
METHODS OF DETErTING RESIDUAL AMOUNTS OF POLYMERS USED IN
THEFicATIoNspy.womotEcutEs Prihritv              The present application
claims the 1:ierizfit of priority of US, Provisional Patent Application No,
61/397,186, filed on June S, 2010, the entire conu.nt of which is
incorporated by reference herein in its entirety. Field of the jiavention
(0002]The present invention relates to methods of detecting residual
amounts of polymers which are used in processes fOr purifying hiomalecules
such as, for example, proteins, polypeptides, antibodies, vaccines and the
like. Backgratipd [000;]Efficient and economic large scale purification of
biomolecules such as, e.g., therapeutic proteins including antibodies, is
an increasingly important consideration for the biotechnology and
pharmaceutical industries. General,ly, the purification processes are quite
elaborate and expensive and include many different steps. For example,
ticalli. n 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 plasmid
containing the gene encoding that protein. in general, I-bib:ming the
expression of the target protein, its separation from one or more undesired
components including, e,g,, host cell proteins, media by-products and DNA,
poses a formidable challenge. Such separation is especially important when
the therapeutic proteins are meant for use in humans and have to be
approved by the Food and Drug Administration (FDA).  WO
2011/156467PCT/US2011/039595 [W04]in general., separatio.n and/Or
purification processes that are currently being used for proteins, include
at least the fbilowing steps: cell lysis to r.ti.COVer intracellular
protein or recovery of a protein from the media in case of a sectaed
protein; removai of cells and cellular debris using differefltial
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
impurities in the sample. 



[00051It has been demonstrated that certain polymers are especially useful
in the purification of biomolectiles from one or more impurities in a
sample. For example, the use of polyelectrolyte polymers in flocculation to
ptirify proteins is well established (see, e.g.. International PCT Patent
Application No, W(0008/091740), 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
(?,g,, a target molecule or an imptinty), Further, U.S. Patent Publication.
Nos,, 20080155027, 20090016651, 20090232737 and 20110020327, each of which
are incorporated by reference: herein in their entirety, discuss the use of
certain polymers, referred to as smart polymers, which are soluble in an
aqueous based solvent under a certain set of process conditions such as pH,
temperature and/or salt concentration and are rendered insoluble upon a
change in one or more of such conditions and subsequently precipitate out.
[00061in the case of smart polymers, it has been ibund that these polymers
may either bind one or more soluble and/or insoluble impurities or they may
bind the biomolecule of interest (e,g,, the target protein being isolated).
in general, such polymers can he precipitated Out of solution fill linving
exposure to a stimulus pH., temperature, salt etc.), as described in one or
more of 20080255027,  WO 2011/156467PCT/US2011/039595 1009-0036651,
200902:32737 and 20110020327, incorporated by reference herein in their
.entirety. 100071Although., the polymers con be precipitated out of
solution, the precipitation step does not always remove all of the
pci/plier preSent In the sample or the biological material containing
stream, thereby resulting in the presence of residual amounts of the
polymer in a sample containing the bioinolecule of interest Detection
ofamounts of polymer is especially crucial when the biomoleettle of
interest is a therapeutic protein,when the protein is meant for use in
humans and requires approval by the Food and Drug Administration (FDA).
Summary of the Invention 



[0008]The present invention provides a novel and a more sensitive method.,
relative to prior an methods, of detecting residual amounts of a polymer
used for enriching a biamolecule of interest in a. sample. Furthermore, the
methods of the present invention do not require sample processing and can
he carried out using equipment commonly found in laboratories, e.g., a
paymenise chain reaction .(PC.,-:R) lorma,"rycina$:..nne In ease 0,
011140ntte,au ostik I/ 't'- [0009]In ork,  aspect according to the present
invention, a method of detecting residual amounts of .a polymer in a sample
comprising a biomolecule of interest is provided, where the polymer is used
for separating the biomolecule of interest from one or more impurities, The
polymer may either bind one or more impurities or it may hind the
hioniolecule of interest, thereby to separate the biomolectile of interest
from one or more impurities. In some embodiments, the polymer may bind both
the biomoieetile of interest as well as one or more impurities, where the
bioinolecule of interest is subsequently selectively eluted, whereas the
one or more impurities remain bound to the polymer.  [0010]in some
embodiments, a method for detecting 'residual antounts of a polymer
according to the claimed inventioi cony-rises the. steps of: (1) Contacting
a sample containing the him-1101mile of interest and one or more impurities
with a polymer, ,Aere the polymer is associated with a tag; and (2)
detti.cting -the tag" where the amount of tag detected is indicative of the
amount of residual polymer in the sample comprising the biomolecule of
interest,. {00111in some embodiments, the tag is an oligonucleotide
molecule. In other embodiments, the tag is t. noo-oligonueleotide,
molecule, e.g.,. a hapten molecule, a fluorescent molecule or a radioactive
molecule. In instances, where a. molecule is the detectable- moiety, the
terms "tag" and "molecule" may be used interchangeably herein. [00121A tag
may either be attached to a. polymer being detected or it may he attached
to an oligonueleotido molecule which is in turn attached to the-polymerin
detected. Alternatively, the tag may be attached to a probe which
hybridizes to the oligonucleotide molecule which is attached to the polymer
being detected. [0013;In case of an oligonucleotide molecule, the molecule
may be detected using amplification means (e.g,,..PCR) or nonampli fication
means e.g., use of a probe which hybridizes to the oligonueleotide molecule
or a fluorescent molecule, haphin molecule or radioactive molecule attached
to the oligonueleotide molecule or attached to a probe which hybridizes to
the -oligonucleotide molecule), 



1001 41in some embodiments, a. polymer is a stimulus responsive polymer. in
some embodiments, the pobmer is used for clarification (Le., binding to one
or more impurities in a sample -containing a biomolecule of inn'.Test and
one or more impurities). En other embodiments, the polymer is used for
capture (if.f.i", binding to the biomoleetdo of interest), in still other
embodiments, a polymer binds to both the  WO 2011/156467PCT/US2011/039595
biomolecuie of interest and one rmore impurities " .wherc the .bioniolecede
of interest is subsequently selectively' elated from the polymer, whereas
the one or more impurities remain bound to the polymer, [OW 51Accordingly,
in some embodiments, a method for detecting residual alTIOUritS of a
stimokis responsive polymer is provided, where the method comprises the
steps of: tI ) contacting a solution containinga hiomolecule of interest
and one more impurities with a stimulus responsive polymer, where the
polymer is associated with a taa. such that to form a complex of polymer
and one or more impurities; (2) applying a stimulus to the solution,
thereby to precipitate the complex; (3) removing the precipitate from the
solution; and (4) detecting the tag in the solution containing the
biamolecult of interest, where the amount of tag detected is indicative of
the amount of residual polymer in the solution comprising the biomolecule
of interest. [0016)hi another embodiments, a .method for detecting residual
amounts of a stimulus responsive polymer composes the steps of: 'I)
contacting a solution containing a biomolecule of interest and one or more
impurities with a stimulus responsive polymer, where the .polymer is
associated with a. tag and where the   )1yrner fun s complexes with both
the him:DO:mule of interest as Well as the one or more impurities under a.
first set. of conditions; (2) adding a stimulus to the so h thereby to
precipitate the complexes; (3) subjecting the precipitate to a second set
of conditions-, thereby to selectively elute the biomoleettle of interest
from the complex; and (4) detecting the tag in the elnate containing the
.biomolecule of interest, where the amount of tag detected is indicative of
the amount of residual polymer in the oblates [0017]in some .embodiments,
.there is a wash step between steps (2) and (3).  WO
2011/156467PCT/US2011/039595 [0018]In some embodiments, the stlinulus
responsive polymer is responsive to a salt stimulus or a pH stimulus. In a
particular embodiment, the polymer is responsive to a mUltivalent anion in
Ins. 



[0019]Exemplary stimulus resp(maive polymers iticlude, but are not limited
to, polyvinyIamine, poiyallylamine, polyvinylpyridine and polymers modified
with a hydrophobic group, [0020]In various embodiments, the tag (e.g., an
oligonueleotide molecule or a non-oligonucleotide molecule such as, a
hapten molecule, a fluorescent molecule or a radioactive molecule) is
covalently attached to the polymer, or the tag (e.g., a batten molecule, a
fluorescent molecule or a. radioactive molecule) is royale-m.1y attached to
the oligonueleotide which in turn is attached to the polymer. In some
embodiments, the tag is attached to a. probe which hybridizes to the
oligonueleotide molecule which in turn is attached to the polymer. [0021]In
some embodiments, where the tag used is an oligomiclootide molecule, the
detection step comprises an amplification maction, in some embodiments, the
amplification reaction comprises use of a Set of primers which hybridize to
the 5 and the 3' ends of the oligonucleotide molecule, in a particular
embodiment, the amplification reaction comprises use of a polymorase chain
reaction (PCR), [0022]In some embodiments, where the tag used is an
oligonacleotide molecule the detection step comprises a non-amplification
reaction. In an exemplary embodiment, the non-amplification reaction
comprises use of a. labeled probe which hybridizes to the oligomicleotide
molecule. In a particular embodiment, the labeled probe comprises a
detectable dye, In another exemplary embodiment, the non-amplification
reaction comprises the use of a hapten tag which is attached to an WO
2011/156467PCT/US2011/039595 olig911Ueleotide molecule, in yet another
exemplary embodiment, the non amplification reaction comprises the use of a
radioactive tag or a fluorescent tag attached to the oligonudeotide
molecule.. In still other embodiments, a hapteri, flnoreseent or
radioactive .tag is attached to a probe which hybridizes to the
oligonucleotide molecule .attached to a polymer, which is being detected.
[0023]In some embodiments, an oligonucleotide molecule used in the methods
of the present invention comprises a length which is 60 nucleotides or
shorter. En some embodiments, the length of the oligonneleotide tag is
selected from the group consisting of 10 nucleotides, IS, nucleotides, .20
nucleotides, 25 nucleotides, 30 :nucleotides, 35 nucleotides, 40
nucleotides, 45 nucleotides., 50 nucleotides, 55 nucleotides and 60
nucleotides. T0'41In some embodiments, the oligonucleotide molecule
comprises a reactive group at the 3' end of the tag. The reactive group may
be chosen from a hydroxyl group, an amino group, a halogen group, an epoxy
group, a carboxyl group, and a stilfhydryl group. In some embodiments, the
reactive group may be further modified, 6,.?,g, to create yet another
reactive group which interacts with the reactive group on the .polymer. 



000251In some embodiments, the pcdymcr comprises a reactive group. The
reactive group may be chosen from an aldehyde group, an epoxy group, a
carboxylic acid group, a hydroxyl group, an amino group (primary,
secondary, or tertiary, including pyridine), a suithydryl group, and an
aromatic group. [0026]In still other embodiments, the oligonucleotide
molecule comprises a first reactive group and the polymer comprises a
second reactive group, where the first and second reactive groups are
covalently attached to each other. The reactive STOUp 5 may be chosen from
those described above and may he coupled directly or via  WO
2011/156467PCT/US2011/039595 a linker, in a particular embodiment., an
ohgonucleotide Molecule containing a reactive amino group is reacted with
iodoacetamide activated with 1,1 '- carbonyldiimidazele and then
.eonjugated to the pyridine reactive group of the polymer
poly(4-vinylpyridine)" [0027]In some embodiments, a tag (ollgonueleotide or
non-oligonuclootide) which is not associated with the polymer is removed by
purification. Exetnplary purification methods include, but are not limited
to, precipitation:, filtration. through an anion exchange membrane,.
ultrafiltration." diatiltration, and ad pertneation chromatography. 0028]In
some eMbodiments, the hiomolecule of interest is selected from the group
consisting. of a .protein (le,g,, a recombinant protein), an antibody and a
vaccine. In some embodiments, the antibody is a monoclonal antibody.
[00291In a particular embodiment, a method according to the present
invention uses an oligonueleotide molecule .comprising the sequence set
.forth in SEQ ID NO:1 [00101In some embodiments, the oligonucleotide
molecule comprises a. 



nucleotide sequence .predicted to be free of secondary structure, [0031]in
some embodiments, the oligonucleotide molecule comprises a nucleotide
sequence free of horoopolymerti of four :or more bases in length, [0032]in
some embodiments, the polymer is poly(4-virtyl pyridine). In other
embodiments, the polymer is polyvinylanaine, la still other embodiments,
the pOtymer $ polyallylamine.. hi still further embodiments, the polymer is
a polyallyiamine or polyvinylamine polymer modified with a hydrophobic uoup
in a particular embodiment, the polyallylamine has a molecular weight of
150 :kDa., .where  WO 2011/156467PCT/US2011/039595 30 ..N3 of its ariline
groups are covaiently :modified through a. reaction with benzylchloride"
[0033.1in some embodiments the polymer is responsive to addition of
nutltivalent anions, fOr example, .phosphate or citrate ions. [00341En
:3orne embodiments. bn, used for detection is , fluorescent m or a
fluorophore, .which may be attached to a polymer or to an oligonueleotide
molecule which 'binds the polymer, Alternatively, it may be attached to a
probe which hybridizes to the .oligontieleotide molecule, [00351Exemplary
.fluorr....scent tags include, but are not limited to N-414,4- di fl two-
"3,5,7-tetram ethyl.-4-bora-3 a,4a-diaza-s-indacerie-2- yihod oacet am ide
(also known as BODIFY(r) 507/545 IA (INVITROGEN)) and 7-hydroxycoumarin-3-
carboxylic acid, sueeinimidyl ester .(INVITR.OGEN), [00.361In some
embodiments, the polymer bearing a covalent:1y- attached 



fluorescent molecule or fluorophore is detected and quantified
144f"fluoreseence .spectrophotom.etry, [0037]In some embodiments, a tag
used .for detection is a radioactive molecule, which may be attached to a
polymer or to an oligormoleoti& molecule which binds the
polymer"Alternatively, it may be attached to a probe which hybridi2:es to
the oligonucleotide molecule, [00381Exemplary of .radioactive tags incluk,
but are not limited to, methyl iodide [3. and methyl iodide [14C] (MP
BIOMEDICALS), [0039)in some embodiments, the polymer bearing a covalently
attached radioactive group ri.3 detected and quantified using a
scintillation counter. [0040]In some embodiments, a tag used for detection
is a hapten molecule which may be attached to a polymer or to an
.oligonucleotide molecule which hinds  WO 2011/156467PCT/US2011/039595 the
polymer. Alternatively., it may be attached to a probe which hybridizes to
the ohgonucleolide .molecule." Exemplary hapten tags include, but are not
limited to, fluorescein, biotin, and .dinitrophenol. Examp1(.':s hapten
tags including a reactive group include DNP-X. SE,
o44,4-dintirophenyl)aTilh.10heXanoic acid, succinimidyi ester OVITROGEN),
DSR-XP4 biotin C2-iodoacetamide (desthiobiofin-X C2- iodoacetamide)
(f.NVITROGEN), and 5(6)-fluorescein isothiecyanate mixed isomer (THERMO
SCIENTIFIC), (00411In some embodiments, a polymer containing an attached
bapten is detected and quantified using an immunoassay, such as an ELISA,
An exemplary example of an ELISA is the Biotin 'EL:ISA Kit (ALPCO
DIAGNOSTICS), 



[0.04').1In some embodiments, a polymer containing a covalently attached
hapten is detected and quantified using an avidinistreptavidin detection
method kno:,...n in the art or use of enzyme reporters and amplification
techniques horseradish peroxidase, alkaline phosphatase), tyramide signal
amplification or fluorescent probes. I0043]In some embodiments according to
the methods of the invention, the one or more impurities are selected from
the group consisting of whole cells, cell fragments, lipids, DNA. RNA, host
cell proteins, endotoxins and viruses, Brief Deser' itk n f the Drawio fs
0044)Figure 1 depicts a schematic of a purification process as applicable
to a pH dependent. polymer such as poly(4-vinylpyridine), which has binding
affinity fOr a desired biornolteu 1 e of interest, [0045]Fignre 2 depicts
an industry standard template for the purification of monoclonal
antibodies,  WO 2011/156467PCT/US2011/039595 [0046]Figt 3 is: a graph
depicting a quantitative PCR calibration curve Ihr -un-conjugated
oligonucleutid.e tag. The circled point is for -10 copies of tag input as
.determined from dilution of a stock of an oligonueleotide of unknown
.weight resuspended in a known volume. [00471Figure 4 is a graph depicting
the characterization of the molar ratio. of 



an oligenueleotide tag to polymer in the oligonucleolido-conlugated
polymer. Open diamonds .sho readout obtained with un-r;enjugated
oligonucleotidc tag, dosed diamonds show readout obtained .With standard
workup of the oligonucleotide tag -conjugated polymer and the dosed
triangles show the readout Obtained with the oligornicitotide
tag-conjugated polymer purified by precipitation from reaction mixture in
&methyl forniamide using ethyl acetate, followed by resespension ifl
methanol and re-precipitated with 0.,1 M sodium hydroxide. "Based on the
assumption that the sensitivity for conjugated and .un-conjugated
olisonucleotide tag is similar, the sensitivity for conjugated
cdigornieleotide-tagged polymer is -125 parts per trillion or lower thr the
experimentally determined conjugation mho of I molecule of tag per 500
molecules of polymer. [0048]Figure 5 is a schematic depicting the use of
oligonucleotide tag, conjugated polymers for downstream process monitoring,
the process workflow is shown where the oligonudeotide-tag conjugated
polymer is used thr simultaneous clarification and purification where the
polymer binds both the bioniolecule of interest as well as one or more
impurities, where the biamolecule of interest is subsequently selectively
elated,. whereas the one or more impurities remain bound to the polymer.
[0049]Figure 6 is a graph depicting, the analysis of various fractions from
the workflow in Figure 5 for residual polymer using readout from the
oligooticleotide tag tracer"As the fractions move through the purification
process:, the curves begin to  WO 2011/156467PCT/US2011/039595 flatten out
with a crossi4. threshold (CO of around 48 for all dilutions, similar to
the no tag control, '0050]Figure 7 depicts a standard curve fir quantifying
unknown concentrations of a BODIPY 507./545 tagged polymer" which was
generated using known amounts of a BODIPY 507/545 tagged, hydrophobically
modified polyallylatillile Stimulus responsive polymer. The concentration
of polymer in pans per million (ppm) is shown on the x-axis and intensity
at 545 DM is shown on the yaxts. 10051]Figure 8 is a graph depicting the
quantification of a BODIFY 507/545 tageed, hydrophobleally modified
polyaIlylamine stimulus responsive polymer remaining after flocculation and
clarification of a cell culture medium. The floccularit dose % (weight of
polymer/volume of cell culture fluid) that was added is shown on the xaxis
and the residual polymer detected in the filtrate is shown on the y-axis in
parts per million. Detailed Description of the invention [0052]The present
invention provides methods of detecting residua( amounts of a polymer in a
sample, where the polymer is used for separating a biomolecule of interest
from OM or more impurities. In some embodiments, such a polymer is "a
stimulus responsive polymer" or "a smart polymer.- In some embodiments, the
smart polymer hinds a biomoleenit: of interest. in other .arobodiments, the
smart polymer binds one or more impurities. In still other embodiments, the
smart polymer binds both a hiomolectile of interest and one or more
impurities, where the biomolecule of interest is subsequently eluted from
the polymer and the one or More impurities remain bound to the polymer, 



[00531hi order that the present diselO8Ure may be more readily understood,
certain terms are first defined. Additional definitions are set thrth
throughout the detailed :description, [00541As used herein, the term
"biorholecule of interest" or "desired hiomoleonle of .interest"" refers to
a biological material. (e.g., a target hiomolt,cule or a product of
interest) which is being separated from one or more impurities using a
polymer, e,g" a stimulus responsive polymer. Exemplary biomolecules of
interest include, .fbr example, .proteinsrecombinant proteins), antibodies
and vaccines. In a particular enthodiment, a biornolectile of interest i.s
a monoclonal antibody, hi some embodiments, methods according to the
present invention detect residual amounts of a polymer which may be
remaining after binding and precipitating (not .necessarily in that order)
a biomolecule of interest, thereby to separate it from one or MON
impurities. In other embodiments, the methods according to the present
invention detect residual amounts of a polymer which may be remaining in a
sample: after binding and precipitating (not necessarily in that order) one
or more impurities., thereby to separate a biomolecule of interest from the
one or more irapurities. [00551As used herein, the term "one or more
impurities," as used herein, refers to any foreign or objectionable
molecUle,. including a whole cell, cell hagrocot or a biological.
.macromolecule such as a DNA, an RNA, one or more host cell proteins,
endotoxins" lipids and one or more additives which may be present in a
sample containing a biornolecule of interest that is being separated from
such a. foreign Or objectionable molectile. In some embodiments .according
to the present invention, one or more impurities are removed from a sample
containing a. biomolecule of interest and one or more impurities using a
polymer.. Methods according to the invention enable detection of residual
amounts of a polymer which  WO 2011/156467PCT/US2011/039595 may be used for
the separation of one or more impurities from a :biornolecule of interest.
[0056.]The term "polymer as used herein, refers to a molecule -ffirmed by
covalent. linkage of two or more monomer units. These monomer units can be
synthetic or occur in nature.. The polymers formed by the repeating units
can be linear or branched. Examples of polymers include, but are not hmited
to, polyethylene       polypropylene glycol, polycthylene, polyallylamine,
polyvinylaleohel, pOlystyrene and copolyrners (a
polystyrene-co-polymTidine, polyacrylic acid-comethyl inethacrylate,
pluronics, PF68 etcL tn some embodiments according to the present
invention, polymers comprise a nolytelectrolyte backhone"Also described
herein are copolymers, which may be used in the methods .according to the
present invention, where the copolymers arc responsive to a stimulus. In
general, it is understood that in ease of polymers, the monomeric units are
of the same type, whereas, a copolymer will usually have different types of
monomeric units, 



[0057)The term "stimulus responsive polymer," as used herein, is a.polymer
or copolymer which exhibits a change in a physical indlor chemical property
after the addition of a stimulus, A typical stimulus response is a change
in the polymer's solubi lit, [00581In some embodiments, a stimulus
responsive polymer is soluble under a certain set of process conditions
such as pH, salt concentration or temperature and is rendered insoluble and
precipitates out of solution upon a change in conditions (temperature,.
salt concentration or pH),as a response to the change in one or more
conditions,. For example, the polymer poly(N-isopropylacrylamide) is water
soluble at temperatures below about 35 A,7, but become insoluble, in water
at temperatures of about 35 `)C. Smart polymers may be used for binding one
or more  WO 2011/156467PCT/US2011/039595 impurities (Yr they may be used
for binding a biomolecule of interest in a sample containing the
biomolecule of interest and OM or niore inpurities Accordingly,in some
embodiments, methods .according to the invention may be used for the
detection of residual amounts of a smart polymer which may remain after the
binding and/or necipitation of the hiomolecule of interest. with the smart
polymer. In some embodiments, residual amounts of smart polymer are
detected after elution of the bioniolec.ule of interest from the polymer,
In .c.sther embodiments, residua I amounts of a smart polymer are detected
after binding and/or precipitation of one or more impurities with the smart
polymer, [0059]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. Accordingly, the
present invention provides methods of detecting residual amounts of
polymers which are responsive to a. stirnulus which .results in a change in
the solubility of the polymer. Examples of stirnuli to which polymers may
be responsive, include,        but are not. limited to, e.g., changes in
temperature, changes in conductivity, changes in electric .and/or magnetic
field and/or changes in pH, in some embodiments, a stimulus comprises
addition of a complexing agent or a complex forming salt to a sample. In
various embodiments, a stimulus is generally added after the addition of a
polymer to a sample." Although, the stimulus may also be added during or
belbre addition of a polymer to a sample. [00601In a particular embodiment,
a stimulus is a salt. Exemplary salts include., but are not limited to,
multivalent ions such as, es. citrate, phosphate, sulfate and EDT A, and
ion-association .salts such as perchlorate, dodecyl sulfate sodium salt,
.dodecyl benzene sulfate., F41.1)-41-chloro-2-nitrophenol. anion,
tetraphenyi 



borate sodium salt and hexanitrodinhcnol amine (see. e.g., ANALYTICAL
SCIENCES, DECEMBER 087, VOL. 3, p. 479). in general, one of ordinary skill
in the art would be familiar with mraterous salts which are known in the
art and may be used as a stimulus with the poirriers described herein.
[0061in various embodiments described herein, a 'stimulus such as, e:.g, a
salt, ad.(kd to a sample containing a biomoleedic of interest and one or
more impurities following the addition of a polymer which hinds one or both
of the biomolecule of interest and/or one or more impurities. The addition
of a stimulus, a salt, results in the precipitation of free .polymer as
well as both soluble and iu.soluble complexes of the polymer and one or
'both of the hiomolecuie of interest and/or one  and more impurities. ,
"The amount of a salt. which is required to induce. precipitation of the
soluble or insoluble complexes depends on factors such as, e,g,, pH,
polymer concentration and concentration of biomoleenic of interest or one
or more impurities which the polymer binds. For example, some
polyeleetrolytes such as povallyiamine have a charge density which varies
with pH (level of amine protonation), As the pH is increased, the levol of
charge density is reduced so the degree of stimulus required to induce
precipitation will be different than the degree of stimulus at a lower pH
or higher charge density state. [00631As used herein, the terms
"enriching:' "separating," "isolating" and "purifying" refers to the method
of using a polymer to purify one or more desired blomolecules from a sample
or a biological material containing stream. in various embodiments,
enriching, separating, isolating or purifying a hiomolecule of interest
encompasses removal of one or MOTO impurities present in a sample
containing the biomolecule of interest. A biomolecule of interest may be
separated from one or  WO 2011/156467PCT/US2011/039595 more impures either
by using a polymer which binds theor more impurities or by using a polymer
which. binds he him/mit:Tide of interest. In soriu.'. embodiments, a.
xilymer binds both a biornolei..'ult of interest as well as one or more
impurities, where the 'biemolecule of interest is subsequently selectively
On:Led from the polymer, whereas the one or more impurities remain bound.
[00641As used herein, the term "residual amount" or "residual amounts'
refers to an amount of polymer used for purification of biological
materials, e.g., a stimulus responsive polymer or a polymer used for
flocculation" which .amount is equal to Or less than the amount which will
remain dissolved and/or dispersed in a sample or a biological .material
containing stream. after the polymer binds and precipitates one or more
impurities or binds and precipitates the desired. bionioiecule of interest.
The residual amount also Rik:is to an amount of polymer, e.g,, a stimulus
responsive .polymer, which amount is equal to or less than the amount which
will remain dissolved and/or dispersed in a sample or a biological material
containing stream slier a stimulus is applied, such that the polymer binds
and precipitates or precipitates and binds one or more impurities or a
desired hiomolecide of interest. 100651As Used herein, the term
'composition", "solution- or "sample' refers 



to a biological material containing stream. Typically the 'biological
material containing stream refers to a mixture of a biumolecule of interest
or a desired product to be purified along with one or more undesirable
entities or impurities, in some embodiments, the sample comprises a Nom.
lee ul e of interesta. therapeutic protein or an antibodKl along with one
or more impurities (e.g., host cell proteins, DNA, RNA, lipids, cell
culture additives, .cells and cellular debris). .Generally, the biological
material containing stream may be subjected to a purification scheme, as
depicted in Figure 1. In some embodiments, the sample comprises feedstock
or cell  culture media into which a biamolecule of interest or a desired
product is secreted, in some embodiments., a sample from which a
biomolecule is to be purified using one or more stimulus responsive
polymers described herein is"partially purified" prior to contacting the
sample with a :Ai DIU1US responsive polymer, Partial purification may be
accomplished, for example, by subjecting the sample to one or more
purification steps, such as, e.g,, one or more non-affinity chromatography
steps such as, fOr exampl e, depicted in Figure 2, The biomolecule may be
separated from one or more undesirable entities or impurities either by
precipitating the one or more impurities or by precipitating the
blomolecule of interest. [0066jIn some embodiments, a stimulus responsive
polymer selectively and reversibly binds to a biamolecule of interest under
a first set of conditions and precipitates the "biomolocule of interest
under a second set of conditions, e,g" upon the addition of a stimulus to
the sample., in other embodiments, a stimulus responsive. polymer
selectively binds to one or more impurities under a first set of conditions
and precipitates the one or more impurities under a second set of
conditions. In some embodiments, a stimulus responsive polymer selectively
binds and precipitates one or more of host cell proteins, DNA, whole cells,
cellular debris, viruses and/or cell culture additives, upon the addition
of a stimulus. In still other embodiments, a stimulus responsive polymer
binds both a biornolecule of interest as well as one or more impurities
under a first set of conditions and where the biomolecule of interest is
selectively elated from the polymer under a second set of conditions,
whereas the one or more impurities remain bound. [0067]The term
"precipitate," precipitating' or "precipitation," as used herein, refers to
the- alteration of a bound (e.g., in a complex with a hiomolecule of
interest or one or more impurities) or unbound polymer from an aqueous
and/or soluble state to a non-aqiieous andior insoluble state. [00(381The
term -tag" as used herein, refers to any molecule which is capable of being
hound to a polymer, as used herein, and can be detected using suitable
means. In one embodiment, a tag used in the detection methods according to
the claimed invention is an oiigonucleotide molecule, which can be detected
using amplification means or non-amplification means. In another
embodiment, a tag used in the detection methods according to the claimed
invention is a hapten molecule, a fluorescent molecule or a radioactive
molecule, which is directly attached to the polymer and can be readily
detected using, suitable means well known in the art and those described
herein. Further, in certain embodiments, instead of a hapteri molecule (e,
biotin), a radioactive molecule or a fluorescent molecule being attached to
a polymer, they are attached to the oligonucleotide molecule, which in turn
is attached to the polymer, in further embodiments, a hapten molecule, a
fluorescent molecule or a radioactive molecule are attached to a probe
which hybridizes to an oligonucleotide molecule attached to a polymer, and
can be subsequent y detected, 10069As used herein, the term
"olntonucleotide tag" or 'oligonucleotide 



molecule," refers to a nucleic acid molecule which is capable of binding to
a. polymer and is used for the detection of that polymer. In a particular
embodiment, the oligonucleotide tag used in the methods according; to the
present invention comprises the sequence set forth in. SEQ. lin NO: 1. It
is desirable that the sequence of the olieonucleotide tag or molecule used
in the methods of the present invention does in-A otherwise appear in the
various components of the biological material containing. stream. One of
ordinary kihl in the art will be readily able to verify the presence or the
absence of the sequence of the oligonueleotide tag, e.g., using
computational (e.g.,  BLAST against host cell DNA sequence) or expedmental
methods (e.g., hybridization techniques) well known in the art. In some
embodiments, the association between the polyiner and the oligonueleotide
molecule comprises covalent attachment In some embodiments, the
oligonucleotide molecule is deteciW using an atnplification reaction. In
other embodiments., the ohgonucleotide molecule is detected using a
non-amplification reaction, e. a.. in instances where the olittonucleotide
nokcule is itself labeled with a detectable moiety such as, for example', a
hapten molecule (1 biotin), a fluorescent molecule or a radioactive
molecule. Further, hybridization methods using, e.g.:, a probe, may be used
ibr the detection of the :oligonueleotide Molecule. In some embodUnents, a
probe is :labeled with a hapten molecule, a fluorescent molecule or .a
radioactive molecule, 90701As used 'herein, the term "primer" refers to a
single-stranded nucleic , acid molecule that is capable of hybridizing to
an oliopnucteank.te molecule or its reverse complement and can participate
in an amplification reaction (e.g., poiymerase chain reaction) .under
appropriate conditions.. In some embodiments, an oligonucleotide molecule
is detected using a set of 5' and 3' primes which are capable of
hybridizing to an eligomicleotide molecule and can be used for the.
detection of the oligonueleotide molecule. The amount of the
oligonueleotide molecule 'detected is indicat ve of the amount of residual
polymer present in a sample. [0071)As used herein, the term "probe" refers
to a single-stranded nucleic acid molecule which is capable of hybridizing
to an oligo.nucleotide molecule ag," under stringent hybridization
conditions, En some embodiments, the probe is a labeled probe, in that it
has a detectable signal attached to it. In some embodiments, the detectable
signal is a label, e.g., a dye. In some embodiments., the amount of the
probe detected is indicative of the amount of residual polymer present in a
sample, In  WO 2011/156467PCT/US2011/039595 some embodiments, the probe
includes a bapten molecule, a radioactive meleente or a .fluoreseent
molecule, which can be detected, [0072]As used herein, the term. '"capable
of I  ridizmg" means that 



Watson-Crick-type hydrogen bonds can be formed between anti-parallel
nucleic acid strands that favor a dupkx state fir the nucleic acid strands
under given conditions, e.g., stringent hybridization condition& [0073]As
used herein, the term detecting the tagrefers to a method that allows
measurement and quantitation of a tag, as used herein. In some embodiments,
where the tag is an oligonucleotide molecule, detection comprises use of an
ampliiii.ation reaction ( e.g., using a poi, l'rase chain reaction). ID
other embodiments when the tag is an oligenueleotido molecule, detection
comprises use of a non-amplification reaction (eusing a labeled probe or
use of a detectable moiety such as, a hapten molecule, a fluorescent
molecule or a radioactive molecule attached to the oligonucleotide molecule
or to the probe). In still other embodiments, a tag is attached to a
polymer instead of an cligonticleotide, which can subsequently be detected.
AccordIngly. a detectable moiety including, hut not limited to, e.g., a.
haptell molecule, a fluorescent molecule or a radioactive molecule may he
attached to a polymer, [0074]As used herein, the term 'amplification
reaction" refers to methodology whereby an initial number of molecules are
increased to a greater number of molecules, In some embodiments,
amplification wtion employs polymerase chain reaction. [00As used herein,
the term "rea-va set of atoms in a molecule that react preferentially with
another molecule over atoms in the remainder of the molecule under a given
set of conditions.  WO 2011/156467PCT/US2011/039595 [0076]As used herein,
the term "secondary structure of an oligonticleotide molecule, as used
herein, refers to a three-dimensional form created by basepairinR
hiteractions within a single nucleic acid molecule. Generally, in case of
nucleic acid molecules, the secondary structure is created by the hydrogen
bonding between the nitrogenous bases, :In various embodiments according to
the present invention, it is desirable that an oligonucleotide molecule
used in the methods according to the present invention is free of secondary
structure, Secondary structure in a nucleic acid molecule can be easily
predicted using one or more software tools well known to one of ordinary
skill in the art and those described herein. ILExei 'tar vocessc frifvI 0 a
ironoIeeuteof suteres utilizinty kolvinter 



[00771In general,. a bic,-Imolecule of interest such as, for example, a
protein (e,g.., a recombinant protein or an antibody), may be purified
.using a method which employs expression of the .protein in a host cell
(e.g., by 'using a host cell which includes a nucleic acid molecule which
encodes the protein) followed by the purification of the protein, [0078]In
some instances, a. desired host cell 'line is grown in a bioreactor in
order to express the protein at desirable levels.. Exemplary host cell hues
include Chinese hamster ovary (QUO) cells, .myeloma (NSO) cells, 'bacterial
cells such as 17:, coil and insect cells, Once. a .protein is expressed at
the desired levels, the protein is removed from the. host cell and
harvested. Suspended particulates. such as cells, cell fragments, lipids
and other insoluble matter are typically removed from the
protein-containing .fluid by filtration or centrifugation, resulting in a
clarified fluid containing the protein of interest in solution as well as
other soluble impurities.  110'791Ti'e second step typically involves the
puri-fication of the harvested protein to remove one or more impurities
which are inherent to the process. Examples of such impurities include,
e.g., host cell proteins (WT., which are proteins other than the desired or
targeted protein), and& acids, eildotoxins, viruses, and protein
aggregates. This purification process typically involves several
Chromatography steps, which can include affinity, ion exchange hydrophobic
interaction, etc. on solid matrices such as porous .agarose, polymeric or
glass. An exemplary purifi.cation process is depicted in 'Figure 2..
[00801Other alternative methods for purify g proteins have been
investigated in recent years. One such 'method involves a. flocculation
technique (see,. e.g." W02008/091740), In this technique, a soluble
polyeicetrolyte is added to a clarified or unelarified cell culture broth
to capture the impurities thereby to forrn llocculant, which is allowed to
settle and can be subsequently removed from the protein solution.
1..00g1.1In co-pending US. Patent Publication No,10090036651, incorporated
by reference herein in its entirety, a polymer, soluble under certain
conditions,as temperature or pH, is used to selectively bind one or more
impurities while in its soluble state and is then precipitated out upon a
change in condition (pH or temperature, et0 removing the one or more
impurities with it. The biomolecule of interest can be lumber subjected to
traditional chromatography or membrane absorbers and the like. 



[00821FIG. l depicts a schematic of a non-limiting purification process as
applied to a pH dependent polymer such as poly(4-vinylpyridine), hcb is
capable of binding one or more impurities, in the first step,. the mixture
is conditioned to the correct parameter(s) to maintain the polymer of
choice in solution. Alternatively, if  the conditions of the mixture are
already such that the polymer(s) become soluble in the mixture, no Rather
conditioning may be required. Also, the polymer(s) may be added as a solid
to an unconditioned mixture and then the mixture (containing the solid
poer(s)) may be conditioned to the correct parameters to dissolve the
noIymer(s) in the mixture, In the second atep, the polymer-(S.) is added to
the mixture and caused to go into solution in order to contact the various
constituents of the mixture, It is co ucipplated that the second. step may
occur in .a bioreaetor,if .se bioreuetor is a disposable item or in a
separate holding tank, as desired. In a third step, the mixture conditions
are Changed to cause the polymer(s) to precipitate. Out of solution while
retaining one or more entities of the mixture with it. The mixture and the
precipitated polytner(a) are then separated from each other in the fourth
step. The precipitate and remaining mixture may be separated by centri
thgation or filtration, ]Of...)831In some embodiments, once a cell culture
fluid is clarified, the biomolecule of interest may be sajected to one or
more known additional process steps such chromatography stops including, b.
t not limited to, ion exchange, hydrophobic interaction or affinity
performance tangential flow filtration (lrIPTFF) with or without charged UE
.membranes, viral removal/inactivation steps, final .filtration steps and
the like. [0084]One undesired outcome of using polymers in the purification
of a .biomoleculle of interest from a biological containing stream is the
possibility that an undefined amount of polymer may .remain in the stream.
If destred, one may conduct one or more additional steps to ensure that all
poimer h' s been removed. from the mixture by subjecting the mixture to a
step containing a material that will remove any residual polymer from the
mixture such as ion exchange resin, activated carbon, alumina,
diatpala00.6. earth and the like, Ik)wever, A is desin.thle to ha ,e a
senst  WO 2011/156467PCT/US2011/039595 assay to quantify- residual polymer
amounts and track. the efficiency Of the steps described above in removing
any residual polymer. The methods according to the present invention
provide improved and sensitive assays to detect and uant residual amounts
of polymers. 



[0085jWithout wishing to be bound by theory, ii is understood that the
detection methods according to the claimed invention may be used in
conjunction with any purification process which employs a polymer flu'
precipitating one or both of a biomolecule of interest and/or one or more
impurities where a detectable oligonucleotide or non-oligonuclotIde tag, as
descried herein can be attached to the polymer. ilLExemar &yniers for use
in methodg of, rifvino .bio o intert.st [0086]POlymers including those
described in U.S. Patent Publication Nos, .20080255027, 2009(.036651,
20090232737 and 20110020327, as well as U.S. Patent Application No. 13R
08576, each of which are incorporated by .reference in their entirety
herein, may be used in methods described herein, [0087]Exemplary polymers
include, but are not limited to, _ v isopmpylacrylamide), agarose, dextman.
polyethylene oxide. hydroxyalkyl cellulose, cationic polyelectrol;,,lefi
chosen from the group containing Chi t(3Sall, p lyvinylpyridine, copolymers
of vinyipyridine, primary amine containing polymers, secondary amine
containing polymers, tertiary amine containing polymers, and anionic
potrAectrolyte.ss chosen from the group con iaimng CO poi yiners of acrylic
acid and methyl rn tiucrylate and ccp01 yrn &IS of meth acryli e acid and
methyl methacrylate, t005N1One or more. polymers such as, e.g., poly
'-vinyl c;',prolactarn), Pol:t?(N-acry oylpiperidine), poly(N-y nyl
sobutyramidc) olyieN-siihstititted  WO 2011/156467PCT/US2011/039595
acrylamide)poly(N-5opropylacrylami4e), pely(N"N-diethylacry)amide), and 



poly(N-acryloyl-N,alkylpiperazine), hydroxyalkyleellulose, copolymers of
acrylic acid and mediae:Tyne acid, polymers and copolymers of 2 or
4--,,inylpyridine and chitosan may be used in the methods described herein,
either with or without a figand or a functional group attached to the
polymer, in order to selectively and reversibly. bind to biomolecule of
interest, or one or more impurities,. thereby to separate the biomelecule
of interest from (3TIQ or more impurities in a sample, e,g,, a biological
material containing stream, 100891In a particular embodiment, a polymer
used in the methods according to the claimed invention is a polyvinylamine
polymer. In another embodiment, a polymer used in the methods according to
the claimed invention is a polyallylamine polymer. In yet another
embodiment, a polymer used in the methods according to the claimed
invention is a poivallylamine polymer modified with a hydrophobic group,
e.g.", as described in U.S. Patent Application No. 131108576, filed on May
16, 2011, the entire content of which is incorporated by reference herein
in its entirety,    100901In some methods of detecting residual polymer
described herein,. an oligonucieotide molecule may he employed. A library
of potential oliaonueleotide molecule sequences 40 nucleotides in length,,
having a nearly equal nucleotide base distribution (i.e.1:1.:.1.:1) and
devoid of 4 or more contiguous C or 0 bases may be generated in sthco,
e.g.., using: a software proaram Once a potential oligonucleotide
sequelICr.is identified, it. is desirable that the sequence does not appear
in the biological material containing, stream"kccordingly, the presence or
the absence of the sequence can be verified using computational (e.r.. by
running BLAST  searches against the genornic sequence of host cell DNA)
and/or experimental by hybridization against the biological material
containing stream) techniques, y.Ajefh145._ASaggjag, a polymer with an
oligonucleotide moiccule 



[009 I]Oligonueleotides may be synthesized with internal or terminal
reactive groups such as halogen, epoxy, hydroxyl, amino, carbox:* acid or
sulfhydryl, which are subsequently attached to a polymer. Further.
oliv,onucleotides with internal or terminal reactive groups may be further
activated with various coupling chemistries such as, e"g,, cyanogon
bromide, N-hydroxy Succinimide esters, I 1 '-earbonyi diimidazoie,
earbodiimide EDC., glycidyl, organic sulfonyi chlorides, aziactones,
cyanurie chloride, and maleimide, in order to facilitate attachment to a
polymer. See, e,g,, immobilized affinity ligand techniques. Hermanson,
Mallia and Smith 1992., 1:00921 ". In some embodiments, for
oligonucleotides containing a. $'-tenninal  ammo group, iodoacetamide
activated with 1,1%earbonyldiimidazole may he used to attach a terminal
iodine group that subsequently reacts with pyridine in nolyvinylpyridine
resulting in covalent attachment of the oligonucleotide to the polymer.
Epichlorohydrin may also he used to attach a. terminal glycidyl group to
oligenucleotides.containing a ,l-termin.al amino group that subsequently
reacts with pyridine in polyvinylpyridine resulting in covalent attachment
of the oligonucleolide to the polymer. The specific embodiments described
herein are not meant to be limiting in. any way. VI, Mtho4s of ta in  a
olvrner with a no olo.nthotkfr mokeuJ 0091]in Some embodiments, polymers
are tagged with a non-     a..haptC11 MOICCUle, 1,11. Klme embodiments, the
molecules have a terminal or illtelai. reactive groups that can react
.directly with the polymer resulting in covalent conjugation, In one
embodiment, the terminal or internal group of the Inoleculo maybe activated
by known protein chemistry methods, e.g". fonnation. of N.-
hydroxysuccinimidyl ester (NIIS-ester), acid .fluoride, tetrafluorophenyl
ester (TITe8ie), or STP-ester, such that it reacts with the amino or
pyridine function of the polymer with the formation of an acid amide (see,.
e.g., immobilized affinity ligand techniques,. Hermanson; Mafia and Smith
1992..) The coupling, reaction may he performed in organic solutions such
as methanol, dimothyl formamide (I:IMF) or (timothy' sulibxide (DM50) or
a(picous solutions at pH between pH 5 and pH 12. In one embodiment, the
coupling reaction may he performed at. room temperature (about 20T to about
60 [0.0941Examples of fluorescent .molecules which may be used as tags in
the methods described herein include, but are not limited to,
4-acetamido-4'- isothiocyanatostflbene-2"2.Thsulfonie acid; acridine and
derivatives: acridine, acridine isothiocyanate;
5-.(2'amlnoethyl)riminonaphthalene-l-.sulfonic acid (EDANS.); 41-
amino-N-l3-vinyisulfonyl)pbenyilnuphthalimide-3,5 disulfbnate;
N44-aollino71- naphthyl)maleimide; anthranilamide; B01)-1:1?)T; alexa;
fluoresci ; conugate.d muiti dyes., Brilliant Yellow; eoumarin and
derivatives; conmarin, ":7-amino-4- methyleournarin (AMC, Coumarin 120),
7-amino-44rifluoromethylcouluarin (Cournaran 151); cyanine dyes; cyanosine;
46-diaminidino-2-phenylindole (DAPI);
5'5"-dibrom.o1yroua11ol-sulfonaphthalein (Bromopyrogallol. Red);
7-dietitylamino-3- (4V-isothioeyanatophenyI).-4.-methylcoum.arin;
diethylenetriamine pontaacetate; 4,4'-
diisothioryanatodihvdro-stilbene-2X-disulf.onic acid;
4,,V-diisothiocyan.atostilbene2.,2'-disulfonie acidhri,th c Ian mufr l hJ
mlchloride (DNS,  



dansylcbloride); 4-dimethylaminophenytazonlienyl-4-isothiocyanate
(D.ABITC); ulsin and .derivatives; eosin, eosin isothiocyanate,
.er.,,throsin and derivatives; erythrosin .B, erytbrosin, isothioeyanate;
ethidinin; fluorescein and derivatives; 5- carbovyfluorescein (F,A,INI), 5
(4,6-dichlorotriazin.-.2-yl)aminofluorescein (DTAR,
2`,7"-dimethoxy-4'5'-dichloro-6-earboxyfluorescein, fluorescein, Ilumescein
is.othiocyanate" QFTI C. (XRITC); -fluorescamine; IR144; IR1446; Malachite
Green isothi.oeyanat e; 4-methyl umbelliferoneortho cresolphthalein;
nitrotyrosine; pararosariiline; Phenol Red; Blibyeocrythrin;
o-phthaldiaidehyde; pyrene and derivatives: .mene, pyrene butyrate,
suceinimidyl .1-pyrene; butyrate quantum dots; Reactive Red 4 (Cibacrotrm
Brilliant Red M.-A) rbodamine and derivatives: 6-- carboxy-X-rhodamine
(ROX), 6catboxhodamine (R.6(3), lissai.nine rhodaminc B sulfonyi chloride
rhodamine (Rbod), rhodamine B. rho& Mine 123, rhodamine X isothiocyanate,
sullbrbodamine B, sulforbodamine 101, .S11 fOn yl choride derivative of
sulforhodamine .101 (Texas Red); N,N,NN'terraineth.y1-6-carboxythodamine
(JAN/R.A); tetramethyl rhodamine; tetramethyl .rhodamine isothioeyanate
(TRIIC:).; riboflavin; rosolic acid; terbium chelate derivatives; Aflo
dyes, Cy3: C:y5; Cy5.5,; Cy7;. RD 700; IRD SOO; La Julia Bine; phdialo
cyanine; and naphtbalo eyanine. Additionally, opkatly-detectable moieties
may also be used. as tags in the methods of the invention, [00951Examples
of radioactive molecules that may be used as tags are isotope containing
molecules:, including but are not limited to, Ca, NCr, and S. [0096Examples
of hapteh molecules that may be used as tags include DNP- X, SE,
6-(2,4-dinitrophenyl)aminohexanoic acid, suoeinimidyl ester (INVITR.OGEN),
DSB-X.rm biotin Csa-iodoacetamidc (destinobiotin-X C2-iodoacetatdide)
(INVITROGEN), and 5(6)-fluorescein isothiocyanate mixed isomer (THERMO
SCIENTIFIC), hods of riovin ut ass 'dated tz [0097]Following the tagging of
a polymer with a tag, it is desirable to .remove any unassociated tag frOM.
the :sample, For example, the DNA tagged PVP solution. can be purified for
removal of un-conjugati-A DNA tags by filtration throtgh an anion eXChallae
membrane.Chromasorbt (MILLIPORE, :Billerica, Mass,), following
pre-equilibration with a solution of DMF and water (5050 .volume ratio),
[00981Removal of .un-coniugated tags (oligointeleonde or non- 



obRonuclootide) from a solution can be achieved via precipitation. For
example, a solvent is mixed with the tagged polymer containing solution at
a specific ratio so as to retain the U.I1CODi ugated.tag in the supernatant
while the tagged polymer precipitates"Alternatively, suitable conditions
can be .selected Which facilitate. retention of the tagged polymer While
precipitating the uncenjugated tag. The Skilled artisan will be able to
readily identify suitable conditions for precipitation based on knowledge
in the ail coupled with routine experimentation.
.0099]Ultrafiltrationfdiafiltration .membranes may be selected based on
nominal molecular weight cut-off ("NMWOD") so as to retain the product of
interest in the retentate, while allowing low molecular weight materials
such as lin-associated tags to pass into the filtrate. One skilled in the
art will be able to select such membranes based on the size and nature of
the product of interest, coupled with routine experimentation. In a
particular embodiment, where the tag is an oligomicleotide 10-60 bases in
size, and the polymer is poly(41-vinyl pyridine) 200,000 Da in .size,
ultratiltrationrdiafiltration eau.he pa.forined using a Millipore
Centricon Pins-70t unit having a NMWCO of 30, Gel -filtration
chromatography columns can be selected based on the exclusion molecular
weight .so as loge molecular weight materials such as, thr example
polymers, spend less time in the pore structure of the stationary phase and
are eluted .faster than the smaller molecular weight materials, such as,
for example, un-associated oligonneleotides, which spend more time in the
pore structure and elute at a later time. One skirled in the art will be.
able to .readily select such columns based OR the size and nature of the
material of interest, coupled with no more than routine experimentation.,
[00100)In a particular embodiment, where the tag is an oligonucteotide
10-60 'bases in size, and the polymer is pevinyl pyridine) 200,000 kria
in...size, gel permeation chromatography can be performed using a SHOWA DEN
KU KK GPC KF-804L, column having an exclusion molecular weight of 400,000
Da,    [00101.1Following the attachment of an oligonueleotide molecule onto
a. polymer and the subsequent removal of any unassociated molecule,, as
described herein, the associated molecule can he detected Using an
amplification reaction or a .non-amplification reaction. In ease of an
amplification reaction, primers are selected which hybridize to the 5' and
3' portions of the molecule. For example, primets may be selected that
allow the molecule sequence, in five or polymer-conjugated form, to be
amplified and detected using, an amplification reaction,chain 



reaction (PCR). In some embodiments, amplification products may be
visualized by direct measurement of fluorescence based on the molecule to
obtain a crossing threshold value .(0), The measured Ct value may be used
to determine the  concentration of moierule present in sample using a
calibration cluve created from known concentrations of molecule. [00102]In
case of a. noreaction, a labeled probe may be used for the detection of the
ol.igonucleotide molecule, Alternatively, the. dligonucleolido molecule may
itself he labeled with a detectable moiety such as, "for example, a hapten
tag, a fluorescent tag or a radioactive tag. In some embodiments, a probe
which hybridizes with the oligonucleotide molecule is labeled with a
detectable moiety. VIII. Methods of detec.0liooltucle 'd .nuileck ass(
dated wit polymer, [00103]Following the attachment of a non-olipmelentide
molecule onto a polymer such as, for example, a -fluorescent tag, a
radioactive tag or a hapten tag, and the sabsecnient removal of any
unassociated molecule, the associated molecule can be detected by using any
of a variety of techniques depending upon the molecule .which is used as
a-tag. Exemplary detection methods include radioactive detection, optical
"absorbance detection, e, g,, UV -visible absorbance detection, optical
emission detection, e.g., fluorescence or chendiaminescenee,.
immunoassay.,EIASA, and avidinfstreptavidin detection methods. Devices
capable of sensing fluorescence from a single molecule include scanning
tunneling microscope (siM) and the atomic force microscope (AFM). For
radioactive signals, a. phosphorimager device can be used. Other commercial
suppliers of imaging instruments include General Scanning Inc. (Watertown,
Mass), Senix Technolo.O.es" ('Waterloo, Ontario, Canada) and Applied
Precision Inc.. [001041This 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. PIPA Example I etIon
-oionueflith sequence for e igatkii topoIyrnei  [00105A library of 50 or
more potential oligonuelcotide tag sequences of 40 bases in length, with
nearly equal nucleotide base distribution (A'',T;GI 1 I :1 :1 ) and devoid
of 4 or more contiguous C or bases were .generated in silich" e,g,, using
software, 001061Members of the oligonucleotide tag library were screened
for secondary structure using the program M-tbid (Zuker M. 2003... Mfeld
web server for nucleic acid folding and hybridization prediction5 Nucleic-
Acids Res, 31.', 3400 choosing prod lion for linear DNA at 37 'C 1 n.M.
MgC12, and 50 .mM Nucl and prioritized by the melting point of predicted
structures, lower being better, as shown in Table I below, (001.071Selected
.oligonticleotide tag sequences are subsequently chemically synthesized
with a variety of internal OT terminal reactive groups for conjugation to
po nen Table I 33    



04 C  xn^2.en +  50 .78, 9 ""C  :-A.8,7;
;4Tc..11sACCAT11'CO.C7."1S1TC..c2g3. , CCP: TTCTACACTTAACTCACTACCCAT   73.
70,9"C  49 , 



48 9* C  35  01.0  -" T AACCrreCAAGG..."A'T.IACTTATATCT:GCATCATAC  32  71
7C     512* C 



'C.CTTCGA:kCTAAGACTC(IGTGA(3TATACTTTAGCA .45 70. 9C  61.C 44
GeeTCCGTCGCA,CAT;.8AGACTCGCTOACATTACSATACCT   61'"'C 53.1>C
TTAGA8ACCGAACGCTCCACCACTTTTGGCACCTTTTACC -- " 47 77,8*C 3.
AACITC.C.:kACTCTCGIAGTTATi2.14.ACACTAls,C.CTTC  



72.8('C 54.7 uCcTACTTCCTTACT7ATcT0'  7.5.ac
Cn:TTAC::(2,4S1TAGTACT8C4(.3TCCTGTeraNC.17.MAC3TCC.ke.  4755.5*C
CTGGAGTGAACTCAACGTCACT43ACTCCCCTIGTTCG   70. 9C55 . 8 C
CIATTC,TATCCGAG7C3TAGCGATCONW7'80,503CC1-.'AAGT
GCCTTGCCGCGT,ACTAACCGCTAAGCCTCMGCGAAGGTG66  06. 1 c. C56. 3 " C 



AA.ACTTG.332/74sAA,CP3CTACTACBTA3233:3.ACGAGAGTCTAP.,  15.9"C ,
AACGTATCOCCTTTCCCeCATAWa4CCACAWCAGe.WO52  5
ACATCTTCACA.AaACCGGACTTGTAGTGT', TeTTTGO   00. 1.0
GAACA.MIC:P,,CATCTT8::TCAACACAGGTCTGOTACTGTCAG  77.8*C 60,8*C
COAAGGIGTGTCTCGCTCTGTTTACGTTACCTT:-.3GA.AAGe 78,9GC 



80,6*C  7SC.GAGCGTT(IAGCATG`is,Te.:17-aaTC4CTMTC?CrCATTOnn ;;44e, 12
TCA.A.ACI:-LC-4'..1AACAACCAATTCGTeTCTACTCGTC-I:` 4-6 49
ACTGTCAGTCYTATCGGGGACCTAAGGCCTCATCGTf.=T 8, 64 C 27
COCCTGC-GTTCGACACC'MkCCeACGACCATTTTACC898 c C64 , C    1001081Table depicts
random 40-niers .with. combined -percent fraction of 0 and C nudcotide
C.,,a-,;(:), predicted duplex melting temperature under PCR conditions
(hybrid I'm), and predicted hairpin melting temperature (hairpin lirn),
Sequences with lowest hairpin Melting temperatures (hiplighted) are
:selected for primer design. [001091Matching, primers for PCR amplification
(Tra 55 C) are designed and potential tag oligonucleotide .amplicons are
ranked using the cycle crossing (Ct) 34 



difference between reaction containing and. not. containing the tag target
Oligonueleotide tags producing the greatest difference between reaction s
with and without target are selected fOr conjugation onto polymer.
[00110]Selected oligonucleotide tag sequence are synthesized by Integrated
DNA Technologies (IDT) at 1 lim.oie or higher scale with a 3' amino
modifier attached as a selective reactive group for conjugation tO polyunor
[00111]in a representative experiment, residual 4-vinyl pyridine monomer
was removed from ..,",:y(4-vinylpyridine) prior to USQ in the methods
described herein. Linear pply(4-vinylpyridine) (PV-P.) having molecular
weight 200,000, obtained form SCIENTIFIC POLYMER PRODUCTS, INC., was spread
evenly on a glass dish and placed in a vacuum 'oven, The atmosphere inside
the oven was 'purged with argon several times for 5 minutes, in order to
remove any oxygen. The pressure in the oven was reduced to 0,1 in mercury
using a mechanical vacuum pump and subsequently the temperature was raised
to about 120V. The .polymer was subjected to these conditions fOr a total
of 2.4 hours.. During this time, the atmosphere inside the oven , was
purged with argon several times for 5 minutes-Ai the end of the heating
perm, the oven temperature was lowered to room temperature and the oven was
purged with argon several times before opening the door. The resulting poi
prier did not have a noticeable odor, whereas the untreated polymer has a
distinct odor of 4-vinyl midine monomer. The amount of residual 4-vinyl
pyridine monomer present in the treated polymer was not detectable by gel
permeation chromatography whereas the untreated polymer had about 0.05%
(wfw) residual 4-vinyl pyridine monomer.  Example 3: N odifiration of
&V4vhIYWiner Wh DNAsi 



odoncetamide chemistry [001E21:Following the removal of the residual
monomer from poly(4- vinylpyridine), the polymer was tagged -with a DNA
tag. In a representative experiment, a DNA tag comprising 40 nucleotides,
was used, having following .sequenee: 5'- OTT ATC GGA.TIC TTA ATA .GGA ACA
CAC ICT ATC TVA CCC (113.AinM1(SEQ H) NO:1.), also shown as ID 36 in Table
I. and modified with a primary amine group. [001131Iodoacetamide
.(Ultragrade), 1,1 '-carbony.ldinnidvole (-1)7%..."
dimethyllormamidem (DNIF), and .dimethyl .sulfOxide (DMSO, .anhydrous,)
were obtained from. SIGMA. About 5.56 mg of iodoacetamide was activated
With 4,48 mg 01'1,1 '-carbonyldi imidazole dissolved in 0.5 ml of anhydrous
DMSO" The reaction was .carried out at room temperature fOr about an hour,
protected from light. About 3.71 mg of the DNA tag described above., was
dissolved        in 100 )11 deionized (DI) water, followed by the drop wise
addition of 0.4 ml DMSO. About 0.5 ml of the DNA. tag solution was mixed
with 0.5 ml of activated iotloseetamide solution and reacted at room
-temperature for 24 hours, The .product, iodine terminated DNA tag, was
precipitated using 0,5 ml acetonitrile, and collected as a pellet by
centrifugation at 2500 rpm Ibr 2 minutes, Excess, an-reacted iodoacetamide
remained in the supernatant and the solution was discarded. The pellet was
washed with I nil acetornirile, and re-dissolved in 1,0 ml of DI water, The
latter was added .drop-wise to a solution of 50 mg. PVP from Example 2,
dissolved in 2 nit DMF. The mixture was reacted at a temperature of about
60T for 24 hours.  WO 2011/156467PCT/US2011/039595 [00114]Following the
removal of the residual monomer from noly(4- vinylpyridine), the polymer
was tagged with an digonueleolide DNA tag in a representative experiment, a
DNA tag comprising 40 nucleotides was used, having the thilowing sequence
5% cal' ATc. GClArfe HA ATA GGA ACA CAC Tcr ATC TC,A CCC Cii3AmMi -3' (SEQ.
1..D NO 0 and modified with a primary amine group. [00115]Fpiehlorohydrin
(99%), diethyl ether, dimethyl formamidem ethylacetate (ACS reagent grade),
Methanol (ACS reagent grade), sodium tetraborate (99%) and Sodium Hydroxide
(0 IN) were obtained from SIGMA, About 2.97 mg of the DNA tru2 described
above was dissolved in I ml sodium tetraborate solution (nnIVI, pH 9.2),
followed by the addition of 0.2ml.DMF containing 3 IA of Epiehlorohydrin.
The reaction was carried out at room temperature for about an hour. The
solution was then .extracted with 3 portions of 2 ml diethyl ether to
remove excess un-reacted Epichlorohydrin" The purified solution was added
drop-wise to a solution of 30 oil DMIF containing 3 g of PVP from Example
2. The mixture was reacted at a temperature of about 50'C for 24 hours,
Example 5: RellION al of exces-s, DNA t frotlooe olv '4-viri V 



vridine-tier [00116]DNA tagged PVI? from Example 4 was precipitated using
equal volume of ethylacetate solution, redissolved in equal volume of
methanol and finally precipitated using equal volume of 0, MI NaOHto remove
unconjugated DNA tag. The precipitate was then dissolved in a mixture of
DMF and water (50:50 volume ratio) to a final concentration of 6 wt.%.  WO
2011/156467PCT/US2011/039595 [001171Following the removal of excess DN.A
tag, the amount of tag conjugated to the PVP was quantitated. Serial
dilution standards of the unconjugated DNA tag were amplified using 12,5 pi
Fast SYBR Green Master Mix (APPLIED BIOS); STEM S), 0.9 AN1 of each primer
with 2 ni of sample in a final volume of 25 pl using the amplification
conditions of: one denaturation cycle of 95 "C for 60 seconds 50 eyeles of
95 'C for 2 seconds; and 50 'C for $0 seconds, fial lowed by a final
extension at 50 "C for 30 seconds. The amplification products were
visualized by direct measurement of fluorescence to obtain a crossing
threshold value (CO, [001181A known volume of a known polymer concentration
was amplified after 1:100 or more dilution and the Ct obtained was compared
with that from the standard curve generated using unconiugated polymer to
obtain the number of copies in the sample of conjugated polymer. This
allowed a calculation of the number of DNA tag copies per molecule of
poly(4-virtyl pyridine) polymer. For pilot batches. the conjugation ratio
was determined to be roughly I DNA tag per 200 polymer molQOules, E.xamik
7:Ad 'us  etttu :00119]Cells derived from, a non-expressing Chinese
Hampster Ovary tCHQ) cell fine were grown in a .bioreactor (NEW BRUNSWICK
SCIENTIFIC) to a density. of I Oxl 0" eclisind in 10 I, of culture medium
and harvested at 64% viability, IuG was spiked to a concentration of 1.0
g/I.. and the concentration of host cell proteins (HCP) was determined to
be 385669 'lig:1ml_ The pH of the fluid was 7,2, The pH of the
ht./clarified ccli culture fluid was adjusted to 4,5 using 0,17 ml of 3,0M
'acetic acid, prior to the start of the purification process. 



WO 2011/156467PCT/US2011/039595 Example 8: Pmparatio  ok urifhdDNA 6'IP So:
tition in acetic acid 1'001201The solution from. Example 5 was dried, in a
vacuum oven operatedat a temperature of 6CfC tOr 24 hr, The remaining solid
was :reconstituted in 3M acetic acid, with continuous agitation for I 'hour
at room temperature, to a final concentration of .15wt%., Example 9:tjsc of
olioonneleotid too- ou  o, ter for downstream process  monitoring
f0012.1]0"5 ml of PVP solution from :Example 8 and 0.56 g ammonium sulfate
were added to 10 ml of un-clarifted cell culture fluid from .Example 7 and
mixed at mom temperature for 5 minutes in order to allow for binding of
insoluble. impurities, such as cells and ccli debris as well as soluble
impurities, such as host cell proteins, nucleic acids, etc. The
polymer-impurities complex, was then precipitated by adjusting the pH of
the mixture to 8"5 using 1,45m1 of 2.M Tris containing 0.,08g ammonium
sulfate, this allows the desired product (IgG) to bind to the complex. The
precipitate, in the fOr-rn of a dispersed solid suspension, was mixed
continuously in the fluid for 10 min, The precipitate containing the IgG
complex was subsequently collected by t.'..entriftigation (4000 rpm fhri
min) and washed with IM ammonium sulfate (10 mM Tris"8.5) to remove
loosely-hound impurities. While cells, ceit debris and other soluble
impurities, remained 'hound to the precipitate. IgG was selectively &fitted
from the precipitate at pH 5.3 (100 inM. sodium acetate), while. mixing for
20 mitts, followed by filtration through 0,2 um Duraporel?) filters. Under
these condition&, .93% of the lig6 present in the original sample was hound
to the polymer and the percentage Of IgG recovered after elution was 80 wt
%, ..F001.-y"Residual PVP in the different steps of the purification
process was  the purification process, the curves begin to flatten out with
a crossing threshold (CO of around 48 .for all dilutions, similar to the no
tag control, Example ): Pre aratwi of oieiarfld on-emmsing, Cell Cul re
Fluid  ISSE) 



:00123]In a representative experiment, cells derived from a ChineSe Hamster
Ovary (CHO) cell line expressing a monoclonal IgG; Were grown in a In
bioreactor (NEW BRUNSWICK SCIENTIFIC) to a density of 13x 10' cellsimL and
harvested at <50% viability. The antibody titer was determined to be 0.7
mJmL vin protein A HPLC. The level of host cell proteins (HCP) was found to
be 141800using an ELBA (VYGNI.IS # F550) and the DNA concentration was
determined to be ILO tighnt by PicoGreen assay. The pH of the -unclarified
cell culture was pH 7.2. Example 11: Pre ar f a hvdro bobleal v modilied
Vaihiami e based      



stimuli res itimsh. e 1001241In a representative experiment described
herein, it was demonstrated that the polymers described herein could be
readily manufactured on a large scale. [00125]Using a solution of
polyallylamine (PAA, NITT080, 150 k:D; 40% wt,iwt,), a hydrophobic:ally
modified stimulus responsive polymer was produced as follows. [00126]500 g
of Polyanylarn Me (PAA, NITT0130, 150 ka, 40% (abomimmely 200 g of
polyallylamine) was added to a 4 liter glass jar. Next, 80 g of NaOH
pellets and 1000 mi.: of deionized water were dissolved and added to the
jar. This was tbIlowed by the addition of 1000 naL I,2-dimothoxyothane
(SIGMA) as a co-solvent and the solution was stirred vigorously until it
was homogenous. Next, 114 g of benzyl chloride (ACROS ORGANICS, 99%) was
added to the reaction jar.  The solution was heated at 60'C :for 16 hours
with magnetic stirrimt. The solution was allowed to cool to room
temperature and transferred to a 1.0 liter beaker.. [001271'Next, 1000 niL
of deionized water was added with stirring and a sticky solid mass
precipitated out of solution. The product was further precipitated with
slow addition of 200 nti: of 2 NI sodium phosphate and the solid was
collected. and washed with deionized water.. The polymer was :further
purified by the following Method.. [0012]The solid was dissolved in 3
titers of 1 M acetic acid with stirring. 



The total volume. was brought to 10 liters with deionized water and the pH
was adjusted to 7 with drop wise addition of 50% NaOH. The product was
precipitated with the addition of 800 g of 2 M sodium phosphate and the
solids was collected and washed with &ionized water, The polymer was even
further purified by the following method. The solid was dissolved in 3
liters of I M acetic acid with stirring. The total. volume was brought to
10 liters with deionized water and the pH was adjusted to 7,0 with drop
wise addition of 50% Na0H. The product. was precipitated with addition SOO
g of 2 M sodium phosphate and the solids was collected and washed with
deionized water.. [001291The resulting solid mass was dried in a vacuum
oven at 65 T for 3 days. The dried polymer was frozen with liquid nitrogen
and ground to a. fine powder. and further dried for 1 day, The resulting
mass of the dry powder was .250 g. A small sample was dissolved in 1 M
(7.13;S:..".0001 D20 acid and FINMR spectra was obtained. The 'H-NMR peaks
were integn.te.d and the amount of benzyl Modification was determined to be
$3 %. [001301The resulting powder was dissolved to make a 10% WfW solution
in I M acetic acid. The :resulting solution was tested for sensitivity to
a. multivalent ion  stimulus by drop wise addition of 2 M Sodium phosphate
or 0.2 .M sodium citrate t-fi 5m1". samples ofpolymer solutions. Upon
addition of the Phosphate or citrate ions, a white precipitate is observed,
thereby indicating that the polymer was msponsive -to a multivalent anion
.stirmilus,    res usive )1vmer wfth a omscence ta(> [001311The resulting
polymer from Example ii was labeled with a fluorescent tag by the lb/lowing
method. :2g of the solid polymer was added to 10 inl". 



of 1 M acetic acid and stirred :and the solid is dissolved. The resulting
solution volume was increased to 100 mL by addition of deionized. water.
The pH of the solution was adjusted to 8,5 with addition of 4 M. Na0E1"k
reactive dye solution is prepared by adding 1.2.mg of
N-(4,4-difiuoro-1,3,5,7-tetramethyt-4-1-.3ora-3a,4a-diazas-indacene--2-yl)i
odoa.cetamide .(BODIPY0 5071545 IA) (INVITROCiEN) to 6mL D.MF, immediately
after preparation, the reactive dye solution was added to the polymer
solution with vigorous stirring. The reaction solution was rotated at 50')C
for 1 hour. Next, the solution was centrifuged and the supernatant was
decanted and discarded. The red colored pellet was resuspended in 50m.M
potassium phosphate pH 7 and agitated. The .solution was subsequently
centritliged and the supernatant was decanted and discarded. 00132jThe red
colored solid polymer was further purified by dissolving in 10 int of I M
acetic acid. The resulting orange/red solution volume was increased. to 500
.m1, by addition of &ionized water, The pH was adjusted to .7 and the
sonnion was brought to a concentration of .50mM potassium phosphate by drop
wise addition of 2 M potassium phosphate and a red precipitate was
observed. The purification was repeated one .more time and a linglut red
solid polymer was recovered and washed with deionized water. The red solid
was dried under vacuum at SOT for 2 dwis,               g of dried red
polymer was ground to a fine powder and dissolved in M acetic acid to make
a 5% wfw soh tion. Exatitp3:I sive 61.k: ter with uoscenee [00133.]Using a
5 % solution of.' DDIPY 507/545 tagged. tydrophobic .ly modified
polyallylamine from Example 1_, standard solution concentrations of 1000,
100, 10, 1, and 0,1 ppm solids were prepared in delonized water. A.
fluorescence spectrophmometer was -et at excitation of 507 tun and emission
of 54,5 tun, The intensity at 545 om was recorded for each sample and a
standard curve was plotted, as depicted in Figure 7" [001341in order to
determine the .efficiency of polymer precipitation using a multivalent
anion cin Ails as well as the concentration of residual polymer, the
lb/lowing experiment was performed,. [00135In 5 mI,, &ionized water, 4000
ppm of the tagged polymer was spke. The pH was adjusted to 7 and the
concentration of potassium phosphate was brought to SO niM.. At this time,
a red .pecipitate separatesvial was 



centrifuged at 3000 rpm foninutes, The turbidity of the resulting
Alpe:natant was determined to be 46 NTIJ and the residual polymer in the
supernatant was determined to be 44 ppm by fluorescence spectroscopy. The
supernatant was filtered through a 0,22 micron Durapore Millex (MILLIPORE,
33 min) and the residual polymer in the   rate was determined to be 30 ppm
by fluorescence spectroscopy. Notably, this experiment resulted in 99,25 %
removal of highs of residual polymer in water with simple addition of a
stimulus, centrifugation, and filtration, [001361These results demonstrate
that a stimulus responsive polymer cowl stng of fluorescence -tag can be
added -to water, rendered insoluble by  addition of a stirmilus, the solids
can be separated and the residual polymer can be  detected by fluorescence
spectroscopy, Example 14: Determination of tduil amount of stimulus re s
onsive with a nor seence MIA allpeculated CHO cell culturf:  [001371Using
.a 5 % solution of WIMPY 507/545 tagged, hydnphobically modified
polyallylamine from 'Exampie 12, standard solution concentrations of 1000,.
100, 10, 1, and 0,1 ppm solids were prepared in deionized water. A
fluorescence Spectrophotometer was set with excitation at 507 ani and
emission at 545 mu, The intensity at 545 mu was recorded for each Sample
and a standard curve was plotted according to Example 13., 



[001381('HO cell culture was prepared using, a method. similar to Example
10, Residual polymer from flocculation and precipitation of the cell
culture using a catonic smart polymer subjected to a. stimulus was compared
to a using a catonic smart polymer With no stimulus. Dose of 0,1, OA or 0.6
wly of tagged polymer was added to 5 mil, of unclarffied CHO cell culture
in duplicates in 15 MI, conical tubes. [00139]One of the series of the
three polymer concentrations was adjusted to pn 72 with M tris base, the
potassium phosphate concentration was increased to 50 MM by drop wise
addition of 21\4 potassium phosphate and the solution :was stirred.. The
sodium phosphate and pin adjustment was performed in order to precipitate
the stimulus responsive polymer along with a complex of cells, cell debris,
impurities, residual polymer as well as to flocculate the solids and
increase :particle size, The second series of three polymer concentration
are simply stirred and no stimulus was applied. The vial was centrifuged at
3000 rpm for 2 minutes. The turbidity of the resulting supernatant was
recorded and the supernatants were filtered dirough.a. 0:22 micron
Du-rano:re Mdcx (MILLIPORE" 33 -mm), The residual polymer in the filtrate
WO 2011/156467PCT/US2011/039595 was deermined by fluorescence spectroscopy,
A CHO cell culture was used as control and. is subtracted as a. blank. The
results are tabuated in Table and depicted in Figure 8., [001401As shown in
Table II and in Figure 8, these results demonstrate that a stinwlus
responsive polymer comprising of a fluorescence tag can he added to water,
rendered. insoluble by addition of a stimulus, the solids can be separated
and the residual polymer can be detected by fluorescence spectroscopy. The
.resnits also demonstrate the advantage (if control over residotil.
pol),mer by applyMg a stimulus to S stimulus responsive flocculent or
precpnant ni ccil culture, Table II Intial polymer spike (A)  h1 ial
(P.P111 turbidly of  eentrate (NEU)  stimuli applied (yes / no)  



residual polymer filtrate tppril 0  0 ?3 no 0,0 (L I 1000 11  es  9.8
4000  



67 yes *1 1, 4 1.  6'00054 yes ?7.1   1 000  no  11: 0,4   >1000  



rtO 283.7 0.6 >1.000 no  87b,  Example 15: Det.edion fluorescence isive
oKmer taQed with       



[001411'Ll'sing a 5 solunon of BODIPY 507/545 tagged. hydrophobically
nodified polyallylamine from Example .12, standard solution concentrations
ons of 1000, .100, 10. 1. and 0,1 porn solids is prepared in deionized
water. A .fluorescence spectrophotometer .was set with excitation of 507
and emission of 545, The intensify  at 545 nm is recorded for each sample
and a standard curve Was plotted according to Example 13, [00142)(.HO cell
culture was prepared using a method similar to Example. 10, The cell
culture was .clarified by flocculation using a dose of 0.4% wiw BODIPY
507/545 tagged, hydro/ hobically modified polyallylamine from Example .12.
The pH of the cell culture was adjusted to 7,0 by drop wise addition of 2 M
iris base. 'Next, 2 M potassium phosphate was added so that the final
potassium phosphate. concentration was 50mM. At this point there was an
aggregation of solids in the solution. The solution was centrifuged and the
pellet was discarded. The supernatant was filtered through a 0,22 micron
Durapore filter (MILLIPORE) and the filtrate was collected and .pooled.
[0014311 mt of Protein A affinity chromatography resin (ProSep Ultra Tina)
was packed in a Omni:fit chromatography column with a 0,6(i cm internal
diameter (DIBA INDUSTRIES) to a final bed height 01'2,9 cm. The protein A
column was loaded to a density 01735IgG at 3 minute residence time and the
flow through was collected. The column was subsequently washed with .50mM
iris pH 7.2 and the wash pool was collected. Next, the IfaG was elated with
5 column volumes with 50 .mM acetic acid and the elation pool was
collected. Absorbane(-7. at .280 urn was recorded fOr the elution pool and
from this absorbance, the yield was determined to be 97 percent via mass
balance, Finally; the column was regenerated. with 0.15 M Phosphoric acid.
and the pool was collected. The samples were neutralized to pH. 7.0 with 2.
M iris base. [001441A fluorescence spectrophotometer was set with
excitation at 507 urn and emission at 545 um. The intensity at 545 urn is
recorded for each sample. The residual polymer was quantified. tbr the cell
culture supernatant as well as for each  



pool collected -from the Protein A chromatography .c.otorno, as shown. in
Table 111. The limit of quantification for the assay was determined to he I
0 .ppm. 1001451The results demonstrate that a .finoreseamly tagged smart
polymer ean be detected in a cell culture .snperriatant a Id the residual
polymer removal can be (,.%;x1 during downstream paanon of the target it
dee.o.le, able III Example 16: p1qtitiv1a1i2n of a still) lus responsive
poivme  [00141rosponsive polymer based on a hydrophobieall?,, modified
polyallylamine was synthesized Similar to Example 11, The resulting polymer
was labeled with a biotin tag using the following method, 100147120 g of a
5 % wfw sot lion. of a 33 % .benZYlatOd :polyallyiamine with a molecular
weight of 150,000 1:.)a was added to a 1000 mi" glass beaker quipped with a
magnetic stn.The v :? e was increased to 200 mi, by the addition of
deionized water and the pH was adjusted to 9,5 bydrop wise addition of 4 M
NaOH. [001451A reactive biotin solution was prepared by dissolving 15 mg of
DSB- 



XT" biotin Criodoacetamid.e (desthiobiotin-X C- iodoacetamide) (INVf
fROGEN.) in 6 inL of Dimethylli..rmainide (DMF). The reactive hiotin
solution was immcdiatelv added to the glass beaker containing the pH
adjusted 33 benzvlated polyallylamine solution, Tberesulting .mixture was
stirred vigorously, heated to 70"C.: atid maintained  at these conditions
frn'l hour. Next, the mixture was allowed to cool to room temperature and
was diluted to " 000 ml," with &ionized water, The b.kninylated polymer was
isolated via precipitation with a drop wise addition of 2 M sodium
phosphate until no further precipitate was Observed. The .solution was
vacuum filter through a nonwoven filter material and the solid was
collected while the filtrate was discarded. The solid polymer product was
washed 100 ml", of deionized water, [001491The biottnqated .product was
further purified by .dissolving the solid mass in 50 ml of M acetic acid
over night The solution was brought to 4 volume 2 liters and the pH was
adjusted to 7,0 by a drop wise addition of M MOH, The biotinylated product
was isolated via precipitation with a drop wise addition of 2 M sodium
phosphate until no further precipitate was Observed, The solution was
vacuum filter through a nonwoven ITV-, material and the solid was collected
while the filtra e was discarded. The solid was washed 100 Mt of deionized
water and placed vacuum oven at 60 C overnight, [00150]The resulting dried
biotinylated product was around to a powder ar dissolved in I M acetic acid
and 0.05 molar HO to a final concentration 5 wiw, [00151]nderstood that the
resulting biotinylated smart polymer edtdd be used to flocculate or purify
a target molecule from a cell culture or protein containing feed. Once the
polymer is added to the cell culture or protein containing feed and a.
stimulus is app lied, the solid mass could be separated from the
supernatant by cenhitugat on, filtration, settling, any other method of
solid liquid separation, or any combination of .these methods, Furthermore,
the clarified fluid could be passed through a filter specifically designed
for removal of residual polymer befOre or after quantification,  Finally,
any residual biotinylated smart polymer could be detected and quarthried
via existing methods for detecting and quantifyin.g bionnylated mohmtles.
The detection and quantification methods may include
avidinistreptavidin-tagged detection strategies, including strategies:
involving ervviric reporters (cg., horseradish pemxidase, alkaline
phosphatase) or fluorescent probes. The detection and quantification could
also be perfbnned with an immunoassay such as an ELISA for .example,
[001521An example of a detection kit includes .the Fluorescence Biotin
Quantitation Kit available .frotri THERMO SCIENTIFIC, Yet another example
of a detection kit that could be used is the Biotin ELBA. Kit from .ALPCO
DIACiNOSTICS" 



1-.001531The specification i.s most thoroughly understood in light of the
teachings of the references cited within the specification which are
'hereby incorporated by reference. The embodiments within the specification
provide an illustration of embodiments in this invention and Should .not be
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 that the material incorporated by reference contradicts or is
inconsistent with the present specification, the present specification will
st.tpercede any such material, The citation of any references herein is not
an admission that such references are prior art to the present invention,
[001541Unless otherwise indicated, all numbers expressin,g quantities of
ingredients,. cell culture, treatment conditions, and so forth used in the
specification, including claims, are to be understood as being modified in
all instances by the term "about," Accordingly, unless otherwise indicated
to the contrary, the numerical  WO 2011/156467PCT/US2011/039595 parameters
are approximations and may vrry depending upon the desired properties
sought to he obtained by the present invention, Unless otherwise indicated,
the term "at least" preceding a series of elements is to be understood to
refer to every element            .the series. Those skilled in the at will
recognize,. or be able to ascertain using no more than routine Q.,
xperimentalion, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are. intended to be
encompassed by the fofl owing ciaimS, [00.155]Many modifications and
variations. of this invention can he made without :departing, from its
spirit and scope, as will. be apparent to those skilled in the .art. The
specific embodiments described .herein are offered by way of exampe only
and are notireant to be limiting- in any way. It is intended that the
Specification and examples he considered as exemplary only, with a true
scope ,ittd spirit of the invention being indicated by the Rillowing
Claims What is claimed is: 



1. A method of detecting residual amounts of a polymer in a sample
comprising a biomoicente of interest, wherein the polymer is used for
separating the bimnolecule of interest from one or more impurities, the
method comprising the steps of (1) con acling the sample with the polymer,
wherein the polymer is associated with a tag; and (2) detecting the tag,
wherein the amount of tag detected is indicative of the amount of residual
poi )111/- in the solution comprising the biomolocule of interest.
2. The method of claim wherein the polymer is associated with an
:oligornitAeotidQ tag, .3.The method of Claim 2, wherein the
oligonticleotide tag is detected using an amplification reaction.
The method of claim 3, Wherein the amplification. reaction comprises
addition of a set of primers capable of hybridizing to the 5' and 3 ends of
the .oligonucleonde tag,        5. The 'method of claim 2, wherein the
oligonacleotide tag is associated. with a .hapten molecule, a fluorescent
molecule or a radioactive molecule,.        6. The: method of claim 2,
.wherein the detecting step comprises a. non-amplification reaction.
7. The method of claim 6. wherein the non-amplification reaction comprises
use of a labeled probe.  The 'method of claim 7, wherein the labded ?robe
comprises a detectable 



dye.        9. The method of claim 1, wherein the pohoner is associated
with the oligonucleotide tag using covalent attachment.        10. The
method of claim 3, wherein the amplitication reaction comprises polymerase
chain reaction. LI.The method of claim 2, wherein the oligonueleotide tag
comprises a length selected from the group consisting of 10 nucleotides,
15, nucleotides, 20 nucleotides, 25 nucleotides, 30 nucleotides, 35
nucleotides, 40 nucleotides, 45 nucleotides, 50 nucleotides, 55 nucleotides
and 60 nucleotides,             The method of claim 2, wherein the
oligonueieotide tag comprises a length of 60 nucleotides or less than 60
nucleotides,        13. The method of claim 11, wherein the oligonucleotide
tag comprises a reactive group at the 3' end of the tag.       14. The
method of claim 12, wherein the Ligon oicotide tag comprises a reactive
group at the 3' end of the tag.        15. The method of claim 13, wherein
the reactive group is acieMd from a. group consisting of a halogen group,
an epoxy group, hydroxyl group, an amino group, a sulthydryl group and.
carboxyl gout).        16. The method of claim 14, wherein the reactive
group is selected from a group consistinga halogen group, an epoxy group"
hydroxyl group, an amino group, a sulth:ydryl group and carboxyl group.
17,The method of claim 15, wherein the reactive group is further  



The method of claim 16, wherein the reactive group is thither modified.
19.The method of claim 1, wherein the polymer comprises a reactive group,
The method of claim 1, wherein oligonucleatide tag comprises a first
reactive group and the polymer comprises a second reactive group, and
wherein the first and the second reactive groups are covalently attached to
each other, ":"The method of claim 1the olioonucleotide tag not associated
with the polymer is removed by purification,             The method of
claim 1, wherein the hiomolecale is stdected from the urn up conssral:),
r,f prom a an antibody and a vaccine, 23.The method of claim 22., wherein
the antibody is a monoclonal. antibody.             The method of claim 1,
wherein the oligonucleotide tag comprises the sequence set forth in SEQ ID
NC):1, .25,The method of claim .1, wherein the oligonucleolide tag
comprises a nucleotide sequence predicted to be free of secondary
structure, 26.The method of claim I. wherein the oligonucleotide tag
comprises a 



nucleotide sequence free of homopolymers of four or MOM bases in length.
The method of claim I, wherein the pol,Ther is poly(4-viny1 pyridine), The
method of claim 1, wherein the polymer is polyallylamine, 29.The method of
claim I wherein .the polymer is poIyvinytamine  WO
2011/156467PCT/US2011/039595          30, Tiw method of claim I , wherein
the polymer is a stimulus responsive polymer,        31, The method of
claim 30, wherein the stimulus responsive polymer is responsive to 2 Salt
StiM1111.2i,             The method of claim 30, whcirein the stimulus
responsive polymer is responsive to a pH stimulths. .33.The method of claim
I, wherein the polymer contains primary amines and a hydrophobic portion,
34.The method of claim 1, wherein the polymer is polyvinylarnine with I-
80% of its amines covalcntly modified with an aromatic groan, 35..The
.inethod of claim 30, wherein the polymer is responsive to a 



multivalent anion stimulus.        36. The method of claim I. wherein the
detecting step comprises an Innnunoussay or ELISA        37. The method of
claim 1., wherein the polymer separates the hiotnolecult-- of interest from
one or MOM' impurities by binding and precipitating one or more impurities
in a 8ampie comprising the biomolecule of interest and one or more
impurities.        38. The method of claim!, wherein the polymer separates
the .biornolecule of interest from one or more impurities by binding and
precipitating the hiornoleenie of interest. in a sample containing the
hiom.oleenie of interest and one or more Onpurities.        39. The method
of claim I. wherein the polymer is associated with a fluorescent tag or a
radioactive tag or a hapten tag.                A method tbr deeding
residual amounts of a stimulus .responsive polymer used or separating a
hiomolecule of interest from one or more impurities, the method comprising
the steps of       (I) contacting a solution containing a biomolecule of
interest and one more impurities with a stimulus .responsive polymer, where
the polymer is associated with a tag, such that to form a. complex of
polymer and one or More impurities;       (2) .applying a stimulus to the
solution, thereby to precipitate the complex; (3) removing the.precipitate
from the solution; and 



(4) detecting the tag in the solution containing the biomolecule of
interest, where the amount of tag detected is indicative of the amount of
residual polymer to the solution comprising the biomOlecule of interest.
41.The method of claim 40, wherein the stimulus responsive polymer contains
primary amities arid a hydrophobic portion.             The method of claim
40 wherein the stimulus responsive polymer is associated with a
.fluorescent tag or a radioactive .tag or a hapten tag, 43.The method of
claim 40, wherein the stimulus responsive polymer is responsive to a
multivalent anion stimulus, 44..The method of Claim 42, wherein the hapten
tag comprises 'biotin. 45.The method of claim 40, wherein the detecting
step comprises use of an ELISA assay,       46"A method for detecting
residual amounts of a. stimulus responsive polymer used for separating a
hiomolecule of interest from one or more impurities in a solution., the
method comprising the steps of       (1) contacting a solution. containing
a. hiomolecule of interest and one or more impurities with a stimulus
responsive polymer, \:vnere the polymer is associated with a tag and where
the polymer forms complexes with both the No/mica:1e of interest as well as
the one or more impurities under a first set of conditions;       (2)
adding a stimulus to the solution, thereby to precipitate the complexes;
(3) subjecting the precipitate to a second set of conditions, thereby to
selectively elate the hiomolecuie of interest from the complex; and 



(4) detecting the tag in the einate containing the blomOlocuic of interest.
wherein the amount of tag detected is indicative of the amount of residual
polymer in the eluates 47.The method of daim 46, wherein the method further
comprises a washing step between steps (2) and (3). 




