or more hydrophobic groups attached to the backbone, wherein, the 
polymer is capable ofbmdmg and precipitating a hiomolecale-'ofinterest in a sample 
upon addition of a stimulus. 

2. The stimulus responsive polymer of claim !> wherein the polyeleetrolyte 
backbone comprises at least two monomeric units. 

3. 'Flse stimulus responsive polymer of claim 2, wherein the poiyelectrolyte 
backbone comprises at least three monomeric units, 

4. The stimulus responsive polymer of claim 2, wherein each monometic unit jot 
the polyeleetrolyte backbone comprises a charge. 

5. The stimulus responsive polymer of claim 2, wherein at least 50% of the 
monomeric units comprise a charge. 

6. The stimulus responsive polymer of claim 1, wherein the biomolecule -of Interest 
is a therapeutic polypeptide, 

7. The stimulus responsive polymer of claim 1, wherein the biomolecoie of interest 

is an impurity present in a sample along with a therapeutic polypeptide. 

8. The stimulus responsive polymer of claim 7, wherein the imparity is selected 
from the group consisting of host cell protein, endotoxin, DNA, RNA, viruses,, lipids, 
whole cells and cellular debris. 

9. The stimulus responsive polymer of claim I > wherein the starralus is a 
multivalent ion. 
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10, The stimulus responsive polymer of claim wherein ihe multivalent ion is 
phosphate or citrate. 

11. The stimulus .responsive polymer of claim 7, where!® the therapeutic 

polypeptide is an antibody. 

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

monoclonal antibody, 

13. A stimulus responsive polymer selected from the group consisting of 
polyaliylamme, polyaliylamme modified with a benzyl group, polyvinyls mine and 
polyvmylamine modified with, a benzyl group, wherein the stimulus is phosphate or 
citrate, 

14. A method of separating a target molecule from one or .more imparities in a 
sample, wherein the method comprises the steps of; 

(a) providing a sample comprising a target-molecule and one or more imparities; 
(b) contacting the sample with a stimulus -responsive polymer according to claim 

1, thereby to Form a complex of-polymer and the om or mots imparities; ami 
(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, 

15 , The method of claim 14, whe rein the method further comprises one or more 

filtration steps. 

16. The method of claim 14, wherein the method further comprises ofte or more 
chromatography step. 

17. The method of claim 14, wherein the stimulus is a multivalent ion, 

18. The method of claim 17, wherein the multivalent ton is phosphate or citrate, 
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19. The method of claim 14, wherein the polyeleetrolyte backbone comprises m 
least two monomerk units, at least 50% of the units comprising a charge. 

20. The method of claim 14. wherfc-in the polyeleetrolyte backbone comprises at 

least three monomelic units, at least 50% of the units comprising a charge. 

2!. The stimulus responsi ve polymer comprising the following structure: 

wherein the polymer comprises a carbon, containing polyeleetrolyte backbone; Rj and 
R2 are charged groups which form & part of the backbone; R3 is a hydrophobic group 
attached to a c harged group in the backbone; and n is the number of monome ric units in 
the polymer, wherein n is equal to or greater than 2. 

22. The stimulus responsive polymer comprising the .following structure: 

Wherein the polymer comprises a carbon containing polyeleetrolyte backbone; R;. Rj 

and R* are charged groups which form a part of the backbone; .R4 is a hydrophobic 
group attached to a charged group in the backbone; R; is a group possessi ng a charge 

opposite of the charge found in R:.,'R2 or R3: and n is the number of monomeric units in 
the polymer, wherein n is equal to or greater than 2. 

R, 

93 



WO 2011/146394 PCT/US2011/036648 

23, A method of separating an antibody from one or more impurities is a sample 
using a stimulus responsive polymer according to claim 1, while minimizing .residual 
amounts of polymer, the method comprising the steps of: 

(a) providing a sample comprising an antibody ami. one or -mors impurities; 
(b) contacting the sample with a. polymer according to claim. 1 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 se t of conditions 

comprise adjusting pM or salt concentration of the sample before, during or after the 
addition of the polymer; 

(e) 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. 

24, The method of claim .23, wherein the antibody is a monoclonal antibody. 

25, The method of claim 23, wherein the oae or more impurities is selected from the 

group consisting of host ceil protein, DNA., RNA, viruses, antibody aggregates and cell 

culture additives. 

26, The method of claim 23, wherein the sample comprises a feedstock, 

27, The method of claim 23, wherein the sample comprises cell culture media into 

which an antibody is secreted, 

28, Use method of claim 23, farther comprising one or more chromatography steps. 

29, The method of claim 23, further comprising one or more filtration steps. 
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30, The polymer of claim 1 „ wherein the polyeleetrolyte backbone comprises a 

pol.yamiue backbone. 

31. The polymer of claim I. wherein the hydrophobic group is a phenyl group, 

32. A stimulus responsive polymer useful tor purifying a biomolecule of interest 

from a sample, the polymer comprising the following structure: 

wherein the polymer comprises a carbon containing polyeleetrolyte backbone; Rs, Rs 
are amines form a part of the backbone; Rj is a hydrophobic mods tying group present 
on 20% to 73% of the amine groups and consists of a phenyl group or derivative 
thereof; and n is the number of-monomeric units in the -polymer, wherein n is equal to or 

greater than 2. 

33, A stimulus responsive polymer for separating & target molecule from one or 

more impurities comprising the following formula: 

wherein the polymer comprises a carbon containing polyeleetrolyte backbone; Rj , Rj 

and R,? are amine groups which .form a part of the backbone; R* is a -pherjyl group which 
is attached io S% to 75% of the R;, R;; or Regroups; Rs is a cation exchange group 

r 

R 
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modifying 5% to 5(1% of the R.?, .Rj or R> groups; and a is (he number of monomeric 

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

34, 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; 
fb) contacting the sample with a stimulus responsive polymer .under a first set of 

conditions suitable for the polymer to bind one or more impurities, thereby io .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 before, 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 
(!) 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, 

35, 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 multi valent ion responsive polymer, wherein a 

multivalent ion. is added before, 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. 

36, The method of claim 35, wherein the multivalent ion stimulus is phosphate or 
citrate. 

37, The method of claim 35, wherein the stimulus responsive polymer is a 

copolymer. 
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38, The method of claim 35, • further comprising &e step of removing a .residua! 
amount of polymer after step (c ), wherein Ifee slep comprises the use of s membrane or 

resin modified with a multivalent ion. 

39. The method of claim 38, wherein the multivalent ion is phosphate, 
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