METHODS OF DETEr TI NG RESI DUAL AMOUNTS OF POLYMERS USED I N

THEFi cATI oNspy. wonot Ecut Es Pri hritv The present application
clains thwoboiersssi7it of priority of US, Provisional PatremtusiApplosasasi on No,
61/397,186, filed on June S, 2010, the entire conu.nt of which is

| neor por alied BYNLS LORNGERELEIRADUAR IR ORI Olitdedkavent i on

(0002] The v SO L TR t teCct TNy TEST
anount s of pol yrrers«-m%‘ (RIS m{ ' }Z‘ﬁ%‘ﬁ §v§%p§?| fying hi orral ecul es

such as, for exanple, proteins, polypeptldes ant i bodi es, vaccines and the
| i ke. Backgratipd [000;]Efficient and econom c |arge scale purification of
bi onol ecul es such as, e.g., therapeutic proteins including antibodies, is
an increasingly inportant considerﬁtﬁﬁﬁ;for the biotechnol ogy and

phar mace 1qal i ndustries r L he ypurd.fis 1.QN. Rk gcesses are quite
elaboratg “and expengﬁvghﬁﬁgifﬁﬁ' IS %ﬁﬁgﬂ i fé#eh%gg gﬁgﬁ or exanpl e,
ticalli. n the case of proteins, proteins are roduge using cell culture
met hods, PEXGREORET ﬁb*%ﬁ?ﬁé»“ﬁ%ﬁﬁa Féﬁ - OF BERE B 8 Sealf 1 fﬁﬁﬁg”engineered to
produce the protein of interest by insertion of a reconbinant plasmd

cont ai ni Rgpitiie! géne wneodinged harciprotelasinihiigeviéeal , |-bib:mng the
expression of the target protein, its separation fronlone or nore undesired
conponents including, e, g,, host cell proteins, nmedia by-products and DNA,
poses a form dabl e chal | enge. ugh sggaratlon is especially inportant when
t he therapeutic proteins are (e I38BE8% hunans and have to be
approved by the Food and Drug Adm nistration (FDA). WO

2011/ 156467PCT/ US2011/ 039595 [V®4]|n general ., aratio.n and/ O

puri fi caf®wd] pr oces s pteuas iaraticuraiant iiyﬁ@év«hgsfu‘zéw Hforespiust ei ns, i ncl ude
at least the fbilowng steps: cell lysis to r.ti.COVer |ntracellular
protein @rohegeyesynels anphakeised i pordhe: Iegualing tdaselvofivasisbet.aed
protein; renovai of cells and cellular debris using differefltial
centrifugatdQ Wi o ofdidibg %hk%@ﬂstQQ&ﬁbﬁaﬁﬂﬁhﬁ&kfh@@ns anppl e containing, the
protein of intérest.: and Use of a variety of chronatography nedia in a.
nmul ti-step process to separate a-éﬁéﬁi%&héﬁ interest fromthe various
inmpurities in the sanple.

{00031 Bfficient and evonontic large soale purtfication of hipnolecuies such

- g, therapeutiv proteing inehuding antitbodiv, 13 an moreasingly toportant

comshdoration for the biotechnology aud pharmacentical indhasiries, Generally, the
purification provesses are quite elaborate and expemive and tnnlude many differen
steps. For examyple, typlealty, in the case of protelns, proteins are produced using vell
oulire miethods, e, using sither mammatian or bacterial cell lnes enginenred
pradies the protein of interest by ineertion of & recombinant plasnud contanung the
sone encoding that protein, In general, followiog the expression of the target protei,

jte sopavatinn from nne or move undesired compenents welading, eg, host eell

sroteing, wedia by-products and DNA, poses g formidable challenge, Sueh sepanttion
is eapeially important when the therspeutic profeins ave want foy use i nanans and

have i be approved by the Food sud Drag Admimstestion (FDAL



[ 000511t has been denonstrated that certain polyners are especially useful
in the purification of bionolectiles fromone or nore inpurities in a

sanpl e. P80 2eKasplod, the use of pol yel ectrol yte pol yner #Ccirnistéiomsesbsat i on to
ptirify proteins is well established (see, e.g.. International PCT Patent
Appl i cat k{Qﬁ3N0, W 02}9@!3\;@91173%8);*32&@3*&?sgi’ R8¢ 1(3;9{1194&?&@&%‘5 tt.t&‘sﬁﬁtiw de range
of polyners, w th the“only Tequired gerneral characteristic being the

pol ymer nust have sone |evel, of interaction wth a species of interest

(2, 0 DU YR P o FOL P RCY e PR e DR8PPSR Publ | cat i on.
Nos,, 20080155027, 20090016651, 20090232737 and 20110020327, each of which
are i ncoRPBFAtE WY Relarenes: CHeMaicH Pt e etgat FREeY & Sgi'delss the use of
certain polyners, referred to as smart pol yners, which are soluble in an
aqueous based: solvent! coliderd aetiabr tidith et witvprod essirdaniipt Pons such as pH,
tenperature and/or salt concentration and are rendered insol uble upon a
change i fhgrences oilire: dhriduChngdndirtiiong jangdosiabsegient: yipresipi t ate out .
[ 00061lin the case of smart polyners, it has been ibund that these polyners
may ei t hel:hl Nd 008 R BL 639! Wbl @uandhPhukRs ol ubkgd MPuUrdid hes or they may
bi nd the bionol ecule of interest (e,g,, the target protein being isolated).
| n_gener gl SUeh BRI MIBLS GAR I PRECIphtat ed Qut of solution fill 1inving
exposure to a stinmulus pH. " tenperafure, salt etc.), as described in one or
more of 2»0%30255027 qm\.,.?0.4\\1\/(1\5§£§Z§§1L¢U§291%/‘03\\9.“,5,9(5»,1300.9-3QO§,§951,
200902: 39#571 and 20 1B IBEDF RIS D SRRt B G DY BFEFEREEHAF SR Fn t hei r
.entirety. 100071Al t hough., the polyners con be precipitated out of

sol ut i on PREPHEEIoH A RV HHEGHSP YD EES ROTWE] EWS“'?F%W&V@‘WFW ¥ the
pci/plier preSent In the sanple or the biological material containing
stream therghythe esutitohgldcabhepgresent Enofuisiasi tdgai Dapronsss it he
polymer in a sanple containing the bioinolecule of interest Detection
of anount sst@flishet KERle 4. Sinespeckal MYT enusi appivhen: Nhewhbumbleeiddie of
interest is a therapeutic protein,when the protein is neant for use in
humans  and;.,8Guk LS APREAVEL YN SnEO s A0 oA WaHh AR slkatd on (FDA).
Summary of the I nvention

seneral characteristic being the polymer mst have aome lovel of interaction with 2
species of fiterest {o g, a target molerule or an impurity). Farther, US. Patent
Publication Nos, 20080255027, 20000036651, 20090332737 and 201 10020327, cacl
of which are incorporated by reforence herein i their entivety, disvuss the use of
certain polymers, reforred to as smart pedymers, which are soluble soan agqusous
based solvent ynder a cortain set of process condittons such as pH, towmperatire andfor
salt concentratinn and are rendered frsoluble upon a change in one or more of such
conditions and subsequently precipiiate out

{80061 In the cage of smurt polymers, 8§ has been found that these polvmers
may pither bimd one or more soluble andfor insoluble hmpurities o they may bind the
bivsnniecule of nterest {eg, the farget protein being solated). In peoneral, such

polvmers can he precipitated out of solution following exposurg io a stmdus {e

s

pH, forperatare, salf ofe.), as desoribed in one or more of QUORGZ330T,

[



[ 0008] The present invention provides a novel and a nore sensitive nethod.,
relative to prior an nethods, of detecting residual anmounts of a pol yner
used for worpohiseg7a bi anol ecul e of interest in a. sanplreT/USeottilosssedre, the
nmet hods of the present invention do not require sanple processing and can
he carri adyQub, Ko naf;&%ubp el RA0T Jy? ;Q&ngw é@bo LALOL LGS € 0., 2
payneni s€ ‘charn réaction . ci na nne In ease 0
011140ntte,au ostik I/ 't'- [0009]In ork aspect according to the present

i nventi oM Pt hod of det ecti ng residual amounts of .a pol ymer in a sanple
conprising a bionolecule of interest is prOV|ded mher? t he pol yner is used
for sepal@ti’hg the BiBwWBERAM BFUEAtEPESICHFGIH GHENGF hﬁfeﬁﬁnpurltles The
pol ymer may either bind one or nore inpurities or it may hind the

hi oni ol egukeisfion Repdestjol thenebynte Sepdhare yrherisiondl @esdpplest | nt er est
fromone or nore inpurities. In sonme enbodi nents, the polymer may bind both
t he bi omgiE@kickRaDhvisAheresiniag svahl, iasvionesatingbrige hnpark:tof esgdusher e t he
bi oi nol ecul e of interest is subsequent |y sel ectively el uted, whereas the

one or mre., LR k@&*&em'\@wBQL&UQV&QvsF he ROLYEBL: of {0040] Dhsose
enbodlnents a met hod for detecting resi dual antounts of a pol yner

accordin ; vent i Sk S f.5: gdontacting
a sanpl e é §% dﬁsg% ‘iﬁuﬂ$i%®iﬁffﬁﬁe¥ihﬁ §%§§3Q§ﬁ§%§§§ﬁo% ﬁ%%éilnpurltles
with a pol r, ,Aere tbq %é g | s associated d.(2)
detti.ctihi fﬁtﬁéQW%@ﬁ{ ére \ia)) ‘?“67*%&@‘&e?§éi§ﬁ“¥§ ‘hé?%atlve of the
anmount of residual ?o in the sanpl e conprising the bionplecul e of

i nt er est APPPOBIYFLEH “Q§ﬁkﬁﬁﬁﬁﬁﬁ%¥é ‘thetledy is an ol i gonucl eoti de

nol ecul e. I n other enbodinents, the tag is t. noo-oligonuel eoti de,

nol ecul e, e.g.,. a hapten nolecule, a fluorescent nolecule or a radioactive
nol ecul e. I n instances, whergsamanobegul mviestitthe detectable- noiety, the
terms "tag" and "nol ecul e may be used interchangeably herein. [00121A tag

may eithespde attached hQed inPOh¥RRohRIsNGudel setatdoeiehdivmychedat t ached
to an ol i gonuel eoti do mol ecul e mhlch isinturn attached to the-polynerin

detected., ., { LY, {, E d,, ¢ o beswhi ch

hybri di zés%‘%g%\&?ﬁk ?ﬁtﬁé%ﬁﬁ%:ggeg t? & %ggﬁﬁ; Eg\éli\,ﬁ[]\% 0|Q§s)pdg}t Egghgij\ﬁ%}o t he pol yner
bei ng det ect.ed go, eot i de nol wd he ol ecul e

may be dé?%&ﬁ%ﬂﬁ&éiW§* %ﬁ? ﬁféﬁgrzh“ﬁﬁgh p?ﬁ* ““f fﬁﬁwgﬁ&’ anpll fication
neans e.g., use of a probe whi ch hybrldlzes to the oli onueleotlde nol ecul e
or a fl uGFESEEAYENET BUPEIcTHEDFFTPIRBIBEH S B¢ PRAF 6XSEH 08! iiecul e att ached
to the oligonuel eotide nolecule or attached to a probe which hybrldlzes to

the -ol i gonigpoicabtdraponiylfeey io)shormoriss, e g 8 polymersse chain reaction (B

thernmeyeler machine in case of oligonucieotide tag based methods described heveln,
REUE i one aspect aecording fo the present invention, & method of

detecting rosidual smounts of a polvmer in & sample comprising a bomolecnie of
intorest is provided, where the poelvmer is used for separating the biomolecnds of
interest from one or more mpurities. The polymer may eithiey bind cng or more
impurities or it may bind the homoleenle of interest, thoreby to separate the
biomolerule of intevest fom ong or tore Impurities, In some embodiments, the

polymer may hind both the Momolevale of fnterest as well as one or more Impurities,

sy

where the Memolecute of interest is subseguently seluctively sluted, wheress the one

,n-»

or more impurities romain boand to the polymer

iex



1001 41in sone enbodi nents, a. polyner is a stinulus responsive polyner. in
sone enbodi nents, the pobner is used for clarification (Le., binding to one
or nore iWpwoittises7i n a sanple -containing a bionol ecul ecofuseoin/o3ssest and
one or nore inpurities) En ot her enbodi nents, the polymer is used for

capture b| nd . i 0 t. otk Levr etk Il other
enbodi mer(f;tts heiBy hidgf“%*b}' gtﬁ%LQq \%‘“3611? 184S %Eﬁ)ﬁ?é‘?’ﬁ %!11/ 039595
bi onol ecul {e | nt rest «e}ng ne rmre | purit] H%MI ere ! bi oni ol ecede
of inter @YY *EHH *&dé?rir‘{”l" AIEET BEET ’\7*8‘13}‘“‘%]“’3’( @8 ‘T‘F’b 9 T‘)}ﬁ%i’z wher eas

t he one or nore |rrpur|t| es remai n_bound to the pol yner, [ONSlAccordl ngl y,
in sonme enbpEHARIESIL B MIE op! GBS pRheP BT UG AP PRSI S of a
stinokis responsive polymer is prOV|ded where the method conprises the
steps of patdmey, whnt dotjogna isedsuthon voOmH ainiwiga) #itonoldbuiog. vhatint er est
and one nore inpurities wth a stinulus responsive polynmer, where the

pol ymer g 888&Q€E hat@dcWhi-R i@idiaativs4the khatnitd rébue golearpleks of pol ymer
and one or nore inpurities; (2) applying a stinulus to the sol ution,

t her eby K%rB &6l Q&&@K?EIQQF&QQQweﬁﬂvgéh removing the precipitate from the
sol ution; ?ﬁ det'ecting the tag in the solution containi ng the

bi anol ec f interest, W y t.0fyLa C ipdi cative of
t he armulr‘;”t}‘t‘ o‘g resi dUAr gﬁ%fi ﬁ%%i SIS ‘%é ‘th}F il }ogn‘ g‘égnggg b q‘if %e §§| onol ecul e
of int erest %0016 ) hi anot her errb get hod fo[ det ecting residual
Srount 5. oM cbOPRIS. RedHonsve-peryHar Konpiltrhe: Sl o 1)
contacting a solution contalnlng a blonDIecuIe of |nterest and one or nore
i mpur i ti esolwiudh adlitdspull g lresporsileapBioyEE S hBriBSENES. Polly Rer i s
associated wth a. tag and where the )lyrner fun s conpl exes with both

t he hi m D@inulieisafe dntestesnoasy Wt lenas “eseiendeouniol way hpousddt | es under a.
first set. of conditions; (2) adding a stimulus to the so h thereby to

preci pi t aferct: }g@:,ggp;mg&es (3) subjecting the precipitate to a second set
of conditions-, théreby to selectively elute the bionoleettle of interest

from the 16078 i ex; ands(4),,d é;e%l e l:ol A %@&s&%@&@a&& &ankal-ekng the
. bi onol e e ' of |nteres’t e am)unt of tag detected is indicative of

the anoun residual “' bl.al [0S SQNE,,...& glmants
“there |S*E§é %Ssh&tét\ 3y %séfﬁ\% cmgtaé%iéx ‘é‘% ss;%? 3 g&%ﬂ%o tha %!IRHL @b(?;
2011/ 156467PCT/ US2011/ 039 95 [00181| n so enbodl rgn e tihe stlinulus

r esponsi VEWXPBRY AeRTIEVFESHE HE V&Y Po R ad I SIPRUPIE O PSSR ©tful us. In a

particul ar enbodi ment, the pol yrrer is responsive to a mtivalent anion in

I ns. oligonucientde molecule which is attached to the polymer being detorted.
UG R 11y case of an oligonacisotide moterule, the melecude may he detented

using amphifivetion means {e. g, PUR) or non-amplifieation means { e.g., wse of 8
prabe which hybridizes to the eligonuciontide mnlecule or 8 fluorescont molecnls,
hapten moleoule or radicactive molecule sttached 1o the oligonucleotide molevule ov
attached 0 a probe which hvbridizes to the oligoncleotide melecale).

RERES! In some embodiments, & polymer is g stimaolns responsive polymer,
In some srmbodiments, the polymer i wed for clanfication (e, binding lo one o
more imparities n e sample containing & Wonuleonle of lnterest and ove oy muove
impuritice). i other sbodinents, the polymer Is used for caplure (Lo, binding o

the biomolerule of interest). In sl other envbodiments, & polymer binds to both the



[ 0019] Exenpl ary stimulus resp(maive polyners iticlude, but are not limted
to, polyvinylam ne, poiyallylamne, polyvinylpyridine and polyners nodified
wi th a hywoaephotss47gr oup, [0020] 1 n various enbodi nent s, PChASL@@/06%98. , an
oligonueleotide nol ecul e or a non-oligonucl eotide nol ecul e such as, a

hapt en TRLSGH G &kl He] B3PS0 Rl e?gbh ol ‘,@;@g‘@g&k&aga}a&e ok geyle) is
covalently ached’ Batten mol ecul e, a
fl uorescent nDIec | e or, ad oact ve .ol ec e) is roygle m 1ly attached to
the ol i geTUEHGET des T ERY e e P %‘“Ei“ér&hé‘g‘i‘t?* KB VG 1 n soms
enbodi ments, the tag is attached to a. probe which hybrldlzes to the
oI|gonueWéﬁWN@é?Wﬁmééuk%jRﬁﬁéh@ﬁﬁwfurn is attached to the polyner. [0021]In
sonme enbodi nents, where the tag used is an oligom clootide nolecule, the
det ect i ofiEitiép conp@ksﬁﬁh@muﬂnnﬁwhmé@ﬁmwmﬁacmﬁﬁnﬁﬁmﬁ%@ﬂﬁgeﬁbb@inents, t he
anplification reaction conprises use of a Set of prinmers which hybridize to
the 5 andnthes3tendahohedhbesiol pgonuck eatide, Fabealt Buwttod canpaidsi cul ar
enbodi nent, the anplification reaction conprises use of a polynorase chain

reactiong z(gv f&Rﬁmf QQ&%M&%&QW@&%@QQQ& IBMS: iWheIRulNg iBQUsadsks an

ollgonacleo [ ecul he detection step conprlses a non-anplification
reaction n.an exenp) the. n LJ.on reaction
conpriseskﬁéﬁhm¥1“\“‘gﬁé P ngo qgwﬁhg'n%i QP Qk&gﬁj gT%gonicleotlde
nol ecul e. In a particul ar enbodlnent he Ia eled r obe conpr|§es a

det ect abl"&! dyal O HibEHEFD SESHBIS S FeR %‘é”lr‘ﬁ‘eﬁi*‘* “E’g‘ FHEREEHPT 4 cat i on
reaction conprises the use of a hapten tag which is attached to an WO

2011/ 156487PCEAIS201E 103859%uish. Jorhussr eorirdaleiBbe senres: (Hryetvigfot her
exenpl ary enbodi nent, the non anplification reaction conprises the use of a
radioactRh&mﬁegﬁﬁﬁﬁawﬁhu@@kﬁﬁﬁn@ﬁﬁé@hﬁ@ﬁﬂgﬁedagbﬁ@he&@ﬁb@oﬂmﬁe@gide

nol ecule.. In still other enbodinents, a hapteri, flnoreseent or

radi oact kMehiakalohis sdliachedhte & @f@bﬁ oMl c;ilenebmm didzasgvd 6f thhe
ol i gonucl eotide nolecule .attached to a polyner which is being detected.

[0023] I n, 5008 &R "F@L Fsher 808 s{}ﬁgﬂ'&m{kﬁf’fﬁ ?1@@:{%@&%&, §?¥itl g the methods

of the present invention conprises a engt “Which is 60 nucleotides or

shorter. one enbhoc Suatihe. . 0 ide tag is
sel ected! EQ t he n?6§“3§6ﬁ§|§%“1‘H“ 'ﬂ“n cfé%f“dgg QQ@ 9“ gé‘é‘%ldes . 20

nucl eot i des, 25 nucleotldes 30 nucleotldes 35 nUCJEOtlg@
nucl eot i AEETHUS TFFCREET PRERILT o Bmﬁﬁaef?éoﬂva@si BRSSP 5»*and 60

nucl eotides. TO'41lln sone enbodi ments, the oligonucleotide nolecule
conprlseswﬁ*Wéaot$9@0§$BW§“&ﬁ€%HémgGﬂéﬁﬂﬁﬁﬁtfﬁ@“ﬁhg“*WWé‘ﬁeﬁ@tlve group nay
be chosen from a hydroxyl group, an am no group, a hal ogen group, an epoxy
group, arﬁ@n@@%ywkghauﬁh;aﬂﬂ§ae5ﬁmk%hyﬁnyﬁngmahp iad musenee 8rbodi nents, the
reactive group nay be further nodified, 6,.?,9g, to create yet another
react i ve sgreup iHsGRapiERE aGhTo &b bl B@IIERACH MErGE QUR=08s thens pol yrrer .

more apurities under 3 first set of conditions; (2} adding & stimules to the salution,

thershy to previpitate the compleses; () subjocting the precipiiate to a ssvond sat of

comditions, thereby to selectively elute the Bomoleonls of intereat frony the complex;

and (4) detesting the tag v the cloate contaiming the binmolorule of aderest, where

e amocnnd of fag deterted By indioative of the amount of residual polymsr i the

shanie,

T Iry sene embodintents, there i3 3 wash step botwoen steps (27 and {31



0002511 n some enbodi ments, the pcdyntr conprises a reactive group. The
reactive group nay be chosen from an al dehyde group, an epoxy group, a
car boxyl iwoaeiidisgtedup, a hydroxyl group, an am no gr oup PCPRiSR®In 39595

secondary, or tertiary, including pyridine), a suithydryl group, and an

ar OMmat i C g Qup. [00% ; e Sv:\{Ldmgztﬁhe:f eemeakwggm%“ tz»@nphng@inu&fk\ Qtide

nol ecul e*conpri ses I'rst reactlve grou cor"rprl Ses a

second reactlv the fir nd_secor qqtlve roups are

coval ent FY* 3t gé‘%@ﬁ" {‘)o“ ggéW“St‘ﬁe B8 "?‘h@‘%&%‘cﬁ“ﬁ@g“} oUp vy “r?é‘yg‘be chosen from

t hose descri bed above and may he coupl ed directly or via WO

2011/ 15648FPETUSIO T 0R9Ns 8 50HkEr . in a particul ar enmbodi ment., an

ohgonucl eot i de Mol ecul e containing a reactive anino group is react ed with

i odoacet &Milde acti vatedpiaryt Hindyigs tespryananydneit riclalzebed saneht figied
.eonjugated to the pyridine reactive group of the pol yner

pol y( 4- vidyybpytivtimner. pd QR Ehline, sohwembedinentisolantragoiialdigoriuel eot i de or
non- ol i gonucl ootide) which is not associated with the polynmer is renoved by
purificat, g&gm(&&et\g@# .ary purification nethods include, but are not limted

to, precinpi tat| on iltration. through an ani on exchange nenbrane,

ultrafil " da JLrat y pert neatd, I8P 0028]In

sone eM éﬁ" nts, ‘gi E%f‘o‘ﬁoflgggtfm%“f C!*éf‘éés*t gﬁ];sg}g *&ggcig ?grﬁg\t%e/ gr oup

consi sting rotein a reconbl tibody and a

vacei ne. PR &é“‘@ﬁbﬁ*&r st DS AR E Ry a e RrRti B gy
[00291In a particul ar enbodi nent, a net hod according to the present

i nvent i of SHBEE AR TElighn et e sl dR s he il B PEORBFIETHgRE ke sabidite set
.forth in SEQ ID NO 1 [00101I n sone enbodi nents, the oligonucl eotide

mol ecul e neduphi, s @stomseant mvlecuie or a radicsctive moleoud e); is covalently attached to

the oligonucicotide which in turn iy atlached o the polymer. In some embodiments,

s

the tag is attached 1o & probe which hvbridizes 1o the eligonucleotide moleoute which

12

1 furn s attuchied B the polymer

HEDY In some embodiments, where the fag us an chigomuricotide
molsonle, the detection step comprises an mnphification resetion. In some
srnbodiments, the amplification reaction comprises use of a set of primers which
hybridive to the 7 and the 37 ends of the cligomicleotide molenute. In & parliculnr
embediment, the amplification reaction comprises use of a polymerase chain reaction
{PCRY

LU In some smbodiments, where the tag used 18 an oligonclsotde

melecule the detection step comprises s nor-araphification resction. In av exemplary

gmbodiment, the sonamplificstion reaciion comprizey wse of 2 fabeled probe whick
hybridives to the aligonscieotide molecule, In & particular cxabodiment, the labeled

probe coraprises 2 detectable dye. o another sxomplary embodimernd, the non-

amplificativn reaction comprises the use of a haplen fag which s attached o an



nucl eoti de sequence .predicted to be free of secondary structure, [0031]in
sone enbodi nents, the oligonucl eotide nolecule conprises a nucl eotide
sequence Woeeliosedsar oopol ynmerti of four :or nore bases iPoTius2giih39spH032]in
sone enbodi nents, the polynmer is poly(4-virtyl pyridine). In other

embodi mept s, LREPOLYIRE LT $: PALAVHEYLANALRE erbBudldnl knOfdper enbodi ment s,

t he pCIyﬁ%?H§kﬁof§aﬁ%§F§ﬁi%e?&4%¥ﬁ€%%§$ﬁ$ugfﬁﬁéhéhﬁgdﬂm%%fs, the polyner is
a polyal | yi apine or pol yvinyl anine pol yner podified with g hydrophobic uoup
"aPa var trelTs Rl R DG P T EanR e L ey B Vel gt o
150 : kDa., .where WO 2011/,156467PCT/¥US,%§1#_/A03959_ .30 ..N3 of its ariline
groups ar&cEEyH EROFFFRREEIRT BEERE YRR PR ORI WF Rz y | chl or i de”

[ 0033. 1i n sone enbodi nents the polyner is responsive to addition of

nut | ti vallentsant onsdiop@rvedsairptisshed phosphatetioh hditiaed fens. [ 00341En

: 3orne enbodi ments. bn, used for detection is , fluorescent mor a

f | uor ophergnucbii¢hmpiysbeiatitcdehe gotvorcs, wldlly drigrdatetan ol i gonuel eot i de
nol ecul e which "binds the polynmer, Alternatively, it nay be attached to a
probe whighahybri di zegdO:hheinmehk geNtlicehaokdiiie vinbesuhd if 06@351Exenpl ary
.fluorr....scent tags include, but are not limted to N-414,4- di fl two-

"3, 5, 7-t gtham ek byl 4:000 85 3, 20485 8285 8k WAIGACE kh S deaYdiad oacet amide
R G N R

(al so known as 7- hydr oxycoumari n- 3-
NVLTR

car bOXyl i‘ 9" a‘éc*;i 3 \Suve“\elnim g\ |~ : § ')\erx" v'v(s\llwK &y NN LN QN¥' 2 'Q-Q' 3@-«’ "I“) gy ~[re
emhod meate ks gt gHei bt S bt PR e s Bl ool

the group consisting of 10 nuclectides, 13, nucleotides, 20 nuvleotides, 23

mucleotides, 30 nucleotides, 35 nucleotides, 40 nucleotides, 45 naclootides, 30
nuclontides, 35 nucleotdes and 60 uclontides.

REUEEY in some eothodiments, the oligonucieatide molecule comprises a
reactive group al the 37 end of the tag. The roactive group may be chosen from &
hvdroxyl group, an amine group, @ halogen gronp, an epoxy group, 8 exrboxyl group,

angd g sulfhydevt grosp. In some embodiments, the reactive growgs may be further

mindified, sg., o oreate vt another reactive group which interacts with the reactive

group on the polymer,

e

FEUEAY f some embodiments, the pobvmer comprises a reaetive growp. The
regetive groap may be chosen from an sldehyde group, av epoxy group, a carboxylic
acist group, s hydrosyl group, an aming group (primary, secondary, or terhary,
inchuding pyriline), ¢ sulffeedny! group, and an aromatic group.

OO B still other smbadiments, the oligonnclsotide muoleonds comprises a
first reactive group and the polymer comprises 8 second reactive group, where the

first and second reactive groups are covaluntly sttached to gach other. The reaclive

groups may be chosen from those deseribed above and may be conpled directly or via

np



fluorescent nol ecule or fluorophore is detected and quantified

144f " fl uor eseence .spectrophotometry, [0037]1n sone enbodi nents, a tag
used . forwdebactseesm i s a radi oactive nol ecul e, whi ch napcChasaitiasisesl to a
pol ynmer or to an oligornol eoti & nol ecul e which binds the

pol yrrer"AI rhati gk Loy . hybridi2:es to
the oli gon%}gT eo%| :ﬁgkxt eé’ﬂ?’@%fF Eggagxaﬁg,wgd 11??»9?? P@%ﬁ?f%ﬁ tags incl uk,
but are not .Ii Lo, NE ’hé hﬁw é“‘ g e gdl de [14C] (M

Bl OVEDI CA}™ ‘ ‘Fb’ﬁr@@?‘lfﬁ S E R ST R e “‘f‘hé‘ 58T é TEi bearing a coval ently

attached rad| oactive group 3 detected and quantified using a
sci nti | | sdtbendothieyc <i[“€)§@¢€)}1‘ BB AR IS HD B “F\E‘s“ W %‘a‘g? Ei%éél for detection
is a hapten nol ecul e which nay be attached to a polynmer or to an

. ol i gonustieotei gelvbblesigvadikl.ch hinds WO 2011/ 156467PCT/ US2011/ 039595 t he
poI ymer. Alternatively., it may be attached to a probe which hybridizes to
t he ohgofriglreol i de Hmalk: ﬁciﬂﬁ@:lriﬁmaﬁgmh@{&wﬂﬁ@i e;ﬂz&agam;mLmdeéwbdt are not
limted to, fluorescein, biotin, and .dinitrophenol. Exanpl(.':s hapten

tags includinng & L:ea%hiy &gk %%R}%{;USJ ‘s'?@m%‘bx pusBeation. Exemplary
044, 4- di nti rophenyl )aTi | h. 10heXanoi ¢ acid, succini m dyi ester” OVI TROGEN)

DSR- XP4 ‘_.,‘Q.‘ ERRole Mot l 3 1 de)
Bl R PR B0 M A S P PSR )
SCI ENTI FI C) 804}1| n.Some €01d 8 }}ﬁy}gﬁ Nt ai.ning an attached
bapt en | 8 HBESCRER BAEOHTANTTET ’“d“h%l‘ﬁtf‘ E e ‘é§3§%§~~“i§ﬁch as an ELI SA,
An exenpl ary exanpl e of an ELISA is the Biotin "EL:ISA Kit (ALPCO

DI AG\IOSTF)1'%?“‘%;&‘2‘1??1}’-

(2R i some onthodiments, the blomolecule of interest is selegted from
the group consisiing of a pretein {e.g, & recombinant protein}, an antibody and &
vacoine. Inosome embodinents, the antiesly i 3 monocional antibody.

{28 T & particniar embodiment, & method accovding o the presest
invention uses an oligomucisotide moleculs comprising the sequence set forth in SEQ
I N

G In some emthodiments, the ohgonueleotide minlecuio comprisas &
mucleotide sequence predicted 1o b free of secondary structure,

FO031] In some ambodiments, the aligomcisotide moleoule conprises a
macieotide sequence fee of homopolymery of fur or more bases in length,

RUERNS i somne evubodinsats, the polyiner s polv{d-vived pyriding). In
other embodiments, the polvmes is polyvinglamine, Irnostill other smbodinants, the
pobvmer is polvallylamine. Inosiill further embodunents, the polymer s &
polyvailylanming or polyvinylamive polymer modified with a hydrophobic group. lna

particnlar embodiment, the polvallviamioe has a molerular weight of 150 kDa, where



[0.04").1lIn sone enbodi nents, a polynmer containing a covalently attached
hapten is detected and quantified using an avidinistreptavidin detection
met hod krwo0,2011/13646m t he art or use of enzyne reporters aot/seqliiioddsesnti on

t echni ques horseradi sh peroxi dase, al kali ne phosphatase), tyram de signa
anpl i {1 cahbone Ol HOLEREEN  RELORES ;o iBRATIL N FOMR BADRALTENt S according 1o
t he net hods o%‘ the TAvention, theone or nore“inpurities are selected from
t he group col _e?_ii,s‘t,jwng of whole cells, cell fragnents, |ipids, DNA. RNA, host
cel | prO“gﬁﬁgf“Eﬁﬂotoxins and viruses, Brief Deser' itk nf the Drawio fs
0044)Figure 1 depicts a schematic of a purification process as applicable
to a pH d&Péndent . POFYRRFNRYERCHES YA IR AP TOPRENHSRAT ch has bi ndi ng
affinity fO a desired biornolteu 1 e of interest, [0045]Fignre 2 depicts
an i ndustmytistandaods. ttenplaatés, Pbesptibie oportiafieati on of nonocl onal

anti bodi es, WD 2011/156467PCT/US2011/ 039595 [0046] Figt 3 is: a graph

depi cti ngiaaguant i t &t kve: BERx ki afk et daokin is uikoonjag atzed

ol igonucleutid.e tag. The circled point is for -10 copies of tag input as

- det er mi DEG fLAMdikiti QR Qf A Bi0ek Rhval Qi gonuelRokibae: oficumknown
.wei ght resuspended 1 n a’known volune. [00471Figure 4 is a graph depicting

the char ARLEMLARLLQ Qo%& h?ﬁ {J}P&Q'}}J Qtﬁzliﬂ bap:?:::mchs:d tor a probe which

hvhridizes 0 the cligonucieotide molesule,

RE RS Exemplary fluorssesot tags include, bat are not Bmited fo, N-{4.4-
difhuore-1,3,5, Ttetramethyb-d-bora-Ja dg-diaza-s-ndacene- -yl Hodoacetunide {also
bnown as BODIPYE SO7/54% 1A (INVITROGENY and 7-hydroxyoonamrin-3-
carhoxvlio acid, suecihmidyl ester (INVITROGENL

10636} fix somse enbodiments, the polymer bearing s oovalondty sitached

fluarsscer molecule or Tworophore is detetesd snd quantified wia uorescense

spestrophotonetey.

[OUATY in some embodiments, & tag wed fir detontion s a radioactive

moiecule, which may be attached 1 3 polymer ov 10 an oligonuclestide moleoule

which binds the polymer, Altoratively, # may be attached to a probe which

hyvhridizes o the oligonuciootide molecude,

fOO3E] Fxemplary of radinactive tags inchude, bt are not timdted to, vasthy

.

140T (MF RIOMEDICALSY

todide [3H] and methyl wdide
03] in some embodimends, the polvmer boaring & covalently attached
saclinuctive gronp s detected and quenifiod using @ sointillation counter.

{04 In some snbediments, & fug ased for defection 13 a hapton molecule

which may be attached 1o a polyvmer or to an oligomucieotide molepale which binds



an oligenuel eotide tag to polyner in the oligonucl eolido-conl ugated

pol ynmer. Open di anonds .sho readout obtained with un-r;enjugated

ol i gonuclwotndeist4g, dosed di anonds show readout obt ai nedT/08d1h/o3¢semdar d
wor kup of the oligonucleotide tag -conjugated polyner and the dosed
triangle ow t he, r eado ci,totid

t ag- conjaﬁaFEGh ﬁﬁﬁ%?“ﬁﬁ?ﬁt?éﬁy ﬁr%i bi?é??é% ht#%ae%fgﬁ mxture in
&nmet hyl forniam de using ethyl acetate follomeq b resespen5|on i fl

met hanol ChFIUEBOHIEERIEFAL SdTRPERY nier Reseaingdm hwr»o%*r detsd Based on the
assunption that the sensitivity for conjugated and .un-conjugated

ol i sonucKBeotiwe:, bagin subi m‘*i@ai“gn(t ik ag e Mapieintiyesfiogt u@egp agatey

cdi gorni el eoti de-tagged polymer is -125 parts per trillion or lower thr the
experi rrentcat ol podad enmNed B} sgatireghohomainchembecuidesiabintagiyper 500

mol ecul es of polymer. [0048]Figure 5 is a schematic depicting the use of

ol i gonucl.gatindertRgcreanhugatedynel YRt & f Qhndpunsieanprocess noni toring,
t he process wor kfl ow 1$ shown where the ol i gonu eotlde tag conj ugat ed

PO YN A &oliseuhll Rk bansous. L ALILLELd PRANG I LigatL AR wher e the

pol ymer bi nds interest as-we as one or nore
inpurities €. nol ecul e of interest is subsequently selectively

el at ed, Vﬁ%ﬁgéisthgxéﬁég nore inpurities remain bound to the pol yner.
[0049]F|gure 6 is a graph depicting, the anal ysis of various fractions from
the wor kEFOW i n Fi glit 0% gspodiaspiadate orimsiigse Ag S A0 HPHY Om t he
oligooticleotide tag tracer"As the fractions nove through the purification
process: foibtied oul westibegising on iINOR0LSH 156267 RCTAUS2041 4039585 | atten out
with a crossi4. threshold (CO of around 48 for all dilutions, simlar to
the no tagwgaahl @l BLINOBOLEBgUReEIAsdepi chbratsbandatd TelR Ve fir quanti fying
unknown concentrations of a BODI PY 507./545 tagged pol yner" which was

gener at eghdusi ng knom&t@wmafwatw}% SRTHBAB 11800845y Sueephobi cal Iy
nodi fi ed” polyallylatll I1e Stinulus responsive polyner The concentration

of polyner R [ L0 [, he.. X a%l. nd intensity
at 545 DN ERORRCBAn %gixf Ak ﬁ‘(”lp‘ %éi%ﬁ§ags%w§1‘gﬂg‘ e ”““ﬁgf%ﬁﬁggpl cting the
quantlflcatlon a BODI FY 507/545 1 age ﬁgf rophob| eal | y. nodi fied
ponaIIyP%ﬁVﬁ@‘gtﬁﬁﬁﬁdg‘?e%%dﬁ%ﬁv%“‘ i eiEﬁﬁ‘é}%"ft"e“r{‘ﬂocculatlon and
clarification of a cell culture nedlunt The floccul arit dose % (wei ght of
pol ymer/wt\uﬁés@fm@ettzscafktaaﬁfe@tq»ntiﬁ)<Ci AR s s i e PR ECEREWH on t he xaxi s
and the residual polyner detected in the filtrate is shown on the y-axis in
parts peflumickdehomnbB8et ai | ed Description of the invention [0052] The present

i nvention provides nethods of detecting residua( anounts of a polynmer in a
sanpl e, whare the peol wiesohsdiseds habrEepar abivhghaishiramoheauke, ok interest
fromOMor nore inpurities. In some embodi ments, such a polymer is "a

stimul us.resnar fs'zyzg\ugg yger 10Q6 S PREL ALY IR nikhoR OB RO ment s, - the
smart poiyner d |onD eenit: of |nt rest. i'n other .arobodinents, the

smart po bi,nds | DstLld her enbodi nents, the
smart po%ywﬁr“5|ﬁ83 g@t q%§ﬁp£%6fec?ﬂ? meﬁ$e§ %;xgg ‘one or nore

inmpurities, where the bionolecule of interest is subsequently eluted from
the pol yner and the one or Modre inpurities remain bound to the polyner,

Briet Description of the Drawings

{44 Figure 1 depiets g schomatio of a purification process as gpphicable to
a pH dependent polymer such as poby{d-vinylpyridine], which has binding alfingy for

g desired ornsisonie of miersst

{0451 Figure 2 depiots sn tndustry standard tenaplate for the purification of

monocional antibosdies,



[ 00531hi order that the present disel ®8Ure nmay be nore readily understood,
certain terns are first defined. Additional definitions are set thrth

t hr oughowot2ha/detedi | ed : description, [00541As used her ecmuskéia/089%om

"bi orhol ecule of interest" or "desired hionoleonle of .interest"" refers to

a bi ol 095 @@k materi alo, (€10 oradh & ,1&}{3{( gngpilatné:w R Qfi@uPL QHYE &y 0f

i nterest Wmch is elng se‘arate rom one or m)relrrpurltles using a

pol ymer, ¢ 3 . ops: e.p9 » A mo cul es of

i nterest ™} hg RVE ‘éi‘% “?%“még?“ as é? bY'e f%%?‘é&‘éﬁ%ﬁ %n‘?}%?éf i nsg lJ‘éntl bodi es
and vaccines. In a particul ar ent hodiment, a biornolectile of interest i.s
a nonocl BHETTER | B&d?ﬁiﬁ?*%éﬁ@‘%ﬁb@ﬁ?ﬁéﬁwgkﬁy HOFEHRE§FEhg to the

present invention detect residual amunts of a polyner which may be

remai ni ngesadiredecbinndineg vaivdape-eci pi tating (not . necessarily in that order)
a bionolecule of interest, thereby to separate it fromone or MON

i mpuriti @84?ln ot heﬁ?*i@mm'm@n@sﬁsgﬁhﬁezgnm HedsctatoocdbNds taeitrhetipoesent
invention detect residual anpunts of a polymer which may be remaining in a

sanpl e af befoRERALRG@Rdp@LRsH B habli RdnbRALINEGESSAN dafvihi&:, thaty order) one
or nore inpurities., thereby to separate a bionolecul e of interest fromthe

one or ;fs%m QE*WG %a%‘?u m&@?ﬁl@gr%?& e 5&# RigohPGediflMe QNG QT MOre

i mpuritie ereln any orei gn or o ]ectlonable
mol ecU e |nlu}dn,__m, L, .cel t, OF. ¢ .o
. macr oot BT §l‘jé’hg§§’ i’;’géﬁ TR *%E“ “%‘i‘“j h’g b i W‘M 1Egﬁ)?wot ei ns,

endotOX|ns i pids and one or npre addltlves whi ch may be Present in a
sanpl e CHHHE &ﬁwi‘hi@" HORY BIABE Bt tgREFhTRPESE rERgEt ghe %% Yigh &8parated from
such a. forelgn O objectionable nolectile. In some enbodi nents . according
to the prigent! mm%emmn,af@fnép@%rmmmnimmwt«if@gsiaﬁ“emfém\xéds‘from a sanpl e
containing a. bionolecule of interest and one or nore inpurities using a
pol yrer . miMethiadémadeoidnngdkasietiiventkoblienabberdetreatiom of resi dua
anounts of a polynmer which WO 2011/ 156467PCT/ US2011/ 039595 nay be used for

the sepapati.0n 0k PR :OF ARG TRWIILERS: §HBMide. | ke B@'iiﬁtcéékt@né’ind nterest.
[ 0056. ]The term"pol ymer as used herein, refers to a nolecule -ffirnmed by

coval ent | nkage, af, £PO.01, ﬁw%}f@noﬂ%w&ugrﬁmihqgw%eqn% jni ts can be

synt heti c or occur mers d repea’tl ng units
can be || I’lE;Q.I‘ .Of ganchedhﬁg(fw ig qrers incl ude, but g not hmted
to, polyét VTR 108 SOOI h‘é“ 1{}6%‘1‘ POV E hy ‘é ;ﬁél‘“ ¥yl ami ne,
pol yvi nyl aI eohel pA ystyrene and copolyrners (a

pol ystyr élhfé‘l‘cévﬁdi"yn‘?k’i Hffﬁéwper»%&ﬁw Mﬁﬁ HEH éPﬁde#b%Wo isqBteHd L e,

pl uroni cs, PF68 etcL tn sonme enbodi nents according to the present

i nventi oﬁif}i} polynbrs ol pogprei.se a nol ytel ectrol yte backhone" Al so descri bed
herein are copol yners, which may be used in the nethods .according to the
present [{AM@Rtion, Wwheres iheschopakyfgisinant: sespolgiveidadaigti nulus. In
general, it is understood that in ease of polynmers, the nononeric units are

of the 5@%€n¢¥&?p;%@@ﬁ335$nﬁ GORALYIRE: WhbkorgualkhrhRvewdififarent types of
monomneric units,

shown where the olgmleotide-tag confngaied polymer s used for stmultaneons

clarification and purificatinn where the polymer bands both the biomolerale of interest

E

as well as one or mors hmpurities, where the iomclectlz of inferest is subseguenily

selectively eluisd, wheress the one or more impurities rammain boand {o the polyms,

HEEL Y Figure & is # graph depicting the analysis of various Sactions from

the workflow in Figare § for residual polyvoiey wsing readout from the eligomeleotide

tag fracer. As the fractions move through the purification progess, the curves begi to

4
i3



[ 0057) The term "stimulus responsive polyner," as used herein, is a.polyner
or copolynmer which exhibits a change in a physical indlor chem cal property
after thewedditisess7of a stinulus, A typical stinulus repponseoil®’mIthange

in the polyner's solubi Ilit, [00581In some enbodi nents, a stinulus
responsi ve p ner. s so\ bl e, un certq@ ; s QGESS & ndltlons
such as E%ﬁ“éhl\‘ébhbg Nk ??ﬁ%“%ﬁ €ﬁ6 F%fd?goh%dwﬁgxgén eredgghsoluble and

preci pitates out of solution upon a change in conditions (tenperature,.

salt conS&MI®E{Bh or pH),as a response to the change in one or nore
conditions,. For exanple, the polymer poly(N-isopropylacrylam de) is water
sol ubl e a@fﬁenperatur@%&ﬁétﬁﬂﬁaﬁéuﬁagﬁ ﬁ‘?ﬂf@uwhg BHREUINE0l ubl e, in water
at tenperatures of about 35 ")C. Snart polyners may be used for binding one
or nore ¥MR:20%kni5H64GRERUSZ0ILY 0396950 impuriititesay ¥metdhayuswmy be used
for binding a bionolecule of interest in a sanple containing the

bi onol ecyleuRhnbitig hes oA OMPLLNLOKE, bR Y Acokdi ngly, in sone
enmbodi ments, methods .according to the invention may be used for the

det ePt'Og Llastdualy ﬁ&@uﬂk OF o8 3R RQlL YR WL ER (0RY, fepBEN after the
bi ndi ng an d/'or neC|p|tat|o ﬁ IOﬁD1€CU le of Interest. with the smart
pol yne ) Jrent € , r.are
detectedpé?ﬁgﬁs%ﬁﬁ¥ 6%”8 ”*Hgﬁb|dﬁf g€%§9 o$ﬁ3%§§$§§iw$$bﬁgghe pol yrer,

In .c.sther enbodinents, residua | anmounts of a smart polyner are detected
after bi Adi¥ng and/ or precipitation of one or mor e inmpurities with the smart
pol ymer, [0059] The term'stinmulus" or "stinmuli,' as used |nterchangeably
herein, is¥gant tof rsﬁ%%ii@"Q?bﬁygﬂﬁaﬁhéﬁh@h%ﬁ$@a1“ch%ﬁé%i}n t he
environnent which results in a. response by a stinulus .

responsi w70t yerd, agteptigsiiontdi@ep peiseitinhnventivbm. reddooardi ngly, the
present invention provides nethods of detecting residual anpunts of

pol ymer s suhihGh + a4 808 SRONSEARAINION ud SRERRMHMSWREL Bultk:@sutlitdni Thea change in
t he solublllty of the pol ymer. Exanples of stirnuli to which polymers may

be 1 espongl ¥y &gclswm eht ofpo) \,Jaugw,@rn@;,@%,m{@;Iﬁ%&gvazgs@gmehanges in
tenperature Cond% y, changes in electric .and/or magnetic
field and/or es |n us conpri ses

addi t on“t‘ff‘“émégﬁp B ﬁ‘ap‘éﬁé"n“t““ﬁ?ﬁ"%%\bﬂ“e‘g‘s & ﬁg*féﬁa“’%*‘ B e In
various enbodi ments, a stinmulus is generally added after the addition of a
pol ynmer ﬁoﬂﬁ”§éﬁﬁﬁé“““%@®hough the stinmulus may al so be added during or
bel bre addition of a polyner to a sanple [ 00601l n a particul ar enbodi nment,
a stimulus is a salt. Brighiad Yespipidon oichgdaventlagt are not linited to,

mul tival ent ions such as, es. C|trate phosphate, sulfate and EDT A, and

I on- assogi@i on .saEESpsm@h}ﬁﬁﬂneﬁthﬁkamaﬁxﬁﬁﬁédmbmﬁqﬁﬁﬁﬁeﬁsodiun1sa|t,

. dodecyl benzene sulfate., F41.1)-41-chloro-2-nitrophenol. anion,
tetraphe“¥hn&~u_agnLT&An&&\&%pk\whmhﬁw§>krzrz%w%dfm:wp&anm;&

omolecuis of interest from ong or mare inporities. In some embodiments, such g
polvmer i “a stimulus responstve polyaier” or " smar polymer” In some
erbodiments, the smast pedvmer binds @ blomoleoude of tutorest. In other
snbodiments, the smart polymer binds one or more impunities, In stifl other
embodinients, the smart polymer hinds both a blomolepule of inferest ant one or more
fmpurities, where the blomoleculs of fmterost is subsequently shuted from the polymer

aud the one or more Impariiies remain bound o the polymer,



borate sodium salt and hexanitrodi nhcnol am ne (see. e.g., ANALYTICAL
SCl ENCES, DECEMBER 087, VOL. 3, p. 479). in general, one of ordinary skil
in the arwowouldedse famliar with nraterous salts whi chraraskeowsesvh t he
art and may be used as a stinmulus with the poirriers described herein.
[ 0061in ,ous enbodi nen escrl be Shd . S, .g, a
salt, dﬁ?nd to a s ﬁan &éng Fﬁfdg ﬂaﬂﬁﬁ Fﬂxgﬁng} Qy%ﬁérggﬁngﬁd one or
nore inmpurities follow n the %gdjt p ds one or both
of the bFNDY ECHP & 0F “i%ﬁeiest hﬁ?dﬁ“dﬁé“m?dﬁﬁi@“ﬁﬁﬁﬁ?ifﬁe%{‘The addi ti on
of a stinmulus, a salt, results in the precipitation of free .polyner as
uell as ﬁetﬂdgéhu%p%“and i u.sol ubl e conpl exes of the polynmer and one or
"both of the hionolecuie of interest and/or one and nore inpurities. |,
"The ano@nt ofcdiusiddits. which is required to induce precipitation of the
sol ubl e or. .insoluble co exes d ends on, f ch a g,, pH
pol ymer c%nééntratidﬁ Hhi {%bﬁtéh $§t dﬁ“b?‘@ ﬁﬁﬁééﬁ i‘g Vﬁterest or one
or nore inpurities which the polymer binds. For exanpl
pol yel eethupsieade sliskress” pivale y.*m%eﬁn&wﬁ%twm gy ﬂ@ﬁwww c¢h varies
with pH (level of am ne protonation), As the pHis increased, the |evol of
char ge densmtyﬁnsuﬂsdudedtsd>Uhexd@gmééﬁmfmstanWﬁsnPemhhnedwbo i nduce
precipitation will be different than the degree of stinmulus at a | ower pH
or higheg e:t@lﬂﬁﬁli‘,gﬁgtd@ B s Sdspd@ivd R0ORGAT et hBk @it B e Mtanrs
“enriching:’ "separating," "isolating" and "purifying" refers to the nethod

of using th e W?'%Kaﬁ ?stpﬁ{ ek @R &l REEy dR34RERIaaRL eeul @giksom a sanpl e
or a biol 0ogl cal mate cont al ni ng stream in various enbodi nent S,

gg;gﬁgggg%égggp BLEDGbRgl 3R enr i g(ua& AuBhOIRLEGHIRD! 1] Nt er est
cont ai ni ng t he bionol ecul.e of interes m)l ecu e qf nt er est may be
separ at ed¥FF SRCBHE S ”V@“fﬂi‘ﬁ‘i‘g%ﬁé E:?HJS?GTTP@%%%‘“ P npures either
by using a polynmer which binds theor nmore inpurities or by usi ng a pol yner
whi ch. birngsuher hiralme hidemay bF rrEress Apiedpe B¢ preEwhsd Rt s, a.

Xi | ymer binds both a biornolei.."ult of interest as well as one or nore

i mpuri ti esgoawhiéy @ thhieordbi erbheciuhde of niantséribethy B spbsequenpliopesel ecti vel y
On: Led fromthe polyner, whereas the one or nore inpurities renmain bound.

[ 00641As pugethReiRisN [n bier HEFMIHERS] iy aklRapURkidiog 1 hesidual amount s’
refers to an anount of pol yner used for purification of biological

mat eri al g, i YS:o[ 82 BORSLN G P QhYTB Pk RuPOLNEBY » Hsask: f or
fl occul atf%ﬁ¥ i dﬂ%ﬁs&a%unt “i{is equa) t% Oru ess} Et&hagn the arr:)unt which wi ||

SIS R o e T R S

cont ai ni A" | nds reC| | tat es‘one Or nore
i npuriti es or bi nds ang preci |tates the d oi ecul e of interest.
The resi GUAFHROBMHEIASHIRI KOS Of BIGERT é"ﬁ’ﬁhiﬂ‘r “81‘3 ‘*btﬁ‘i”&‘rﬁe’iﬁw*‘e‘“b, , a stimlus
responsive .polyner, which armunt is equal to or |ess than the anobunt which
will remad®sdi ssol ve madhorigl P SN ﬂaJisatﬁ@i» @iEr 8 BOSYPcal materi al
containing streamslier a stinmulus is applied, such that the pol yner binds
and pr ecirpkisat @8y é;rm?;gmemiapitattat;es}eamishi’ind&timﬁiegerwi“isrfé:r el nplirigies or a
desi red hi onol ecide of interest. 100651As Used herein, the term

' CoNPosi Lk QRTologiSAl itk @Bnic@lc SERAMVIEINRERERSIA, one ov mare host el

proteiss, endotosing, lipids and one or more additives which may be present in g
sample confabing a blomoelecnls of tatorest that is betng separated from sieh g
foreign or chisctionable molevule, In some cmbodiments according o the present
frivention, One oF more inypurites gre remeved fromw a sample containg »
Formedeonds of intevest and one or more inpurttizg using s polymer, Mg thods

according to the invention cuable detection of residual aowmants of a polymer whieh

Yk



to a biological material containing stream Typically the 'biological
material containing streamrefers to a mxture of a biunolecule of interest
or a desiweadomwriséssct to be purified along with one or mpce/uscaessysabl e
entities or inpurities, in some enbodi ments, the sanple conprises a Nom
lee ul e of .inter esta. ‘_:t“hgpaggygziﬂc Rrotei n.Qr..an an i bodKl . al.ong with one
or more FRPUIFITFEST (8 GPaandsr’ EET SS o ferHE s B B Ei'ds, cel |
culture additives, .cells and cellular debris). .Generally, the biol ogical
mat eri al "E®fitlai ni ng stream may be subjected to a purification scheme, as
depicted in Figure 1. In sone enbodi nents, the sanple conprises feedstock
or cell [@ture nedibatinmtyomiehenusdnsincubs tof Boieedestmed by desired
product is secreted, in some enbodi nents., a sanple fromwhich a
bi onol ecutedis inbadeerpus bf hed: meimgeranéso i hamreastiamhiscangsponsi ve
pol ymers described herein is"partially purified" prior to contacting the
sanpl e Weddingic AocBl:W R oke SPRNSI 48P &htiR Ny tRaFdbbainguik tichd ignrmy be
acconpl i shed, for exanple, by subjecting thé sanple to one or nore
purificatlon, stapse, s tﬁ ol fnds .00, Q% JAPLS 1AAN {;f ks Gly omat ogr aphy
st eps suéhgég Ji ?O?(Xéigfrp {%Zf@}b é%? E:itk‘g i%‘ﬁ%ﬁﬁgégggdi’é‘* %%?%DT gcul e may be
separated, fromone or nore undesirable entities or.inpurities either by
or bl pi ¢ SLEHG PERETBHE DR Rt 8D RBURr Eies O S eb AR he
bl onol ecul e of interest. [0066jIn some enbodi nents, a stimulus responsive
pol yner SelVESTIGEny ity HEY 6 & '%Bﬁ?;‘ﬁ-tzﬁii‘-fﬁagﬂ~i}%§3’§i*“%*ih§ﬁtn@§i?ﬁfﬁéw SF %%t er est under
a first set of conditions and precipitates the "bionolocul e of interest
under a setioddutisrnofteqonaiiborgsS & ig'in apon sphedingdiprpeondoR atstinulus to
the sanple., in other enbodi nents, a stinulus responsive. polyner
sel ecti velyehinesiitQ pohendk cifgsd npuricidbesiyurtderbaef st dsetiwaf condi ti ons
and precipitates the one or nore inpurities under a second set of
condi ti 0RSpsid He SONBWERROGHIB RS heBis&d b UR KRS I@@;@dﬁﬁg&p&béﬁ%&m{sﬂ ectively
bi nds and precipitates one or nore of host cell protelns, , Whol e cells,
cell ul ar 1*%1%%?{;:51’? ek 3 ?%@Q‘H&ECz%lcs];&)m%!{l&ééﬁenéﬁflkt Y ESwr HROR 1 he addition
of a stinulus, “I'm-stifl other enbodiments, a stimulus responsi ve pol ymer
binds both a biornol ecul e.of interest as well. as one or more inpurities
inder a FTHSEORCIDE Gotal 1 GRE oo WHEP 8t B BTSRDITSCUT'S 8F- 1 nter est 1 s
selectively elated fromthe pol ){rrer .under a second set of conditions,
wher eas tHSIEEhE SPUIBIOE WMBEH i iva s HERETH DBSHRUTPUBE T FHE ter m
"precipitate,” precipitating' or "precipitation," as used herein, refers to
the- al t &ion of dAhboumd sieugs reipanavepnpinex w wdsd oo kot pelyher of
interest or one or nore inpurities) or unbound pol yner from an aqueous
and/ or set ull-@n8hatidelt eclabinan:iagid Bougnandl a/dmsekibl goptiag &iciIBO(381The
term-tag" as used herein, refers to any nol ecul e which is capabl e of being
hound t 0,&:;R0h ¥MBLum@S: USETnRATEIRusaRGceaNisRendelentiRd:uehAgs sui tabl e
means. I n one enbodinment, a tag used in the detection nethods according to
the clai g%gngai@\yenti on is an oiigonucleotide nol ecule, which can be detected
usi ng anpli %l“‘c‘eiti on neans or non-anplification neans. |In another
enbodi ment . used in the.detection nethods. accor di n_gm‘t‘ot t he cl ai ned
TRt 3 B 3t

. Mentisd tag used in the detection nelhods ace
i nvent i of"i°8la hapt Sh 3T BETFETRS ] HEPEETERECROINERNT

a“radi oactive

nol ecul e, which is directly attached to the polynmer and can be readily

det ect ed Hu&§ g T8k ] IEOTRRHSHERP skiowrit il RE s P ERP P HBBE S8 cr i bed
herein. Further, in certain enbodinents, instead of a hapteri nolecule (e,
bi oti n), aad padibaat hwduiolked peeiygriva ofd tiorbsvenpomd khoyk et bekhgost t ached to
a polyner, they are attached to the oligonucl eotide nolecule, which in turn
i s attachedytautrbespoby@tasidnafunt her sepbadinent se chahaphencrol ecul e, a
fluorescent nol ecule or a radioactive nolecule are attached to a probe

whi ch hyg&!pl%ﬁ@;&& e 94&1899‘4&4 2t denoheculenaliached 19 vasgol ymer, and
can be subsequent y detected, 10069As used hereih, the term

"ol ntonu g:lss Ezeigltal gg az;t&gm?%’g bdgl*«l &85'&“31 %0 %lgﬁx gane ansehible W owater &

temperatures of about 33 "C. Smart polymers may be used for binding coe or more



nol ecule,” refers to a nucleic acid nolecule which is capable of binding to
a. polymer and is used for the detection of that polyner. In a particular
enbodi mrenwp 20hie1sede7gonucl eoti de tag used in the net hodspatasediingsos o t he
present invention conprises t he sequence set forth in. SEQ lin NO 1. It
is desirabl e .that the sequ ce qf the olieonucl \tde ta ol ecul e used
in the metROYEssF FHa by e‘se‘ it ‘i“%\}mﬁ? : 6%‘“&8‘8 &4 & A% t“ﬁ%ﬁ’\/ﬁg Qi {bpear in the
vari ous conponents of the blologlcal mat eri al contalnlng stream One of

or di nar y SREPRTSIN R Rogiteug # et endriey abre VPR f’v%ﬂ%“b‘h €sence or the
absence of the sequence of the oligonuel eotide tag, e.g., using
conput at senakmpedigients, BeASTs agaidisg ths trveelidn DNAS sdeht &) doteciexpedment al
nmet hods (e.g., hybridization techniques) well known in the art. In sone
enbodi mest sxidibevasseciiat dinont petweeahi-hevpabyhinedizand Whdwokidenuel eot i de
nol ecul e conprises coval ent attachnent In sone enbodi nents, the

ol i gonuckeotd;de,ml 86 wEnd Sl eel WWsing: &aﬂinﬂ‘{‘rslﬂgllvticﬁtﬂisﬁﬁ reaction. In
ot her enbodi'nents., the ohgonucleotlde nol ecul e i 5 detected using a

non- a”P"{;m%u&P t%gﬁ«% g&‘la;m iy o ST @Q&@é‘;z‘@%&m llRnQs foO”UC' eotide
nokcule i's 1t % det’ectabl’'e noiefy such as, for exanple', a
hapt en | ec (1.bjoti | uor e cent no a radi oactive
WD|eCU|nR“ﬁU#f%éTOhﬁ§ﬁﬁfg¥ f?Bﬁ‘ﬁéf 88§“ﬁ§$Lﬁ§3%“8 ““mﬁdbf%ﬁ%“‘nay be used
ibr the detection of the :oligonueleotide Ml ecule. In sone enbodUnents, a
probe i s PRBaREdn wiet%emién b ‘éi:%ﬂ‘*e” BEFPHGPR SE RNt OSPEcul e or . a

radi oactive nol ecul e, 90701As used 'herein, the term"prinmer" refers to a
singIe-s&namﬁeﬁ%ﬁﬁcﬁeﬁmaﬁyaBMﬁﬁnolecule that is capabl e of hybridizing to
an ol iopnucteank.te nolecule or its reverse conplenent and can participate
in an anphiFiicati onTheastd Bimbdsy or “pehiTeLased GhakRureadt hom)s, :under
appropriate conditions.. In some enbodi ments, an oligonucleotide nolecule

i s det ecl,ed,ugi-BQy & §§M% | & RS kbR RS WG @ wSARARL 80 o
hybridizing to an el |gon1cleot|de nmol eCul e and can be used for the.

detect i op, gf, 11 nglziﬂgszﬁwggefw IRl Lgmgameg,arg@u@at Qlehhe

ollgonue[e ecu ect he anmount of residual
pol ymer present in a a e 071 d herein,. t 21 m obe" refers
o ae! O etk Ra RaOT S e HOvar e e et SRS BYePRRREr 1 6F 2t ng
to an oligo.nucleotide nolecul e ag, " under strlngent hybri di zati on

condi t | ONSIYIERS SBIvE SEmSEHINTRHTE SPRE P Rl T ABEIEE BiBbe, in that it
has a detectable signal attached to it. In some enbodi nents, the detectable
si gnal i selabliapef the golpineralisyeplet ni' g SowEi enbiodi peRsTs mEhes apERtcof t he
probe detected is indicative of the anbunt of residual polymer present in a
sanmpl e, Eiud0sR03d AS640:ARET HS200LE0396Aber300® e&.ﬁﬁﬁdiimﬁs.smﬁil‘ﬂ*e probe

i ncl udes a bapten nolecule, a radioactive nel eente or .fluoreseent

mol ecul eciﬂﬂhl&.@hwﬁ 8ahnbe.deteched: d:0042kA%nMerd ;Eh;%‘ie&*{‘mwﬁhe term '“capable
of I ridizng" neans that

embodiments, a stinulus comprises addition of & complexing ageot or & complex

forming salt to & sample. In varioas embodiments, a stimalos is geperally added after

the adidition of 8 polymer to ¢ sample, Although, the stimulus may also be added

during or befors addition of 8 polymer to 8 sample.

REHEN I & particular crabodiment, & stindus 18 2 salt. Exemplary salts

iohude, Tt are not Himited to, multivalent tons such ay, 2.g., citvate, phosphate,

sulfste and BDTA, and ton-sssociation salts such s perchlorate, dodeoy sullnte

sodiwn sall, dodeoy! benzene sulfite, Fe(lli-4-ohiom-2-nitrophenot anion, tetraphenyl

i3



Wat son- Cri ck-type hydrogen bonds can be forned between anti-parall el

nucl eic acid strands that favor a dupkx state fir the nucleic acid strands
under gi we0 200mdb467ons, e.g., stringent hybridizati on cenaiuse@n&3§s0973] As
used herein, the tern1detecting the tagrefers to a method that allows
measur engnt and. Qtit tion of F ?ﬁ% as_ used hxt nW\ S sone enbodi ment s,
wher e t h&®t ﬁg“ﬁgiéﬁREF BReF o AoFEdite s Saét'e |0h brpri ses use of an
ampliiii.ation reaction ( | | ' rase chain reactlon) | D

ot her enBbdiehbsDih éﬁf$%%ifég‘ﬁéiahpoﬁfgeﬁdéﬁéﬁﬁ - 46¢ Forebireskiyét ect i on
conprises use of a non-anplification reaction (eusing a | abel ed probe or
use of atidetectdbibe fmpilet wisuchas salihalte prokoloesuh éhe at flduorescent

nol ecul e or a radioactive nol ecul e attached to the oligonucleotide nolecule
or to thes@rebelmbg stk pthers enbatdideatis, a tag is attached to a

pol ymer instead of an cligonticleotide, which can subsequently be detect ed.

Accor d nﬁb{%} a det eg% b & LB i ndn G MR 1AL NOhdildBobed 13 €. 9., a
hapt el | l'ecul e, a fluorescent nolecule or a radloactlve nol ecul e nay he

at | ached {10 2y KIPLyp LO0TALAS, G0, MBLEI e 118 LRN Ty BIRLS | cat on

reaction ers nmber o nDIecuIes are
increased to. a gr ater er of nDIecuI n so 0 nt

anpl i ficdt F‘é’ﬁ“\%ﬂg“ﬁ > ‘é‘ﬁfﬁ%ﬁf *ib{?i%;ﬁé}‘g‘é}é” ﬁﬁi}h HERET ‘dﬁq:% 6’3&‘; used herei n,
the term"rea-va set of atons in a nolecule that react referentlally with
anot her holneseiue Y\igieret oikoy qperh @ parndes. Br *tdﬁé&%ﬁéém"@ H§nd8r a given
set of conditions. WD 2011/156467PCT/US2011/ 039595 [0076] As used herein

t he ter me'sslecendiakyitstprudtitation of ranpakingomst well ot ecblcendephds: used
herein, refers to a three-dinmensional formcreated by basepairinR

hi t er act L@Rgiewkd ftiike AxighRgkel Acleht: @uhdbwaleeulet iGenerakiy onkn case of
nucl eic acid nnlecules the secondary structure is created by the hydrogen

bondi ng het ween thenitrogenous bases, :In various enbodinents according to
the present |nveﬁ tron, it is desirabl e that an ol i gonucl eoti de nol ecul e

used in tb%gnethodsggggg%g%n ggﬁgggﬁﬁé?§%giécngggg‘%hukﬁﬁkgfgfgf secondary

structur &, “Secondar & ¢an be easily

predi cted u5|ng one . or nore software gools ‘I kno one of ordinary
OKE 11 1 1 oplHBlea Al & HOSH HS e B0 RETES AN Er P BT ¥ VBhessc friful 0 a

i ronol eeut eof suteres UtI|IZInty koIV|nter
coricoriration and conceniration of Momaodeculs of interes! or OnO oF MIOIY wmm Hea

which the polyvmer binds, For exsuple, some polyelecirolyvies such as polyailylamine
Bave a charge density which varies with pH {Jevel of muine protonation). AsthepH
ix increased, the level of charge deusity is rodused so the degree of stinmdus requiived
{is indoee precipitation will be different than the degree of stimudus ot a fower pH or
higher charge density stalg,
HEN As nsed herein, the torms “easiching,” “soparating,” “isolating” and
“purifyving” refers {o the method of usi;z ¢ i polymer to punify one or puwe desived
Womoleoules frons a sample or & bialogical material containing stream, I various
erabodinets, eariching, separating, isolating or purifying & bomoleoule of mnterest
sncornpasses removal of one o more mpuritiss present i g sample contaning the

blomolerule of interest, A biomolecule of infevest may be separated from ong oy

1%



[007711n general,. a bic,-Inolecule of interest such as, for exanple, a
protein (e,g.., a reconbinant protein or an antibody), nmay be purified

. usi ng a wethodisedsrch enpl oys expression of the . protei rCrrusacihosdsozel |
(e.g., by "using a host cell which includes a nucleic acid nol ecul e which
encodes the protein).followed by thQ\;Uﬂh&i%@RKP”KQf,thxﬁﬁolﬁiﬁ. [0078]In
some i nstHAEEEMEG e GEAF TR HBSt PREPT WP R &MY B ST PR BB EACt or i n
order to express the protein at desirable | evels., Exenplary host cell hues
i ncl ude CHISHEEE IR ey el ity PoboP Pt iis of el o HasoPNSEY P SEREES: @ bact eri al
cells such as 17:, coil and insect cells, Once. a .protein is expressed at
t he desi pelynisehelds botthebipreteeive of syivreriow e ifmem: bhewrhiosturides. [wignd
harvest ed. Suspended particul ates. such as cells, cell fragnents, |ipids
and ot herhd Waghihlie ovhltes iandusbyphgakdiycthenuee fioont:t belymer,
protein-containing .fluid by filtration or centrifugation, resulting in a

clarifiedfoluh theGORLALNPEnENRRLOLEE ol i Nterest in solution as well as
other soluble inpurities. 110" 791Ti'e second step typically involves the

puri-ficatiqn of the haryested.pr¢ p&n§3.ynlw e Qhne. Hg(?{w'@murities
whi ch ar é&l&i}n‘ﬂer ent t%‘ c?h?’f’i%g%?%ég%&“ Exigrgr%ﬁ?gstgg&ﬁs Gc h%%tﬁ?‘?% ?E%‘ i ncl ude,
e.g., host cell proteins (W, V\h#Ch \a.é,@ \\;p_rol%,ei ns .9 her than the desired or
t ar get ed "PFGLR R FIOHRGE BETHE BSE PUBTONTRET W PRIRE! VRGS5 6€eitn
aggregates. This purification process tggi cally invol ves several

Chr onat ogREphY 'SPEpgYe WHFEH Pt Reruset A Roscition SRudEREHYE hydr ophobi ¢
interaction, etc. on solid matrices such as porous .agarose, polyneric or
gl ass. Arsyieenpt mryithpu tisfduosat wbich prid cossinidsssdopl etk disperEiigure 2. .

[ 00801Cx her alternative nethods for purify g proteins have been

i nvest i gataghcion sheaeftaeass: cQRenEUCH-LIBIke thel povaharessd.antil occul ati on
techni que (see,. e.g." W?2008/091740), In this technique, a soluble

pol yei celf. ol ylesiss. added: itrz%tﬁ@%ti%b & igi;xéi.&?;%ai%;‘e&ﬁ%{bﬁ{ b hedogeldnauhliyure broth
o)

to capture the inpurities thereby to forrn I1occulant, which is allowed to

settle and, can.bg,subsequent |y remyed fromdtbe aratein, soluki.on.
1..00g1. %T iri&%é“-‘pg%d?‘“ﬁ%gbg’; Qﬁ}a%{ei%fg r;(%u"b‘l i é%?si@o}h&nﬁgg‘i‘gﬁg‘éoﬁ’ﬁ‘Gglld%ignggyéor por at ed

by reference herein in its entiret a pol r, .Sol ubl e under.certain
condi t | oFEPEE VeRRIGREr BRI N G ERET {50 DEh &R TURIY BTG e or nor e
inmpurities while in its soluble state and i s then precipitated out upon a
change i FregRdiEP B ptpiofsag e aturRle PO eV I tREYYAS ST nore
inmpurities with it. The bionol ecule of interest can be |unber subjected to
tradi ti onatene hitonetogriaphyyorcdmerbranehapsenbebisdand wrhapidikesr

precipitates and binds ons or more impurities or @ Josived biomolecule of wterest,

8

{0631 As used hereln, the term “composition”, Ssolution™ or “sample” refers
o a hiplogical material contaming stream, Typioatly the binlogical matenal
contatning stream refers © @ nixtuwre of 8 Momolecule of interest or & desired produs
1o he purified along with one or more undesirable sntitfes o impurities, In some
erhodiments, the sarple comprises a blomedecute of wterest (o8, 8 therapeutic
protein or an antibody) along with one ev more imparities {(e.g., bost oell protenns,
DNA, RNA, Hpids, cell cudinre additves, calls and celinlar debrin). Generally, the

hiodogics! musterial containing streany may be subizoted to 8 purifivgtion schene, s

depioted i Figawe 1. In some embodiments, the sample comprises {zedstonk or osll



[00821FIG | depicts a schematic of a non-limting purification process as
applied to a pH dependent polymer such as poly(4-vinylpyridine), hcb is
capabl e ovobbndissg7one or more inpurities, in the first Peras20110bes9s Xt ure
is conditioned to the correct paraneter(s) to mai nt ai n the polyrrer of
choice in gol ution. e{ nat tively Irjdl ti ons, of . trl {mi hure are
al ready SHEHOERRES ’f"ﬁe“ pol yirfé“{%i)r” B‘et?b‘n’ﬁ“§ Y)W‘B e PERR {’i"t‘ﬁ?‘ & Hb Rat her
condi tioning may be required. Al so, the pol rrer(s may be added as a solid
to an uncomdRTIENEEN R X AR Al FREH e %ww?m‘e éwm*éf»»hi%% fHesol i d
poer(s)) may be conditioned to the correct paraneters to dissolve the

nol ymer ( s)ost miithhiss msgdusie, pdiymth degebohthvatep ! perhebpolyndr 28 % i s added to
the m xture and caused to go into solution in order to contact the various

consti t uepkscialy hibeum e sikdulisSreg@niat pphatedPal pdiiRasecond. step may
occur in .a bioreaetor,if .se bi oreuetor Is a disposable itemor in a

separ at e yhQl- Al Agihanks: A3HeS bl ehiedie & Il’&':“i 81 &R or iR PiXGilEi@scondi tions
are Chang\gdﬁ tgﬁge& ‘i&};ﬁe Sg ymarl(s) lto preC| pi ta{te 3§&Jt g]f} soliut}l on while

retaini ng,one or . mre entities of &t e Lidok wuch) xture and the
preci pi tg&“gé‘ ot §t hér (}g t’aﬁn‘”then‘i s‘g%‘é?&ai&g& §N§t\ ‘”tf’l‘dcf}hgr{%n the fourth

step. The preci ‘lt'q't nd L §mal Nl ure e be separated by centri
t hgat i on SBFUPRY $504E ‘ﬁ% )%?i‘gﬁ‘gk‘d&r‘e‘ ’éh%a‘ %?‘Wéh’r‘gp‘” e *, ﬁé’é‘t | culture

fluid is clarified, the b| orml ecule of interest may be sajected to one or
mor e knovwdesdalieitoals ProBERECSST SpET SHERPERF B egw%zﬁﬁyhgt‘@ﬁe“ el udi ng, b.

t not limted to, ion exchange, hydrophobic interaction or affinity

per f or mbeertsdngent ital hidholwefie kst matregn (I r I PTFF) with or without charged UE
. menbranes, viral renoval/inactivation steps, final .filtration steps and

the Iike. eJ;sQQ84] One jundestmpstiouh Qonan@ata,uuaasgagzspelmm&m skRetddy put i fication

of a .bi om)l eculle of interest froma biological containing streamis the

pOsSi bi | it B3R 41 @?Jz'nQ&%iﬁ@Hﬂ:’iw@im&‘? L YR ondi@FR #hd N the stream
| f destred one may conduct one or nore additional steps to ensure that all

poi nmer n.Len L. DY . ;{he ure to a
step conf ﬁg é“nia Ze‘g\é} Efttohmt‘i"‘i\fm i’i‘}d }}J(M efbg?ﬁqﬂegc%( JJ]Q u{;@“x&from t he
m xture such as .ion e?<chan ge resin ?ctlv ted c\\arbonﬂ al um .

di at pal aG8-697 8hr EH7EHE t We FTRE, b TRbVBRIRETS HESHHO IR ha e

senst WO 2011/ 156467PCT/ US2011/ 039595 assay to quantify- residual polyner
anount s arnir geketehehiafs oome e ook TRHEilSE Bpd de8BrFbeidoaphves M r enovi ng
any residual polymer. The nmethods according to the present invention
provi de ipapipwed tanchcsensit ivpudssaysat osedetbst chndkluams. fegigual anount s
of polynmers.

envhodiments, ¢ stinmlus responsive polymer selectively binds and precipitates ong of

move of host ool proteing, DNA, whole colls, cellular debeis, viruses and/or cell

culiure additivas, upon the addition of 2 stimules. T still other smbediments,

stimalas respousive polymer Wuds both 8 bivenedecnle of tnferest as well as one oy

rmove imparities onder ¢ frst got of conditions and where the omodecals of interest is

seloctivaly chuted fromm the polymuer ander & second set of conditions, whereas the one
oF e mmparities remain hound

{00671 The tevm “precipitate,” mrocipilating”™ or “precipitalion,” as used

harain, refors w the aberation of a hownd (e g, In s complex with a Womeloraie of



[ 0085] Wt hout wi shing to be bound by theory, ii is understood that the

detecti on nethods according to the clainmed invention nmay be used in

conj unct iwo itttse4ny purification process whi ch enpl oyspraTastyimesshs u'
precipitating one or both of a bionDIecuIe of interest and/or one or nore
inpurities where a detectable gonucleoflde .0r non-oligonuclotlde tag, as

descrled“ﬁéféﬁh“bhﬁi%@“>‘ ?&ﬁéﬁ‘%

RoEe

Nhe T R EUEHRT i ers for use

in met hod rifvino .bio o intert, st [0086]PC1yners i ncludi ng those

descri bedip h? Bt PR RPHE EAE FeRN
20090232737 and 20110020327, as wel |

08576,

her ei n,

chosen fLamu NG g50WPoGORLBLRLRG, Phis LitSpakt ¢

S8iate20080255027, 2009(. 036651,
737 @ ( 7, as U.S. Patent Application No. 13R
eHBESDf  whi cAlareni hedrpoeat lsdetbyrelrebengmededule whabiis entirety

may be used in nethods described herein, [0087] Exenplary pol yners
i ncl ude, sHtableari@cnQthokidid eehli@wr, 3 Vasdkidaprpyddcny bagisde)d ndgar ose,
pol yet hyl ene oxi de. hydroxyal kyl cellul ose, cationic polyelectrol;,, |efi

dext nan.

etRottd b BRb YLk BN, rycopol ymer s

of V|ny|pyr|d|ne primary am ne contalnlng polyners secondary “ami ne

contai ni Bz%l 5;? HHRLR Thiio 1idi {': .:z:na\E ngm 46 Q0L LA DG ROl yAE Cbés‘i’ @04 @ni oni c

potrAectro e. Ss oup con’ |a|nng ol ylners of acrylic
acid and(qe;_(‘ rn EIUCF | at e apd CCF01 yrn pL ne&h“acr J. e,acid and
met hy! nBERACT ARt BOBRIEHR §r iRBF ‘“bolfyﬁ‘f’cs\'E 'Y %&“ 8. “‘g*““*‘bol y

"-vinyl

c,', prolactarn) Pol :t?(N-acry. oylplperldlne

acryl am de) pol y(N- 50pr opyl acryl am 4e) , per(N‘N—dlethylacry)anlde)

fluorescent madecnds or a radivactive ‘msiuuh which s divectly attached to the
polynter and can be readity detected asing suitable means well known i the art and

those desorited horetn, Further, {n cortam embadiments, wstead of & haplen moleaide

{e.., bictin), a radioactive molegule or a fuoreseent molecule being attached to
polymer, they are attached 0 the oligonacieotide moleoule, wideh in tw s attached

to the polvimer, In further embodinments, & hapten molepule, a Taorescent moleculs ov
a radivactive moleoude are attached fo & probe which hybvidizes to an oligonuckeotide
molecule attached (9 2 polymer, and can be subsoguently deteeted,

[O06H] As used hevein, the teom Coligonuclentide tag” or “oligomuwieotide
molecule,” refors i a nuclere acid modocule which s capabls of binding 10 a poivaer
aad s yased for the detection of that polymer. Ina partivular cobodiment, the
oligemucieotide tag used iy the methods secording o the present invention enmprises
the seguence set forth in SE{Y I KNG T is destrable that the sognonce of the
oligonucloatide tag oy molecule used in the mathods of the present invention does vt

stherwise appear in the various componeats of the blological matenial contalniug

ream. Qne of eedingey skill du the art will be readily able o vorify the prosence or
ihe ahssnce of the seguence of the olizgonucleotide tag, o 8., using compuistional {e.g.,

19
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pol y(N-acryl oyl - N, al kyl pi perazi ne), hydroxyal kyl eel | ul ose, copol yners of
acrylic acid and nedi ae: Tyne acid, polyners and copol yners of 2 or

4- - i nylworodinsessand chitosan may be used in the nethoasTdsganiobesds her ei n,
either with or without a figand or a functional group attached to the

pol ymer, g der tQ §e|e§} Lvely and reversibly. bind to bio ?cu e of

i nt er est Flob OHesE BRH e %u’r‘t‘t"@g oF ‘t‘ﬁf‘é‘r"étﬁ){“tﬁ‘ &} at‘a*‘t e“t\h‘é Bt*Orel ecul e
of interest from (3TI Qor nore inpurities in a sanp a b| ol ogi cal
mat eri al SEORKEFHIRY OPSam b SO TPRe AT AR RGN, & eﬁbéanﬁg*ht“ e ol yer
used in the nethods according to the clained invention is a polyvinylam ne
pol ymer . phiyranethdr cdigbodilmewt modomps! yrprisosad siont dthehmetihddsswecording to
the clained invention is a polyallylam ne polyner. In yet another

enbodi NeRtnbodinRely MRIaigset dondt hexiretdiodsicaed asdi ng skplitihawel ai med
invention is a poivallylamne polynmer nodified with a hydrophobi c group,

e.g.", a%a@ﬁ%r&l@%"tﬁ M@nmﬁ@&@lﬁ;aﬁﬁ@l Laall n.00: ;xlb%&\l&%@@@m afidcdhed on May

16, 2011 e entire content of is incorporated by reférence herein
inits en EXQE}(\EOFE ELALJ('O)Q 8 Q’t f%:’:xgg\c\ tlgi%q { ghkgglt zgmf\ t‘gi«utas ‘‘‘‘‘ p0| ymer
descrlbeé onu0|eo Ie cure nay he enp oyed ‘Alibrary

of potengla @ch‘ guel t|de ol cule seq nceﬁ 40 nucleotldes in length,,
havi ng a‘hé FPV“Eﬁ ?a@' s%“ﬁt%??fbu PHR PPN 98 1.1 1) and
devoid of 4 or nDre contlguous C or 0 bases may_be generated in sthco
e.g.., uSing) ol worrasmeproarahicdmse g ‘ﬁ@t&éﬁm BRUET GowdEREst | de

sequel ICr.is identified, it. is desirable that the sequence does not appear
in the bietleghkealignag.er pafeconry b ricddgor &t deanidkoeiohdishghyslcohds presence or
t he absence of the sequence can be verified using conputational (e.r.. by
running BlASE: Seasehestagringt aphecgenosnl eisegueneansbahiast cel | DNA)
and/or experimental by hybridization against the biol ogical materi al

cont ai ni pg, sk aamt&%hmqqeémx<\At<@tn1e45 _ASaggj ag, a polymer with an
ol i gonucl eot i1 de noiccul e

{607 As ased horeiy, the term Sprimer” refies to a singlo-stranded nuclere

acid moleonls that is capable of hylwidizing to an chigonuciootide molzeule or is

reverse corplernent and cay particapate in an amphilcation regetion {e.g., polymerasse
chain resction} ander appropriste conditfons. T some embodiments, an

detected asing 8 set of 57 and 37 primes which are capable

")k

ohigomcieotide molepule ia
of hybridizing to an ohigomucieotide molscule and can be used for the deteotion of the
oligonncieotide molecale. The amount of the oligenpcleatide molerule detected 18
tndicative of the amount of residual pobymer prosent 1w sample,
TN As used hereln, the term “probe” refers to a single-stramded nucleic
goid molecule which is capable of hvbridizing o an oligonuclkeatide moleenie e g,
wider stringent hybridization conditions. 1 sonw ombodimonds, the probe is g labeled
probe, in that it has a detestable signal sttached (o1t In some embodiments, the

deteotabie signal is a label, e.g, s dye. Insome gmbodiments, the amount of the

probe detected s indicative of the amownt of residaal pobymer prosent in g sample. In
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[009 I]Aigonuel eotides may be synthesized with internal or term na
reacti ve groups such as hal ogen, epoxy, hydroxyl, am no, carbox:* acid or
sul f hydr yWo 2ohiiisbdcar e subsequently attached to a pol ynePCTRIS241h®B9595
oliv,onucleotides with internal or terninal reactive groups may be further

on e LRI AN B R

er'gt onyi
ear bodi i mj de EDC., yci yg éga%nl C uI fonyl chl ori des, azi actones,
cyanuriet SHTarEg ! %ﬁﬂ ‘i *r‘rf" rder to facilitate attachnent to a
polymer. See, e,g,, immbilized affinity |igand techniques. Hermanson,

Vel lia abié’Sfi th 1992 .used hoomhe sn frapdte - bpoth ientgsans gt

ol i gonucl eotides containing a. $ -tenninal amo group, iodoacetam de
act i vat edvmidih ficld- Ypariydmykd hindsdaz ok éormayt Heevas ediiperadittacheiaatdr mi nal

i odine group that subsequently reacts with pyridine in nolyvinylpyridine
resul ti ngihiGRMakent @blachrent iRfadhe il genuehattixdentondiienpol ymer.
Epi chl orohydrin may al so he used to attach a. term nal glycidyl group to

ol i genucl got, He& CORMLRENLRY cRydakerm n. al amino group that subsequently
reacts w th pyridine in po1 yVvi nyI pyridine resulting in coval ent attachment

of the ol p,mucl eolide to. the torah fle e descri bed
herein af gnet meant “t5* (gékrﬁ‘ I’T&FI%& |‘ﬁ“t“gﬁ§7§l\/\/§§} \ﬁbh\;ﬂ %3%&( ain a
olvrner with a no ol o.nthotkfr nokeuJ 0091]i Sorre errbo nts ol yners
are taggelows FragTHgpt and ‘i‘i‘é"‘“"ﬁé}ﬁt‘%ﬁiw E‘:Eﬁjln*é“*“i &‘1‘"‘“"&3“ ”?éiﬁﬁb%‘lgrrent s, the
nol ecul es have a termnal or illtelai. reactive groups that can react

. di rect | whard e thes pobjrches i F%‘rf@xiﬁanﬁitéwaii \@AmPEdNjyat #on, In one
errbodl ment, the termnal or internal group of the Inoleculo maybe activated
by known aﬁfgﬂﬁeism}mhﬁme&t{ﬁg.,} methagsiyeergt. chiianaativon. inefhal. -
hydr oxysucci ni m dyl ester (NIS-ester), acid .fluoride, tetrafluorophenyl

ester (TLIe3hlonOkhaNBe @alieks YR lbale kblk BRCHGedtioh hotipEs@nisaos of
pyridine function of the polymer with the formation of an acid anide (see,.

e.qg., )”T1K‘?;b>£;'4ﬂﬁ%% afdd | mu}@nwg’anxq; zE %@Kk’;’éz& Sdbe uil_@ NROSORMfh@.and Smth

1992. he co g, react ormed 1n organlc solutlons such
as net hanol i ot hyl fc 3 Uk b DVBO) or
bl cous g th B e wﬁﬂf&e s %O;’hﬁ“ﬁ TR s R ARAR ™) e

coupling reaction ma he perfornmed at. room tenperature (qbout 20T to about
60 [ 0. 0941 Hieasrassiz ‘ﬁiﬁﬁlgmﬁ?‘é‘%@nt‘ Pl %‘s‘”ﬁ/{ﬁﬁdfﬁ “Ey-Bettis 8PS tags in
t he met hods descri bed herein include, but are not limted to,

4- acet amiatiosheti o i sotvhicooyEmaREst #1 penelond:, THEH! Foniescasind bicri di ne and
derivatives: acridine, acridine isothiocyanate,;

5-. (2" anlgaget:ly [9ehinonaphidhakeneaibky. isddldionl o act dnEDANS ). Mdien

ani no- N-1 3-vi nyi sul fonyl') pbenyi | nupht hal i mi de- 3,5 di sul f bnat e;

NA4- aol | inaddas Ranhthydsy: neligin dey rsanthiranhhamiidenyBOi)aded W I, al exa;
fluoresci ; conugate.d rrw ti dyes Brilliant Yellow eoumarin and
derivative 885G onmarin, ":7-am no- 4 met hyl eournarin (AMC, Coumarin 120),
7-am no- ﬁ?ﬁrl f1 uor onet hyI couluarin (Cournaran 151); cyani ne dyes; cyanosi ne;
46- dlamn; 0- 2- phenyl i ndol e (.DAF .

5' 5" - di brom® glyr oual‘l%f“ g‘r‘f*BhgbhtWal R o NI () ‘Red) ;
7-dietitylam no-3- (4V-isothioeyanatophenyl). -4, -net hyI coum ari n;

di et hyl enetibsdadeayex imﬁp&gb@gi@g gt«a:kgﬁépi moleculéy are moreased 1o 8 greates

di i sot hi oryanat odi hvdr o-sti | bene-2X-di sul f. oni ¢ aci d;

4, , V- d||smhﬁxocyankaﬂostnwbemezﬁvﬁuh®m$aﬁ@mﬁﬁen@edeph segrkersi an nufr 1 hJ
m chl ori de (DNS,

palvmerase chain reaction,
(D075 As usod heretn, the torm “reactive grouy” refers 1o a setof stoms n g
molerule that rogct proferentislly with another mnlovule over slons w the remamder

of the molecude under 8 green st of condiions.



dansyl cbl ori de); 4-di net hyl am nophenytazonli enyl - 4-i sot hi ocyanat e
(D.ABITC); ulsin and .derivatives; eosin, eosin isothiocyanate,

.er.,, thrweizniiznscdeder i vati ves; erythrosin . B, erytbrosi RCTiUsot1hiosEsyanat e;
ethidinin; fluorescein and derivatives; 5- car bovyfl uorescein (F,A/IN), 5
(4 6- dICh| orotriazin. - ) am nofluoresceln TAR,

2", 7" - di Heétoxy- 4' 5 K‘d‘?%ﬁ%‘ﬁ?*é %‘Cé?i”i‘bdkwi‘l‘ti‘"ér‘g b‘e‘f‘n o GOREREETHY | | umescei n
i s. ot hi ocyanat e" QT C. (XRITC); -fluorescam ne; |R144; |R1446; Ml achite
G een i sotfiicibeyanut! hercig rafersty Ummwﬁéméh@@mh@iw*é‘«s‘bbﬁmifﬁé; ein;
nitrotyrosine; pararosariiline; Phenol Red; Blibyeocrythrin,;

0- pht hal ¢iiaisdehydeihipy rienk ranthicend wvatdouies iizaiame,ﬁg,, n prysmtfe;ﬁén.sbi;ttawzat e,

sucei nim dyl .1-pyrene; butyrate quantum dots; Reactive Red 4 (G bacrotrm

Bri | | i antsRedid 5o wﬁ@@@%ﬂeu@.ﬂ@aﬂﬁﬁﬂ%&k&wm‘ ro@arboRalheey-Xanitodani ne
(ROX), 6cat boxhodam ne (R 6(3), |issai.nine rhodam nc B sul fonyi chloride

rhodam n?gafa@@?&%‘m;\ho sj& s BmiNRGM egl‘%alf:]‘i%?“ tath ng@ rnemx*‘ﬁ*&pghkocyanat e,
sul | br bodam™ne sul am ne 101 . or| de derivative of

sul f or hodam Texa [\ al ne - oxyt hodam ne
IAN R AT et “?ﬁgﬁ’é*m*ﬁé“ ol PGS S e boyanat
(TRIITC).; riboflavin; rosolic aC| d; terbium heI ate derivatives; Aflo
dyes, CyBiesgsiymrengys isgioe €Cy’?‘f‘3“3 REY STOORTY RSSO Y MECIYRI A% BEHRE 3p¥di al o
cyanine and naphtbal o eyanine. Additionally, opkatly detect abl e noi eti es
may al soubdeasbedn tasathgyedintt hetngerh otgoss sofiterd WeEntHomo 0098 Exanpl es
of radioactive nol ecules that may be used as tags are isotope containing
mol ecul esf prdisel ddiingiHoukt asieh@oatdekirivot @cbetro, Ca, NCr, and S. [ 0096Exanpl es
of hapteh nol ecul es that may be used as tags include DNP- X, SE,

6- (2, 4-di ni trophenyl ) am nohexanoi ¢ acid, suoeinindyl ester (INVITR OGEN),
DSB- X.rm biotin Csa- | odoacet am dc gdestl nob| ot| n- X C2-1i odoacet at di de)

(1 NVI TROEEN) , Eamthobes)ppigson ifyinandienoisonse o Ryt GHBE & ( THERMO

SCI ENTI FI C) , @@M riovin ut ass 'dated tz [ 0097] Fol | owi ng the taggi ng of
a poI ymer with a tag, it is desirable to .renobve any unassociated tag frQOV
the : sanphe;7iFor exanphes xu&hmwa;a@gmm@m usioby) tinonargan slpeotpr i fi ed for
renoval of un- conjugati-A DNA tags by filtration throtgh an ani on eXChall ae

menbr ane,; Chr QRS QB ad Mokdal PORR Bt 8Ll 68 pulVRSSuding h oldiowih\agen _
pre-equilibration wth a solution of” DIVF and wat er ("5050 vol une rati o),

[00981RenDY Al Of oUW CONLHHRLER i AES: (N {01 1Y li8ORdI8: QL AR

neludes a anclele acid molovule which encodes the proten) followed by the
purification of the protein.

U fre somae nstances, & desired host oell Hoe 18 grown iy a bloreasior in
order to expross the protedn at desirable lovels, Exemplary host cell ines include
{hinese hamster ovary {CHO colls, myeloma (NSO) cells, bacterial celle such as £
ondi and insect cells, Qnoe a protein 18 oxpressed ot the destred Tevels, thy protein is
removad from the host coll and harvested, Saspended particudates, such as cells, cell
fragments, lipids and ather inseluble matter are typreally removed from the protems-
cortaining fluid by Slration or contrifugation, resulting o clarified o containing

ihe protein of inlerest in aolution ss woll gs other soluble npurinies.

nh
5]



obRonucl ootide) froma solution can be achieved via precipitation. For
exanple, a solvent is mxed with the tagged pol yner contai ning solution at
a speci fiwonati/seso as to retain the U | 1CODI ugat ed. t agCirnustéig/osesper nat ant
whil e the tagged pol ynmer precipitates"Alternatively, suitable conditions
can be .selected Wigch facilitate. .retention of . theta ol ymer Wil e
preci pi t &t ﬁg t he uﬁg’éﬁi‘i‘fdﬁtiéﬁ gt i“‘I’T‘l‘é‘g‘St<|{F‘t By P%aﬁ%q‘ R‘”bé‘* able to
readily identify suitable conditions for precipi tatl on based on know edge
in the aPotEsUhlE WiceR oF ButS ﬁé“%‘k‘p‘%t‘?‘h@n‘taﬁt‘%m to sthe process,

.0099] U trafiltrationfdiafiltration . menbranes may be sel ected based on
nom nal Molkepish af Weng‘krti:*tsmwzmzeﬁw@"‘fwmtj socas (HOTrehabrigreisproduct  of
interest in the retentate, while allow ng | ow nol ecul ar wei ght materials
such as biifr 68606 akedd bagsechd Paetiimbiid feld daadies, vinessiidl 1 ed in the
art will be able to select such nenbranes based on the size and nature of

the produgiieh m@ fEest mgwa,,\et@lqm tawrt%tmemeem@ttt@w ation. In a
particul ar enbodi frent, where the ag Is an ol igomcleotide 10-60 bases in

Si ze, and A 0ybs Ry i ding 20 . Si ze,
ultratil t? a?ﬁ%ﬁ”ﬁdl af”El‘Iib ?;(8 ¥§i eal ‘gh“ }{g“p{?‘*(brgﬂﬁgd%ﬁgl %&Q I\/FEW i pore
Centricon Pins-70t un|t havi ng a NM/\CO of 303 Gel, -f||tr}t|on\
chr omat ogHEPHY e 6T uFh & ERRVBES PR 1 BT DR Bt HE-E% & #8%on*ol ecul ar

wei ght .so as | oge nol ecul ar weight materials such as, thr exanple

pol ymer s SXSPENd eSS PN OPHS PHETEsendtstigfur e of the stationary phase and
are eluted .faster than the smaller nol ecular weight materials, such as,

for ex anﬁlii‘éi,{?} un- assotiat@drelitgonthef et pdefingbinsspantesor e time in the
pore structure and elute at a later tine. One skirled in the art will be.
abl e to ireatisly igelrat vaue hisohummsthaseddGR ¢ deucslazion antiniat tie of the
material of interest, coupled with no nore than routine experimentation.

[00100) | p . paskbbgit @ :@ﬁt%thtartaﬂtm.tzt«hﬁtgasmha, L8Qeth§v@ns Qldeaqpuct eoti de
10 60 'basés i'n size, “and t he pol ynmer is peV|nyI pyri di ne) 200, 000 kria

. Si zg,,..gel JLONHG G I 8 a SHOMA DEN
KU KK GP “'fZg %B %{‘nﬁf‘ﬁﬁn §hg§9ﬁ%‘§%§‘g§ ‘“”*%[‘]“ ‘pﬁopg’cu%a{[%q gy*‘h ‘of 400, 000
010 1Fal | OWI

E ge attach . of Qa\rt‘ ol g onu}el eot I?fgte nol ecul e onto
a " pol y SPCGHEOREC S R REERT ST A i ¥ SRS SRR e Wl ecul e, , as
descri bed herein, the associated nol ecul e can he detected Using an
anpl i fi cation w@a@m on or a .non-anplification reaction. In ease of an
anplification reaction, primers are sel ected which hybridize to the 5 and
3' porti onsidf the Emt:s*egm@}g Eov Peeanplidicapri et dinayoidsel sel ect ed t hat
al l ow the nol ecul e sequence, in five or polyner-conjugated form to be
anpl i fi ethcan@drdel eet@e s Mesto anitamPlih] €atlheRy KeREL Wz chis

conditions, such as tomperatire or pH, i3 used o selectively bind ons or more

fpurities while i it soluble state and s then precipiisted onf upen a change in

conditinn {pH or temperature, o8} removing the one or more impunidies with 8. The

bromoleside of interest ean be frther subjected 1o waditiony! chronmstography or

membrane aheorbers and the like

[H0OR FIG. § depiots a sohamatio of a non-limiting pasification prooess as

applied oo pH dependent polvmer such g8 polyid-vinylpyridinel, which i3 capable of

hinding one or move impuriiss. T the first step, the muxtwe s conditionad to the

correct paramster{s} to maiutain the pobvmer of vhoies o selution.  Alternativedy, i



reaction (PCR). In sone enbodinents, anplification products nmay be
visual i zed by direct neasurenent of fluorescence based on the nolecule to
obt ai n a woassisgisthr eshol d val ue . (0), The nmeasured C pecaluseoimmysbe used
to determine the concentration of noierule present in sarrpl e using a
cal i bration ated. from known concent raW D, [00102] In
case of 5'3“?18’93‘ Nt oﬁ‘“ "‘a’*‘r*é‘béréa“bj%&ﬁ‘g’ ﬁ’éi/ihbéwt d“‘f gT“}f \“gg %8t i on of the
ol .igonucl eotide nol ecul e, Alternatively,. the, Qucl eal i do nol ecul e may
i tsel f hEYTEBEFEd W R AL EETEETE %Fé‘t“y"%u@h“ é%“ pegriEEHpie, a hapten
tag, a fluorescent tag or a radioactive tag In sonme enbodi ments, a probe
whi ch hy bidediszesiolll that higosiitigonusiésricnd trslteeubduicdcedbatediai th a
detectable noiety. VIII. Methods of detec.Oliooltucle "d .nuileck ass(
dat ed w toipbboyipeessih 02108 kFoditionidng tichewatt mchnents toflisseinotwol | prel enti de
nol ecul e onto a pol yner such as for exanple, a -fluorescent tag, a

radi oact hyenedd; Rridnhaniens ﬁﬂ@@h%@ﬂ@ﬁﬁ&%@nm&@ ¥Rl iehsr@any
unassoci at ed m)l ecul e, the associated nol ecul e can be detect ed by usi ng any

of 2 VALl Youdly oSNl uesAopendl RO ipAR NG, BB EpM Gl 60 1 used as

a- tag. a‘“e tection ude radi oactive detection, optical
absorbance det gction, € ) sorban g det eCtI}O +.Qptical
eni ssi on d&tEety b "?%h’é} gy hdb‘stté‘éﬁiegf) ‘“‘E‘h’ Cﬁ NUSEdNag S il

i rmunoassay. , El ASA, . and avi di nfstreptavidin det ectl on net hods.  Devices
capabl e BF"%ﬁ%l‘frg“}‘f‘?‘ﬂ‘d?eé%éh‘é’é&ﬁ bﬂ"ﬁ*ﬁ%‘? nssapb de e AR B! scanni ng
tunneling mcroscope (siM and the atomc force mcroscope (AFM. For

radi oact ke i8¢ gwahs; coadiphosphbrigvd derade o var(é pregits@ner’ comer ci al
suppliers of imaging instrunents include General Scanning Inc. (Watertown,
Mass), Serixcalethnehdn@yest of hatenkieon! @harive; wtanaday nandAppl | ed

Preci sion Inc. [001041Th| s invention is further illustrated by the

fol I ow ngzg%&”ﬁkﬁ%ﬁ Whi-ehy Sheuhdh RQlarRes SORSLENBGAS: thé Mukingy. The contents
of all references, patents and

provipitate snd ramaining mixtere may be separated by centrifugation or fliration.

NG In some embodiments, once a cell culture Hoid s clarified, the
biomoleoule of interest may be subjectud 0 one oy more kaown adittional process

steps such as chromatography steps inchuding, bt not Huted to, ron exchangs,
hydrophobie interaction or affimity perfvrance tangential Sow fltration (HPTE
with ov without charged UF membranes, viral removalimactivation sieps, final
filtration steps and the Hke

R4 Que undesired cutcome of using podymers i the punifivstion ol g
hiomalecule of intorest from & Mologies! vondaining stroant is the possibility that an
smdefined amount of pobyroer ey remuain in the stremm, I desired, one may congiet
ang or mwore sdditionad steps (o enswre that all polymer has been removed from the
mixture by subjecting the mixture (o 3 siop comaiming @ matetial that will romove any

restdus] polymer from the mixtere such as on exchange resin, activaied carbon,

shoming, diatomacsous carth and the ke, However, 1 is desirable 1o have a sonsitive

3
S



publ i shed patent applications cited throughout this application, as well as
the Figures, are incorporated herein by reference. PIPA Exanple | etlon
- oi onuef I[wWohoseigosnce for e igatkii topolyrnei [00105AprCiThrsasiy/ 0845950 or
nore potential oligonuelcotide tag sequences of 40 bases in length, with
nearly eqxuazl\f; UQLHQQ ggivibiaéﬁwq SELLRW LON. (4 i*zegtga.ngxl F\' w’w%lx) and devoi d
of 4 or nore contli uous ses wer e . gener at ed e, g,, using
sof t war e, g  oliganuel eo g dibrary were screened
for secon%aﬂj}’* tAP‘ﬁ‘ét‘ﬁfﬁe‘“hsF @“‘t ‘-‘-gf‘d‘gr‘ﬁmm ’bu“&%g%ﬁﬁ%%"‘fm“ 6 . Meld
web server for nucleic aci d foI di ng and_ hybri di zation predicti on5 Nucl ei c-
Aci ds Re$esgil mviding GrERGoSHRY $rigE ‘W‘*ﬁfﬁ‘@f%?*“W‘hé‘é?‘wBR}A“é"ti Wy 'c1nM
MyC12, and 50 .nM Nucl and prl oritized by the nelting point of predicted
st ruct ur egsid xmmrfmbérfhgu pettter, as shown in Table | below, (001l.071Sel ected
.oligonticleotide tag sequences are subsequently chem cally synthesized
wth a vgnietly of i nveknakiGlng eriniinahd bedebiyeé igodpsaeddrhactnj ugation to
po nen Table I 33

detestion methods according to the claimed nvention may be ased i conjunction

with any purification process which smploys a pobyner for precipiating one or both
of @ homedecule of interest andfor one or more tmparities, whore s detoctable

3

olignnucleotide or notehigonuciontide tag, as deseried heorem, can be altachad to the

Py

§ii. Exemplary polvmers for pse o methods of parifving g blomelecule of

fnterest
fotaa] PFolvmers iwluding those deseribed in US Patent Publivation Nes,

AOOSQISSOAT, 200D003G65T, 20090232737 and 20TTOGAA327T, ax well as ULS. Patent

\ e bow A

Application No, 13108376, cach of which are moorporated by referencs in thair

sotivety horein, may be ased in methods desoribed hevein,
{8087 Exemplary pobymers molade, bot are not Hngsited o, pobei-

opropyiservianide), agarcse, doxtran, polvethvione oxide, hydroxvalkyl cellulose,
cattonie polvelectrolvies chosen frowm the group contaning chilosan,
pobreinyipyridine, copolymers of vingylpyniding, primary anmne containing polymers,
secondary amie containing pobavers, worllary amine comtaining pelymers, and
aniontie polvelectrolytes chosen from the growp eontaining copolymers of acrvlio acid

and methy! misthaervlate and copolymers of mathaorylic sl and methyl

methaoryviate,

HHORY] One or more polymers such as, eg., poly{Noviny! caprofastam},
pobv{N-aorylovipiperiding), poly{N-virvhsobutyranude), poby{dM-substitnted

NS

R



04 C xn*2.en + 50 .78, 9 ""C :-A8,7;
; 4Tc. . 11sACCAT11' CO. C7. "1S1TC. . c29g3. , CCP: TTCTACACTTAACTCACTACCCAT  73.

70, 9" C 490,2011/156467 PCT/US2011/039595
rylamside) (e, poly{Nuisoprapylserviantde}, pebyN Nadiethylaorylamide), and
polv{Neaerylovi-Nealkylpiperazinel, hydrowyatiovlesinlose, copobemers of acrylin
ead andd methacrylic ackd, polymers and copolymess of 2 or dovinylpyniding and

chitosus may be nsed in the methods described herein, either with or without a higand
or g functional group attached o the polymer, i ovder to selectively and reversibly
bind to 8 omodecule of interost or one or muows inypurities, thereby o separate the
Hemeleonle of tnterest from ong or more impariiies in a sample, g, & lologioal
material coutaining straam.
[008Y] In a particular embodinent, 2 polymer used in the methods according
1o the olaimed frvvention 18 a polyvinylaone pobyer. Inanother ambediment, &
pobvmer nsed in the methods acverding to the olainmed invention is & polyaliviamine
polymer. In vet another exnbodivnent, 2 podvmer psed in the methods according to the
claimed nvention s & podvaliviamine polymer modified with a hydrophobic group,
e.g., as desoribed fn ULS, Patont Apphication Nao, 13108576, filed on May 16, 2011,

the entire content of which is incorporated by reference hereln i s entivety.

IV, Mothods of identifving olisonnclestide molecules for attachingloa
polviner

HOOG] In some methods of detecting residual polymer desortbred horem, an

2

N

ofigonucieotide molocule may be omployed, A library of poteatial oligonuciestide
molecule seguences 40 nucleotides in length, having a nearly soqud naelsotide base
digivibuiion (e, A0GT ~ DU and devoid of 4 oy more contigaoas O or & bases
may b genennted & siffeo, eg., using a software program. Qnove a potential

o

pligonnciectide sequence s identified, it i3 desirable that the sequarice does pot

appear #t the blological material contaiving stream. Avcordingly, the prosoice o the
shsenve of the seguencs can be verifted using computational {e.g., by runnmg BLAST



48 9* C 35 01.0 -" T AACCrreCAAGG .."A T.|ACTTATATCT: GCATCATAC 32 71
7C 512 C
WO 2011/156467 PCT/US2011/039595

searches against the genomic ssquence of host oell DNAY wubior experinuanal {e.g.,

ry hybeidization against the hiclogical material contairing strean} lechmgues.

Y. Methods of tapgiug 8 pelvimer with sg slisonusieotide molecule

et

10051 {Higonucieotides may be synthestzed with wmitornal or termingl
reactive groups sich as halogen, epoxy, vdroxyl, amine, carbosyho acid or
sulflavdryd, which are subseguently attached to a polymer, Further, oliznnucieotides
with internal or tormvinal reactive proups may be further activaiad with varioos
coupling chemistries such ag, e, oyvanogen bromide, Nohydroxy Suscinimide sstars,
1, carbonyl diimidasoly, carbodunsde BRC, glvenivl, organic sulfony! chiorides,
azlactones, cyvanurie ohioride, snd maleinide, fvoorder to facibitale attachroent o3

sabymer, See, e, Inmobilized affinity Hgand technignes. Hermanson, Matlig and

',-fa

Snnth 1992

fo0s] Try some endhosdiments, for oligonucteotides containing 8 3 -torminal

ated with 1, carbonvidimiderole may be used o

r;‘

snine group, wdoacstanmde @
attach a torminal fodine group that subsegaently reacts with pyridine
polyvinyipyridine resnlling in covalent attachment of the oligonucizotide to the
polymer. Fpichlorohydein may also be used o sttach 8 tevminal glyoidyl group to

aligonuclentides containing a 3 -tenminal amine group that subsequently reacts with

pyridine in polyvinyipyridize resulting i covalent attachment of the oligonuclkeat;
1o the polymer, The specific embodiments deseribed heretn are nol meant 1o be
Titing s any way.

VI Methods sliavsing 2 pelvmer with 3 _non-olisonpclestide molegnle

R3] In sore ambodiments, polymers are tagged with a non-

ohgnnucizotide melecute sueh as, g, a radicastive medecule, 8 Huorescent molecniy



' C. CTTCGA: kCTAAGACTC( | GTGA( 3TATACTTTAGCA .45 70. 9C 61.C 44

Gee TCCGICGCA, CAT; . BAGACTCCCTQACATTACSATACCT 61'"' C 53.1>C
TTAGASACGELACAORCACCACTTTTGECACCTTTTACC -- " 47 77, 8* CP8T/US2011/039595
AACI TC. C. : KACTCTCA AGITATI 2. 14. ACACTAl s, C. CTTC

or & hapten modecule. In some embodiments, the molecules have ¢ et oy
internal reactive groups that can resct divsetly with the polymer resulting i covalemt
corjugation. none enbodiment, the ternninal oy nternal group of the nmlecule
mavbe sotivated by known protein chemisiry wethods, e.g., ormation of M-
hydroxysuceinimidy! sster (NHSeaier), sad fuoride, tetraflusrophenyt ester (TFP-
eater), or NTPogater, such that i reacts with the amine or pynidine function of the
pobviner with the formation of a actd amide (soe, e.g., Immobilized affinity ligand
iechuigues. Hermaoson, Mallia and Smith 18923 The coupling reagtion may be
performed in organic sclutions such as mothaned, diveethyl formamide (M} or
dimethyl sulfoxide (DMBO) or aquecus solotions at pH bebween pH Sand pH 12, In
one erbodiment, the coupling reaction may be porformed at room lemperaturs {sbout
20°C 1o about 66 °ChL

G004 Examplos of fuorescent molemtdes which may be used as tags in the
miethosds desortbed herstn tnclade, but ave vot Himited o, acetanude-4™-

isothinoyanatostilbene-2 2ilsulonic acid; acriding and dertvatives: acriding, acndine

o

sothicovanate; S+(2aminoethyl reninomaphthalene- Lsulfonte ackd (EDANSY 4-
avine-N-{-vinyisutfonyvhiphenylinaphthalimide-3,3 disulfonale; W-{d-amimo-1-
naphthylimaleimide, suthrantiomide; BODIPY | alexa Muorsscion; conjugated mualt-
dyes; Britliay Yelow, cownarm and derivatives; cowmarin, T-anno-d-

methylrounarin (AMC, Coumarin 120}, T-amino-d-iniflooremethyloouhaarnin

{Cownaran 131} cvanine dves oysansing 4 6-dlaminidine-2-phenyiindole {LDAPRH,

v

P8 dibromopsrogatiob-sulfonaphthadein (Bromopyrogatio} Red) Tudivthvlamine-3-

{$rothiooyvanatophenyi-d-methyvlomavary; dethylenciriamine pontasestate; 4.4
ditsothineyasstodihydro-stitbene- 2,25 disulfonie actd; 4.4 disothvosyanatostitbens-

2 disulfonie actdy S-{idimethviamine Inaphihalene- Lenlfbny! ehloride (BNE,



72.8(' C 54.7 uCcTACTTCCTTACT7ATcTO' 7.5.ac

Cn: TTAC: : (2, 4S1TAGTACT8CA( . 3TCCTGTer aNC. 17. MAC3TCC. ke.  4755.5*C
CTGGAGT GARCRCAAGEBRTCACT43ACTCCCCTI GTTCG  70. 9C55 . 8 CPCT/US2011/039595
Cl ATTC, TATCCGAG? C3TAGCGATCONW* 80, 503CC1- . AAGT

GCCTTG(I)GCGI ,A%A(XE(;(II (:I\/[;(:GA{A
HRY m QTS SHhyamnopheR yiaZophdi '?% ~z\0i}nm msmis: {g ‘?\’53%

easin gud devivatives; sosin, cosin sothicovanate, erythrosts and devivatives;
ervthwosin 8§, srythrosin, isethiocyanate; ethidinny novescein and derivatives; §-
carboxylucrascain (FAM), S<{dfdichlorotrissin- 2ol onmotiuorescaim (TAFY,

%

2T dimethegy-4"F-dichloro s

I‘;’J

syflunresoptn, fhuorescom, fluoresesiy

n.

¢4

isothiosyvanate, QFITC, (XRITCY; fluorescaming; IR, IR 1446, Malachite Green

thiceyanaie; &methylumbeliforonsorthie oresolphthaleing nitrotyrosing;

s

pararosaniling Phenol Red; Bophyoeryvtiein; eephihaldialdehyde; pyrene and

derjvatives: pyreng, pyrene butvrate, succinimidyl T-pyrene; butyrate quantun dots;
Resctive Rad 4 (Cihaoron™ Brithant Red 3B-A} rhodanine and derpvaltves: 6

carbony-Xorhodaming (ROX), 6-oarboxyrhodamine (REG), Ussamine rhodanine B
sulfonyt chiloride rhodamine (Rhad), shodamine B, rhodamine 123, rhodaming X
wwothioovanate, sulforhodumine B, sulfehodunine 101, sulfony! chloride derivaiive
of sulfrhodantine 101 {Texas Redy NN N Nistramethyb6-carboxyrhodaming
{TAMRAY, tetramethy] rhodamne; tetramethy! thedamine sothicryanate {TRITU)
viboflaving rosclic acid: terbium chelate derdvatives; Atto dyes, Oy Ovd O35
37 IRD 7000 IRD 800; La Jolla Blne; phthalo ovanine, and naghthslo oyanine,

Adstitionally, npticallyv-detectable moistics may slso be nsed as tags w the methods of

the Invention.

EEEEAT: Bxamnples of radicactive molecules that may be used as lags are’
fsetope containing molecnies, ncluding but are not Himited to, CLH, Cg, VN,
Yo, e, L e e, and S,

{00Ra] Bxamples of hapien molecides that may be nsed as tags molate DNP-

X, SE, 602, d-dintirophenyhaminohexanoir actd, suorimimidy! sster INVITROGEN],

DISRVY™ hotin Or-todoacetanmide {desthinbintin- X C2-iodoaccetamnide}



AA. ACTTG. 332/ 74sAA, CP3CTACTACBTA3233: 3. ACGAGAGICTAP., 15.9"C
AACGTATCOCCTTTCCCe CATAVWA4CCACAWCACe. WOB2 5

ACATCTTCAED.208AGEEACT TGTAGTGT' , TeTTTGO  00. 1.0 PCT/US2011/039595
GAACA. M C: P, , CATCTTS8: : TCAACACAGGTCTGOTACTGICAG 77.8*C 60, 8*C

COAAGG GTGICTCCCTCTGTTTACGTTACCTT.: - AAGe 78, 9CC e
ONVITROGEN), and Mo Huorescsin i8o t%g@cmmc mixed womer {THERMO

SCIENTIFIC),

Vil Methods of ramoving snassoviaied tag

REEO Following the tagging of ¢ polymer with o fag, #s desirabie (o
rermove any unassociated tag from the sample. For example, the UNA tagged PVP
solution can be punified for removal of sn-conjagaied DNA tags by filtration through
an anjon exchange membrang, e.g., Chromasorb® (MILLIPORE, Rilleriva, Mass},
fodlowing pre-equitibration with & solution of DMYE snd water {(30:30 volume rativ).

{0eRy Removal of un-onnjugated {ags {ohgonuclectide or now-

o b:‘

\

olignnucieotide) from a solution can be achisved vie precipitation. For example, »
sofvent ts mixed with the tagged polyner contahming solution at & specific ratio s as
1o votain the anconjugated tag o the supsratant while the tagged polymer
prechsitates, Alternatively, suitable conditions can be selected which factittate
retention of the tagged pobymer while provipitating the snconjugated tag. The skifled
artisan will be able to readily idenufl suitable conditivns for preaipiiation based on
tnowledge i the art coupled with routine exparimentation,

{00591 Ubtrafilrstion/dafiliration membranes may be selootad based on
nontinal medecndar weight cut-off CNMWEOT) 80 as to rotain the product of wmterest
in the retentate, while allowing fow molevaler weight materials such as un-assoniated
tags 1o pass nto the Alteato. One skitted 1o the et will be able o selsct swch
membranes based on the size and natiwe of the product of interest, eoupled with
routine experimenigtion. In a parficular ambodiment, where the tg

ahgonuelectide 1060 hases fu stre, and the polymer is poly(d-viny pyridine}

FO0,000 D dn slze, altrafibivation/dafiivation can be perfroed weing o Millipoes

fes
o~
L



80, 6*C 7SC. GAGCGIT(I AGCATG i s, Te. : 17- aaTCACTMIC?Cr CATTOnn ; ; 44e, 12

TCA. A . ACl : -LC-4' .. 1AACAACCAATTCGTeTCTACTCGIC-1:" 4-6 49

ACT GT CAGWU PATIOGEEGEACCTAAGGCCTCATCGTf . =T 8, 64 C 27 PCT/US2011/039595
COCCTGC- GTTCGACACC MKCCeACGACCATTTTACC898 ¢ C64 , C 1001081Tabl e depicts
random 40-niers_.wth. conbined \Eercent fraction of 0 and C nudcoti de

C.,, a-,: Coyncgp é’&i“’ct‘éd‘f‘éiub%‘e&" PRI TYRGY PeHb er it tiF 8 Under e EdNdi t i ons
(hybri di r’r), and predicted hairpin neltin terrperature (hairpin lirn),
Sequencesovith chiptestizdial pbhonBiripiysite ppesaia rassit b pt laght ed) are
:selected for priner design. [001091Matching, prinmers for PCR anplification
(Tra 55 Eplanéydesitgnedrandspbteitd aknbagrdlbhgenyche bt dee sanglpocons are
ranked using the cycle crossing (C) 34

structure of the stativoary phase and are cluted fasier than the smalior molecular

weight materials, such ag, for example, wrassocisted oligenncleotides, which spend

more time in the pore structurs and elufe at & later e, One skilted iy the art will be

stede to reasdity selont suely colunms based on the sive and natare of the malerial of

tutorest, conpled with no more than routine expenimentation,

00T I 2 partiondar enshodiment, whare the g s an oligonucloniide 10-60

hases in size, and the polymer is poly{dovinyd pridine) 200,000 &g in size, gel

permestion chromstography can be performed usmg & SHOWA DENKO KX GPC

KP-R4L onlunmn having an exclosion malecnlar weight of 400,600 Da.

VL Methods of detecting an sliconucleotide mclecnle gssorinted with a

[OUTGEH Following the attachment of an ohigonuchotide molecule mntn g

pobyver and the subscguent removal of wy unassociried moleoule, ax deseribed

heredn, the associated moleonds can be detected nsing an amphification reaction or &
novr-amplification reaction. In case of sy amphficalion reaction, primers ave selectad

which hybrithze tethe 57 and 37 portions of the molepnle. For example, primues may
be selectad that allow the molecule segnence, in free or polymer-conpugated form, to
he amplified and detected using an amplification reaction, e g, polymersse chain

reaction {PCRY. In some smbodumenty, amplifioation pradocts may be visuslized by

divert measwremay of fuorescenve hased on the molecele to oblain & orossing

threshold value (T The measured O value miay be used {o detormnns the

d
P



di fference between reaction containing and. not. containing the tag target
A i gonuel eoti de tags producing the greatest difference between reaction s
wi t h and wiothouse4ear get are selected fOr conjugati on onPOTASRYINBEISIS
[00110] Sel ected ol i gonucl eoti de tag sequence are synt heS| zed by I nt egr at ed
DNA Technol ogies (IDT) at 1 |i m. oi e her scale wt 5)

modi fi er CHPERENEY! HSnAlCQRT BER & 18 tf“xf@ gjr‘*ﬁ@p 1‘f“ti’r‘"“t?tfn‘j“\tltf,fa f‘8ﬁ’ tO pol yunor
[00111]in a representative experinent, residual 4-vinyl pyridine nonomer
was renowadyfcomentations p ko pyridine) prior to USQ in the methods
descri bed herein. Linear pply(4-vinylpyridine) (PV-P.) having nol ecul ar

wei ght 208;10Q0, obt & nsﬁsﬁist;ft”emsz(ﬁ;zENEEdziEdzﬁa&@e}r{hﬁﬁbﬂm&ayt'iN@tsp{i was spread
evenly on a gI ass dish and placed in a vacuum ' oven, The atnosphere inside

the oven @as. sRUHE8t: M Ri@k00BxEMarRLE] PBSHEOt10 Bt ollescicbrdor der to
remove any oxygen. The pressure in the oven was reduced to 0,1 in nmercury

using a 0 Gl ;VACHUTL RUAR@Ndi.aUbSeauent] ¥ b he denparal ungowas rai sed
t o about mé%@ I'Cff%legmpf(; ylrril}ta‘f‘%uxwasi su%j?ec ed to- thfese condl tlions fbr a tot al
of 2.4 hours ing | Q.1 0. €19 :

pur ged V\ni‘ﬁw“aﬁ}‘é&ﬁ* \i*ér‘él“‘“]ti h@@“fé’f §i \t\ﬁtuttg‘ga m\f?sq § %(tﬁe heatl ng
perm the oven tenperature was ( roomte e[atqre and t he oven was
pur ged V\/l%\ﬁh“la‘l"@o‘hn'g@vé}hat““h loptigs 8&’?‘6&?“ "68*3 Bt Phetdodrt s fie esul ti ng poi
prier did not have a noti ceabl e odor, whereas the untreat ed ol mer has a
di stinct odbiiiof Methddawl defediine spmnofenudpetidapinis USSR B vi ny |
pyridi ne nononer present in the treat ed poI ymer was not detectabl e by gel
per neati on chron’éﬁéﬁ‘\%phy whereas the untreated pol yner had about 0.05%
(Ww) residual 4-vinyl pyridine nononmer. Exanple 3: N odifiration of

&V4vhl YW ner \Wh DNAsi _ . ,
FO01G) Following the attactunent of 2 non-oligonucientide molecule onto 2

pohymer such as, for example, @ fluorescent {ag, a radioactive fag or & haplen tag, and
the subsequernt removal of avy unassoctated malecule, the associated moleonde can be
detected by using any of 8 variety of techuiques depending apon the molecule Mi ioh
is usod as atag. Fremplary detection methods inclnde radioactive detection, optival
absorbance detection, v, UV -visible sbsorbance detection, optical emission
detoction, o.x., Puorsscence or chemihuminesvence, nrmmaassay, e 2., BLIBA, and
svidindstreptavidin detection methods, Devices capable of seusing Hucresoence from

a single molecnls nolude scanning fhunneling microscope {(siM) and the atomiv foree

¥

microscope {AFM). For radioactive signaly, 2 phosphorimager deviee can b used.
Other sonumercial supplions of imaging Instnanents tnchude General Seanaing o,
{Watertown, Mass), Genix Technologies {Waterloo, Chtario, Canada) and Applied
Preoston I

FOG104] This invention is further ilustrated by the following examples whick

should not be construed as Himiting. The comtents of alf veferences, patents and



odoncet am de chem stry [001E21: Fol | ow ng the renoval of the residual

nmononmer from poly(4- vinylpyridine), the polyner was tagged -with a DNA
tag. I n avoeprigsessvati ve experinment, a DNA tag conpri si RgTAG201008%03 | des,
was used, having follow ng .sequenee: 5' OTT ATC GGA. TI C TTA ATA . GGA ACA
CACICTATCTVACCC(113 A|n|\/|1 SEQ H? al so sholgmu 35[D36|n Tabl e
| . and nBPEREYPRRERE IR t‘ﬁ*‘atf‘waitﬁ“ﬁfé @ﬁ&ﬁb“ﬁ%ﬂ%ft HE0 a8 Stednses
.(Utragrade), 1,1 '-carbony.ldinnidvole (-1)7%..

di met hyl hwrim:rmd:emi(hm@:f redgrgnsedi met hyl . sul f Oxi de (DVBO, . anhydrous, )
were obtained from SIGVA. About 5.56 ng of iodoacetam de was activated
Wth 4,48 ng O01'1,1 '-carbonyldi imdazole dissolved in 0.5 m of anhydrous
DMSO' The reaction was .carried oysduiboomtenperature fOr about an hour,
protected fromlight. About 3.71 ny of the DNA tag described above., was

di ssol ved in 100 )11 de| on| zed (DI) wat er, foI I owed by the drop W se
addi ti onEspm@inin  DNRGioes sopugeafdsokgrenoe HNACeREE

with 0.5 m of actlvated |otloseetam de soI utlon and reacted at room

- tenperatur e.for 24 haur The uct . di ne, t d_DNA t.ag, was
preci pi t &t ed&}um ng O BT ‘gcgt’dﬁ? tFFT “l“ﬁﬁ‘g 2EBF téﬁt*%l délld'iib‘églﬁ‘egt' by
centrifugation at 2500 rpmlbr 2 mnutes, d(I%cess an-reacted i odoacet am de
r emai nedHi%E thig ?é?ﬂpét?hatfﬁﬁt“Bé*ﬁdmt‘*vlzfé“@bf*’tftcl RSN A g\edi 'FHe pel | et was
washed with | nil acetornirile, and re-dissolved in 1,0 ml of DI water, The
latter wasi éﬂdsfemfiddfmp@m@etig@ua {(solabhon vofe SORd PVYRDr om. Bxanpl e 2,
dissolved in 2 nit DMF. The m xture was reacted at a tenperature of about
60T for Rdérhgurs. WO 2011/156467PCT/ US2011/ 039595 [00114] Fol | owi ng t he
removal of the residual nmonomer fromnoly(4- vinylpyridine), the polymer

was taggeghiwkt h an diganuelmel bEe:NREAG:L Nharf eRKeseNhal ive experiment, a
DNA tag conpri si ng 40 nucl eoti des was used, having the thilow ng sequence

5% cal ' AL ATA GA A T Gnd G, y -3'" (SEQ
1..D NO D A&Cm‘ Qg& gnl-{A{ -I{ é@'&ﬁ%‘;ﬁg}n %\e }Sﬁro:}p ﬁdm%ﬁié orohydrl n
(99°/c) d|ethyI th forma em t | acet af (A .eagent gr ade),
Met hanol “EAES t‘éd@giﬁt‘\ ijt“ggé’)‘ HeREE if Et“? a%tf i‘t ?@g% C§ $Ydi um Hydr oxi de
(0O I'N) were obtained from SI GVA, About 2.97 of the DNAt ru2 descri bed
above washeisgsaledelianor ingar SRk ahe § 8t r aibydt %ttrg ISordtPeonM(nfivnd pH 9. 2),
foll owed by the addition of 0.2m .DW containing 3 | A of Epiehlorohydrin.
The reachiioniwasvabr vicBohyQuts all preaomed enpeacat lawer hangabout sathchaur . The
solution was then .extracted with 3 portions of 2 m diethyl ether to
renove excess: Uhsikgacted Epichl orohydrin” The purified solution was added
drop-w se to a solution of 30 oil DMF containing 3 g of PVP from Exanpl e
2. The mx{igg Il C]S\l g?;a'c‘]p? (Al LE‘%%[FQE{*{{tQ{ trs?xqg}q ehégti*gtg%!{’/gﬂ hours,

Exanpl e exces- Tooe VITI

syrihesived with a varlety of tnternal or fornvinal resctive groaps for comugation to

polymer,

Tabled
i Reguenee B ‘L\ybri& haivpin Tw
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vridi ne-
equal

tier

redi ssol ved i n equal
vol une of pQT/UsRoINASH® renpve

vol

[00116] DNA tagged PVI? from Exanple 4 was precipitated using

vol ume of ethyl acetate sol ution,

met hanol woadoft/rsedesry precipitated using equal

unconj ugat ed DNA tag The preC| pitate was then dissolved in a mxture of
: [AIRY)

une of

DMF and }‘\--ftQ“aT(f. @@{5 ‘;coneent rat ken- of 6 whk. Yo WO
2011/ 156 eshenoval of- exXCessy UN« A
tag, the sTguantitateds  Serial i
di lution ) vergg anpliTied Using . lZJ S pi
Fast SYB .‘ls@@%&b)u 2GS Sk 0.9 AN Of Eash | pra mer
with 2 n ¥ ;».;__Qh‘uf@»»@«rmgéb“ﬁi{j ushag thesapal 1 Ti catil g
conditio B GV L B0l R 0@ T Ok 60 58 0nds 50 eyekas  of
95 ' C fof "2 :“ 2Erkofa$lrsecondscr Tiak Towedihy a final i
ext ensi on gat ﬁﬁﬁ@fﬂﬁ**rﬂ{iﬂg@a&f@*hfg@dt l5ON (pr edueisS Wer e
vi sual i zEW Py S TechanRastrereirafofikuoreseence 6o obt aknsa Crossis ng\ ;
t hr eshol d wmal ge-{-Ch {00 T8 A knewn o btresofea  known pekysrer concentfat 1 lon
was anpl | fazed raftretode k@0 arrsomrandiduttonragd: t he Gt obtasned wassscenparied
wi th that s omdherstandasndenrvaecgenetat:edrest Ng sunconzugatted polsgnerct o
obt ai n t hez nupkercratceepieskiathensanpteokacon) ugat.ed potyner.. TFhi. s*¢
al | owed g sal cukat:zomwobotbesaunbercrbuibNAsbag: copkes per. nol ecul esof @«
pol y(4-vi byl spyrindemepapolymeraccFerspriotstbatchesz the veomnjugat i o . ratio
was det er manedasorabecroughtoyrchrlbiNAt@ags prrRe208: polsyner mel OQul es, E.xam k
7: Ad ' us zet { tonT003GkCeldomaderarwethtbromrTaTRon - expriessengrcChi nese . 1°T
Hanpst er | Gualk paiCH@acekbrfimeesergromuicnsa: | bikor eact:or 2 tNEW BI%UNSW CK
SCI ENTI F Gp t essagensttoyreoferirOekdhcecidoshaet i n 30 i, Jef sgul tur esmedi um
and har vest ed rateG4scurabidabyrebyaas repicked: t 0 sa_concentiat ion ©f 715 0
g/l.. and @h(wcﬁmeﬁm"ax}r&@nmi ih‘@S‘tI@”eM’“mt@’m ns 4¢ HEP) "wad’ et er M nett t o
be 385669 ¥ i grinmicacTivgsptboiattesftaidrwag s, Fhe ipHi¢f 2tthe | §4.1°%¢C
ht./clar fii"?ed*“‘cmilwemmmw1w¢€drﬂwéa@1’if'tl@t‘ﬁé’ "-TI )45 lusi By, 17 &30t *3, 0
‘acetic ackd,’ tI‘Gn Droéék“s §4.8°C

a8 1 . En TE. 980 G4, 590

1% |2 43 7 §5.0°C

31§ COGOIITOCAIIOTOAT 8% as §

15 ¥ 42 78, §

47 57 g2V

28 CTOATHTATTACTOD S YE, B

2 COTCOTACGCASRAG | 87 8370
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{0108] Table I depicts random 40-mers with combined percent fraction of G

and O muclent

gongittons {vbeid Tm}, and predic

Seguences

ides (9GO, predivied duple
toid hairpin melting tomperaiure

with lowest hatrpin melting femperatures (highBghted)

primer dosign.

[0109]

and potental

Matehing primers for PCR smplificstion (Tm -

tag oligonnoleotide amplicons are ranked uaing the
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X wmeling ImperatiD Wy

are sufen
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WD 2011/ 156467PCT/ US2011/ 039595 Exanple 8: Pnparatio ok urifhdDNA 6'1P So:
tition in acetic acid 1'001201The solution from Exanple 5 was dried, in a
vacuum owe0 20persedeedat a tenperature of 6CFC tOr 24 hr, PChasc@mmsIsvfng sol i d
was :reconstituted in 3Macetic acid, with continuous agitation for | 'hour
at roomterrperature to a final concentration of .15wt%, Exanple 9:tjsc of
ol i oonneli&dttwbathebreagueacgon Cortapgis itﬂié\m‘sw‘*éeéﬁﬂi‘ﬁiﬁ%c@§éﬁf:~3ﬁnnl toring
f0012.1]0"5 m of PVP solution from:Exanple 8 and 0.56 g amoni um sul fate
wer e addedipouditnid: iofs wodwhar hif pedisedilveulbt breadd whdidr omb.dE¥anpl e 7 and
m xed at rmmterrperature for 5 mnutes in order to allow for binding of

I nsol ubl yisHoPKEdt hRS el SUE RaBnERklie: @nd peBhierdebris as wel | as sol uble
inpurities, such as host cell proteins, nucleic acids, etc. The

p0|yrrer-l tles 2 B % (r\klx t t1y 3 S €n5 kepH Of
the’ mi xt u{tg‘%p(g B o &g;@gt %“5 &z%ttag;e @w at.ady bisiAdi Mtt Gt

res cont aining 0.,08g ammoni um
sul fate, , al | Qus ed, product (190 bind to.the conplex. The
preci pi téti\él‘si’*h“t‘ﬂ“ ?i‘d?ﬁ?g“( ‘“ A di {s‘%‘e?r}si o g‘t e s‘u%ﬂrh o i,ggvvas m xed

conti nuousl){ inthe fluid for 10 m mn, The p I‘ECIRI tate contal ning the 1gG
conpl ex WEETSHHE 8 OB SREF F 8T €AoY FURBtOR Y PGP RFgat i on (4000 rpm fhri

m n) and washed with I Mamoniumsulfate (10 nM Tris"8.5) to renove

| oosel y-hound inpurities. Wile ceIIs ceit debrls and ot her sol uble
impuriti neq, ng. : ctively &fitted
fromt he%S Eﬁglat at ”QQL{ : tath Tile. mxing for
20 mitts, foll owed ¥y~ ( %,um Duraporel ?) filters. Under
t hese conditi ong&, . GIYBSEHE BESREGIARER oy gi nal sanpl e was hound
to the pol yner and the per cent age Of IgG recovered after elution was 80 w
% ..FO0itd\iResi dudh *puPsicptatiie cHiorferbats e 3 iof PFASIPUFIFIEEL | on
process was the purification process, the curves begin to flatten out with
a crossi ngsthneshiokan ER{Ofirahpuiddied Brivd lonsald thdintaitddodsserdiddrart t o the no
tag control, Exanple ): Pre aratwi of oieiarfld on-emmsing, Cell Cul re
Fluid | $8Rar pobvid-vinvipyridine: (PVPY having molecular weight 200,000, abigined form

SCIENTIFIC POLYMER PRODUCTS, INC., was spread evenly on a glass dish and
placed a2 vavuum oven, The atmosphore inside the oven was purged with argon
several tines for § nomdes, in order to remove any oxvgas. The pressure tn the oven
was reducsd fo 0.1 I morcury using s sechanion! vacnum punyp and subsequentiv the
fernperature was saised to sbowt 120700 The polymer was subjected o these
conditions for a fotal of 24 hours. During this time, the stmosphore inside the oven

was purged with srgon several tmes for § minotes. A the end of the heating period,

*

he oven temperatgs was lowered to room temperature and the oven was purged with

7.

argon several Urase before opening the door, The resulting polymer did not bave 8
soticeatde odor, whereas the anireated polymer has o distinet odor of dvinyd pyriding
monomer, The amount of residual dovingd pyridine monomer resent in the treated

adymer was nof detectahie by gel permeation chromatography wheress the antreated

sy
".A

rohvmer had about GO (wiw) residual $ovinyl pyridine mwoaomer,

Lak
L



:00123]In a representative experinent, cells derived froma Chi neSe Hanster
Ovary (CHO cell line expressing a nonoclonal 1gG Wre grown in a In

bi or eact owO(NEVSBRIUNSW CK SCI ENTIFIC) to a density of 18xTAB201¢@B9585 N and
harvested at <50% viability. The antibody titer was determined to be 0.7
minL vin protein A HPLC The | evel of .ho'st‘cell ro; el ,QHCP{Z was found to
be 14180@L?§Fkﬁ§e§n r- gv:‘i Y Ak id e BBV IHEY IRIAT A5 5 BRISR was
determ ned to be | lcisdcyinneidbghORSHG een assay The pH of the -unclarified
cell culture was pH 7. 2. Exarrple 11: Pre ar f a hvdro bobleal v nodilied
Vai hi am {gmbqsed

Following the revpoval of the residusl monemer from poly{d-

,....

vinyipyridine}, the polymer was tagged with s DNA tsg. In o reprosantative
experitnent, 8 DINA tay cotaprising 4 nuclestides was used, having fellowing
sequenee: 57 GTT ATC GGATTU TTA ATA GUA ACA CAC TOT ATC TCA COU
GAAmMY -3 (NEQ ID NO: 1L also shown as 1D 36 tn Teble | and modified with o
PHTANY aming grows,

0113 fodoacetamide (Ulirageade), 11 -carhonyvidiimidazele { 3974,
acetoniirile, dimethylformanidem (DMF), and dimethyl sulfoxide (DM,

arhysirous, AU Y were obiained o SIGRMAL About 3.36 myg of ladoacstamide

was activated with 448 mg of 11U -carbonyvidiimidarole dissobved 1n 0.8 mi o

anhydrons DMSQ, The regction was carried out al ropm tempersture for aboud an
hour, prodected from Hghtt Abont 371 mp of the DNA {ag described above, way
dissolved in 100 ul dejonized (D) water, followed by the drop wise addition of 8. nd

DMSO. About 0.5 md of the DNA fag solution was mixed with 0.8 md of activated
iestoacetamide solution and reacted at room temperatare for 24 hours, The product,
todine terminated DMNA g, was precipitated waing 0.5 mi acctontinile, and collscted
as a poliet by centrifugation at 2500 rpay for 2 oainutes, Bxcess, an-reacted
iedoacetamide romamed in the supernatant and the solution was discarded. The pellet

was washed with U mil acetontirile, and re-dissobved in L0 mi of DI water, The latfer

was sdded dropwise o a solation of 30 mp PV from Example 2, dissolved mZ mi

i

DME. The miviure was reacted at a tomperature of sboat 60°C for 24 howrs

Example ¢ Meodification of poleid-vinnd pyriding) polvoey with BNA tag nddug
Epichlorehydiin




stimuli res itinmsh. e 1001241l n a representative experinent described
herein, it was denonstrated that the polyners described herein could be
readi | y msioubactsedeed on a | arge scale. [00125] Usi ng a selCuitises 1089595

pol yal I yl am ne (PAA, NI TT080, 150 k:D; 40% w,iwt,), a hydrophobic:ally
nodi fied _stinmulus responsive pol yner was produced as foll ows. [00126] 500 g
of Pol yahy¥idrn Me (#’Aﬁswvwﬁéfwfl*smﬁ@dh%%;f:ﬂﬁ%’%’f{%ﬁ%ﬁirﬁ%ﬁféFg}??ﬁybo g of
polyal 'yl am ne) was added to a 4 liter glass jar. Next, 80 g of NaCH

pel | et s amgiLoG0u the pofndeivoniazed! Wik en cliepaicBinigolNediagnd added to the
jar. This was tbllowed by the addition of 1000 naL I, 2-di not hoxyot hane
(SI GV agwascersisobuventincand FHQ sotatprofgvaisnstitotiedwyd gadoustag thati | it
was honogenous. Next, 114 g of benzyl chloride (ACROS ORGANI CS, 99% was
added t o ghinevihgagddon: kargrt e solatiorwastheatigahat (6 G ar¢l6 hours
wi th magnetic stirrint. The solution was allowed to cool to room

termher at Y, @ad. &ranslet £edebuid: O i hlieAKer o ol Q012 Nkl 1000 niL

of dei oni'zed 'wat ér was added with'stirring and a stic sol i

Ss

precipit ‘ggg ut of .sol ution ,I&;l;o,.groqti t”\\/\/as&\fu[ t her _‘rﬁci pg{ %L d with

TS chdarolaTeiy (e, gl siher - dimeptn it nadidin TR
sl ow addl?t 7 n?of 2067t :i{‘.“ Rl A NRESH R A SR éi%l‘%(‘ il deas
collected. and washed with deionized water.. The pol yng_r was : further
puri fi ed By RO owr ey MEERb A o0 1D} THE R S M Urs SBEVEHS n 3
titers of 1 Macetic acid with stirring. ' N

{953y st Sodiom Hydroxide {3UIN) were obtained fors SIGMA. About 297 mg of

e DA fay desoribed above, was disselved in 1 mi sealian: fetraborate selulion

{30mM, pH .2, Pollowed by the addition of 8. 3ml DMF containmg 3 wlof

Epicldorohydrin, The regetion was carvied oai at room temperature ftr about an hoar,

The solution was then extracted with 3 porticons of 2 mi diethy] ether o remove exoess

wireacted Eptohlorohysdring The purified solsion was added dropewise to a solation

of 30 mi DMP containing 3 g of PVP from Example 2. The mixhure was reascted at a

temperatire of about SO°C for 24 hours,

Fxample 5t Removal of excess DNA fag from DNA tageed polvid-vinsd

vridine! polviner

LA 1Y ONA tagged PV from Example 4 was procipitated ysing equal
100116} DMNA tagged PVP from Example 4 was precipitated using equsd
volume of ethylacetate solution, redissolved iy equal velue of methanel and fnally

o

previptisted wing squal volune of 1M NaOH to romve unconjugated DNA tag,

The precipiate was then dissobved in g mixture of DME and water (50:50 volume

ratio) to o fnal concentration of & wit

Exsmph 6 Quantitation of DNA tag senjusated 1o polvid-vinyl pyridine polvasse




The total volume. was brought to 10 liters with deionized water and the pH
was adjusted to 7 with drop wi se addition of 50% NaOH. The product was
preci pi t avodow/ st he addi ti on of 800 g of 2 M sodi um piroTnlsadia/o3esds t he
solids was collected and washed with & onized water, The polymer was even
further purl\tvled by.the fo ow ng 1 hod %;sol id was dipssolved in 3
liters of !Nt aceti &® Eﬁ‘ﬂ“‘vd‘“tﬁ"“ﬁ r*feﬁr‘rg‘«‘*“fteg ¥ Hi¢ YL e Ras brought to
10 liters with deionized water and the pH was adjusted to 7,0 with drop

wi se addictiivpetof 15096 NAOkEs %@tiléﬁkédééit*»i fi,\iés§%lﬁe%%ﬁ§‘i‘\t<ati%‘élﬁwi’c‘ﬁlﬂéﬁfé| tion SOO
g of 2 M sodi um phosphate and the solids was collected and washed with

dei oni zedNaterwere[x0Q1Z04 Thieg f Syl g SOk KdcomadsstwadddiAgd. R a vacuum
oven at 65 T for 3 days. The dried polynmer was frozen with liquid nitrogen

and groungnkesazdine spowderschanthdrurither drhedidian fhalayamthe 26@sul ting
mass of the dry povvder was . 250 ¢ g. Asmall sanple was dissolved in 1 M

(7.13; S n\‘t}g é gﬁacﬁ'i dmgini%nl: LNVR - SREGLER MBS 100 & Red, ﬁsﬁheamzk}l‘ NVR peaks

were int egn te. he “amount of benzyl Modi i cation was determined to be

$3% [0 The‘r utln owder, was. di ssol ve ( o W W sol ution
inl M agé &\ ’?&%T Oé edsr‘)tc}l t‘?)hg 517G 7on W”X‘“ {0?’“%5%1‘\ g}rélggnm tivity to

a. rrul tival ent ion _Sti b rop vyi se addl t| on of M Sgg{rlr m phosphat e
or 0.2 . NESBHPuA & Tr iy é‘}t“‘—‘F‘f "S e “‘%%fﬁﬁ‘%gn BIBOTY e ‘s’c’)‘l‘ FEPORE.  Upon
addltlon of the Phosphate or citrate ions, a white precipitate is observed,

t her eby iffdétcutawgrhiae! furespdiopie pbiibist weponsitvehaid saeritt i val ent ani on
.stirmlus, res usive )lvimer wfth a onscence ta(> [001311The resulting
poI ymer f{:ihi'ﬁ)‘srh&jﬁx anpl & kivwwassibabel ednwivt holanft soresesnt: wagnigyiitthe | b/ | owi ng

nmet hod. :2g of the solid polyner was added to 10 inl".
after 100 or more dilation and the Ot obtained was comparad with that frong the
standard curve generated wsing unconjugated polymer to obtain the umber of copes
in the sample of conjugated polymer, This allowed s calonlation of the number of
DNA tag copies per moleoule of poly{d-vingt pyridine) polvmer. For pilol batches,

the conjugation rstio was determined to beroughly | DNA tag per 200 polymer

nnlectdes.

Example 72 pH Adiustment of an Unclorvified Cell Colture Fluid

H TR Cells dortved from a non-expressing Chinese Hampster Ovary (CHOY
cell fine were grown i a bio or (NEW BRUNSWICE SCIENTIFED) 1o a denstty

of 110" polisamd in 10 Loof cultnre wmedivm and harvested at 64% viability, IgG
was spiked to 3 conceniration of LU ¢/l and the concentration of host cell prolewms
(HOP) was determained to be 385869 ngfml. The pH of the fluid was 7.2, The pH of
the unclavified coll cubture Sotd was adiusted to 4.5 weing .17 wi of J.OM acetic acid,

prioy 1 the start of the purificgtion process.

Lab



of 1 Macetic acid and stirred :and the solid is dissolved. The resulting
sol ution volunme was increased to 100 nL by addition of deionized. water.
The pH ofwoOhe11s6b4s7i on was adjusted to 8,5 with additi omcofusdoivo3ddadEL" k
reactive dye solution is prepared by adding 1.2.ng of
N-(4,4-difiuoro-1,3,5,7- tetrarrethyt 4-1-.3ora-3a, 4a-di azas-i ndacene--2-yl )i
odoa. cet anjagaele EiB resdration of agritiagd Iy NAhazedE i\ Sokdiogde spptigmend mredi at el y
after preparation, the reactive dye solution was added to the pol ymner

sol uti on W t-h- Vi gor 3 ‘rlu Leact i,on A3 at 50")C
for 1 hou%{ﬁéxt tﬁ(g3 “§?Itkhf} “gﬁ\g enter%l ﬁigé‘é§g£rl ]i;tuﬁl[e}i \gﬁﬁé ﬁla?g%g was
decanted and di scar$d < ! g coI ored p@ et was resu ipen‘tdﬁed in 50mM
pot assi urh'pHBSPIAL & ‘gi—f 7“a‘n*%j“ PEEFEIE RGN S8 TEPER SRS subéeddent | y
centritliged and the supernatant was decanted and di scar ded 00132j The red
col ored soid HiporyRBIOUHAS BEgR el Mpusf FREUC By aESoiHE in 10 int of | M
acetic acid. The resulting orange/red solution volunme was increased. to 500
.ml, by addidnirenxofi &wohi.zed water, The pH was adjusted to .7 and the

sonni on was brought to a concentration of .50nM potassi um phosphate by drop
w se addition of 2 M potassi um phosphate and a red precipitate was

obser ved.g kg i fiiaakl aloMARINARE AU LGRS AL hé B 0t narkingl ut red
solid polynmer was ré&GQUEL adnadiwashed w th deionized water. The red solid
was dried under vacuu or 2 dw s, g of dried red

pol ynmer was ground to a fine powder and dissolved in Macetic acid to nake
a 5% wf wisohiti on. Bdati sHFVP sihwenGink Extepiowl okt (Udsg emeenfi®9133. ] Usi ng a
5 % sol ut| on of.' DDIPY 507/545 tagged. tydrophobic .ly nodified

pol yal | ylsamkReds ameExanphe of us-cStidndasdoapku i onyen mﬁ@m}nﬁt #@ns of 1000,
100, 10, 1, and 0,1 ppmsolids were prepared in delonized water. A.

fl uoreSC%%Qes%e@Hs@a IRARE £F SRS LSt BlieOXChhE ts}onmga‘,wfzi%&\t\umand e ssi on

of 54,5 tun intehsity at 545 om vvas recorded f €ach sanple and a
standard.curve was.p d in Fl U ]" L 001 rder to
det er ni né PHE S PTG éhi%/méf‘”’”géil {%ﬁ% C&{“ﬁli SRR R “L Q § J? %9\;al ent

anion cin Alls as weII as th co centratlon of reS|du poI t he
| b/ | owi n@FTEKPEriaTER i CBer 6 PREFE-IPDELES AT S ‘rﬁ"f“,‘“ *“6&"[‘“2%8{’\/%% er, 4000
ppm of the tagged pol ymer was spke. The PH was usted to 7 and t he
concentrém@ni\@f\fi@tégsﬁiﬁm ph’f@‘ﬁ)ﬁdﬁtf&ﬁm B?@ﬁgm\ t I SOMHENDE CABSt his ti ne,
a red .pecipitate separatesvial was

ammoniie suifite, this allows the desired product (g} o bind o the complex. The

prepipitate, in the form of a dispersed solid suspeusion, was mixed continumasty w the
fluid for 10 min. The precipitate contaiming the 1gly commplex was sabsequently
collected by contrifisgation (4000 rpm for 1 min} and washed with 1M ammonium
sulfate {10 oM Tris, pH 8.5} fo remove losaely-boond tmpariiies. While cells, cell
debris and other soluble impurities remained hound 1o the preciptate, TgG was
sefoctively shuted from the precipiiste at pH 3 {100 mM sodinm acetate}, winle
mixing for 20 mivs, followsd by Gltration through 0.2 wun Durspore® flters. Under
these condifiony, 939 of the 1gG present m the origina! sample was bound {0 the
pohymer aud the pereontage of Igly recovered after elation was &0 wi ¥,

[061233 Residug! PVP in the different stops of the pustiication procsss was

guantifiod e described in Example 6 and i Figre 60 &s the frections move through



centrifuged at 3000 rpmfoninutes, The turbidity of the resulting

Al pe: natant was determ ned to be 46 NTIJ and the residual polyner in the
super nat anm0 2omg156sver m ned to be 44 ppm by fl uorescencePspasteionsspy. The
supernatant was filtered through a 0,22 mcron Durapore MIlex (M LLIPORE,
33 mn) and the residual polymer in the rate was determned to be 30 ppm
by fl uor éscentesspesloroschpyirRotabh i, f‘htmwsméwémam*enw‘*ﬁ*@&ikﬁ%ﬁ $n 99,25 %
renoval of highs of residual polyner in water with sinple addition of a

st i mul us &f cemtdl Kb dgatll @hyicandiafildste dicirena: fQ0X861These results denonstrate
that a stinulus responsive polynmer cow stng of fluorescence -tag can be
added -to water, rendered insoluble by addition of a stirmlus, the solids

can be S%R%Eaﬁﬁ@@ﬁa“?‘m%ﬁ?m@aﬁ%id b RSV e € g@:@sx(@@t@&&&mh&afl uor escence

'm\-

spectroscg DY, Exanpl & 14— Det &t na “anoun Stinmulus re s
onsi ve wtfi~a nor seence M A all pecul at ed CHO cell cul turf [ 001371Usi ng
.a b5 %SQLJ;J gn MPY 507/ 545 tg ﬁ gdi ‘o |\\Q)a qy T g la qu

pol yal | yRARine from'™ BXSHPTEATSS “SFRREAr 4 SorahFO M tonhean rtatl ons of 1000,

100, 10, 1, and 0,1 ppmsolids were prepared in delpnl zed vvater A
f1 uor escéhEey Spdct ¢o et SRR AROSB TN £h 8567 VATIOR 540 LSG7EHMT and
em ssion at 545 nmu, Thq intensity at 545 mu was recorded for each Sanple
and a st ahnday BREIFVE TRES S(PESTIHEY. Jae e draliipyg! t?Q\Eka)ﬂrM wlagd harvesied ot

<50% viahthty, The antibody ter wes detormingd to be 8.7 mg/ml wa protain A

HFLO. The level of host cell proteing (HOPY was fnd to be 141800 ng/ml. asing an

BLISA {CYGNUS 8 P35G) and the DNA conpentration was determined to he 119

ugdml by PlooDrom: @ assay, The pH of the unclarifled cell culfure was pH 7.4

Exasmple 112 Preparation of 3 byvdrephobically modified polyaliviamine %3.:315@%
stiznuli rexpousive polviner

REU RSS! {11 a representative experiment desortbed bavein, it was demonsivated

that the polymers described berein could be readily manufacturad on a large scale,

{H0135] Using a solntion of polyallylamine (PAA, NITTOBQ, 130 &1, 40%
wiAavt), @ hvdrophoblosily modified stimulus respongive polymer was produced as
tedlows

28] SO0 2 of Polyallviamine (PAA, NITTQOBO, 15 KDY 40% wiiwt)
{approximately 200 g of polvaliviamine) was added to a 4 Bier glass jar. Next, 80 g

of NaQM pelicts and 1000 mL of deionized water were dissolved and added to the jar
This was followsd by the addition of 1000 mb L2-dimethoxyethane (SIGMAY as 2
so-solvent and the solntion was stirred vigorously until it was homogenous. Next,

114 g of beneyl chloride (ACROS ORGANIUS, 859%) was added to the resction jar.

REy)



[001381('HO cell culture was prepared using, a nethod. simlar to Exanple
10, Residual polynmer fromfloccul ation and precipitation of the cell

cul ture usongliasewrzoni ¢ smart pol yner subjected to a. stPCwsSes 1wsgsIEonpar ed
to a using a catonic smart polyrrer Wth no stimulus. Dose of 0,1, OA or 0.6
wy of tagged ymer was adde of unclarffie cell culture
in dupli dgt“é% . ﬁ“ T@“ M“f“‘%h$}c{ali°% ﬁbié%‘“‘* f_’“@bfg’@] BeitoTng: hg‘*‘g_‘ﬁi“é? of the
three pol yner concentrations was adjusted to pn 72 with Mtris base, the
pot assi uMiapkBsphhtercebiicentriatPoRasd epBasad ¢ o0 5o m@y drop w se

addi tion of 21\4 potassi um phosphate and the solution :was stirred.. The
sodi um phgsighat e andiepi, 10&H i stineRt wa svipenfaratead ixfhhmiﬂ‘mlg #10 apr eci pi tate
the stinmulus responsive polyner along with a conplex of cells, cell debris,
L puri U egekyf @8 GMAL pREWVERE o8S MRk HASTROpb QT GUb Bhthed @ma@dwtgﬂs and

i ncrease part| cle size, The second series of three polymer concentration

are si MlyusEiLLesands A 1 idrulSouas ARRbLEC The i lavasicaent 1 f uged at

3000 rpmf° m nutes. The turbi dlty of e resul ti ng supernat ant was

recor ded amd super.nat re filter ed Nl % &

Du- r ano: & i\"/ﬂé)?”‘*( Nﬁf’l_‘l '“‘gﬁtvﬁr‘fﬁ?m RIS PR ﬁﬁéf“g" ioiii t?ﬂafh mhg“fl ltrate
WO 2011/ 156467PCT/ US2011/ 039595 was deerm ned by fl uorescence spectroscopy,
A CHO ceFttgih ture was used as control and. is subtracted as a. blank. The
results are tabuated in Table and depicted in Figure 8., [001401As shown in
Tabl e |1 {&Hd% n Fi gltesgd vhesesabesiubtisitdenbhof patie st itaseriaw us
responsi ve pol yner conprising of a fluorescence tag can he added to water,
r ender ed Thit meol wizes bys badilion (oficra wstidviduisd wade ssdllicdsican be separat ed
and the residual polyner can be detected by fluorescence spectroscopy. The

.resnitsyahsea @'@mﬂ&t\ﬁ@ﬁ eid-hedadyantageniif. TRl Qe hrdgsixdat i | .
poI) mer by applyMy a stinulus to S stimulus responsive floccul ent or

ah i dotitig 3 "*&Tom, iR h aAm» H |
E’Legggi‘“gsu{}' e %i kisGyh iﬁﬁ}aaﬁ 6*91' %ﬁtﬂ” LALd-al Rf?'é%{mzt %304(5328{( ) hllf ia

washed with detomzed water, The polymer was even fw hc:r punfied by the '.x:ziimzs-'utag
methad, The solid svas disselved n 3 Gters of 1 3 acetie actd with stirring. The total
volume was brought to 10 fitors with delontzed water and the pH was adjusted to 7.8
with drop wise addition of 30% MaOHN. The product was precipitated with addition
SO0 g af 2 M sodism phosphate and the solids was collected and washad with
detonized water,

LRI The resuliing solid mass was drigd in & vavuun over at 63 °C for 3
days. The dried pobaner was fozen with higuid nitrogen st groand o g fne powder
and further dried for §oday, The rosulting mass of the dey powder was 230 g A small
sample was dissolved in 1M ODUOOD /D0 and and HONMR spectra wis
pbtained, The H-NMR peaks wers integrated and the sroowst of benzyl modifieation
was deferrmined o be 33 %%

HUREH The rexuliing powder was dissobved o make a 10% wiw selution in

M apetic achl, The remudting soluiion was tested for sensitivity (o a nnlitvalont ton

41



residual polynmer filtrate tppril 0 0 ?3 no 0,0 (LI 1000 11 es 9.8
4000
WO 2011/156467 PCT/US2011/039595

stimsulus by drop wise addition of 2 M sodivm phosphate or 03 M sodium citrate to
Sial sanyples of Q8% polymer sohations. Upon sddition of the phosphate or otirate
fons, & white precipitate is observed, therehy indicating that the polyroer was
reaponsive o a multivalent anion stimalns,

Exsmple 13: Labeling of g bydrophebically modified pelvalivismine stimulug
responsive polvmer with a Snoerescence tag

LLE RN The resulting polvimer Som Example 11 was labeled with a

flunreseent tag by the following method, Zg of the sold polymer was added o 10 mib

of 1 M goetic soid and stireed wnt the solid s disselved. The resulting solution
volume was increased fo TG mi by adiition of delonized water. The pH of the
solution was adiusted 0 R.8 with addition of 4 M NaOH. A reactive dye solation is

meparasd by adding 12myg of N-(d 4-diflnore-1.3,8 Tetmmethyb-d-bora-3ada-diaza-

s-indacene-2eviHodoacstambde (BODIPY® SO7/543 LAY INVITROGEN] 1o tmbL
DME. Immediniely afler preparation, the resctive dye solution was added to the
pobymer solution with vigorous stirring. The reaction solution was rolated & 30°C for
1 howr, Mext, the solation was centrifuged and the supematant was decanted and

discarded. The red colored pellet was resuspended in S0mM potassiom phosphate pH

X

N

T and agitmed. The solution was subsequently contrifuged and the supermatant was

deoanted and discarded.

LR The red colored solid polymer way farther purified by dissohiug i

1 mb of 1 M acetie ackd, The resulting orange/red sohition volume was increased t

SO0 mL by addition of delonized water. The pH was adjusted 10 7 and the solation

as brought e a concentration of 3mM potassium phosphate by drop wise addition

- b

of 2 M polassium phosphate and 2 ved precipitate was ohserved, The purification was

repeated one more time and 2 right red solid polyvmer was recoversd and washed
with detontzed water. The red solid was dried nudsy vacuim at 30°C for 2 days



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

WO 2011/156467 PCT/US2011/039595
Finadby, 127 g of dried rod polymer was ground o & fine powsder and dissobved in
B acetic ackd to make 3 $% wiw solation

Example 13 Detection of vesidus] amounts of stimnlus responsive pudvier with

a
fuorescenss g
00133 Using 2 5 % solution of RODIPY 3075458 tagged, hydrophubiealty

mdified polyellviamine Bom Bxample 12, standard solution concentirations of 1004,

100, 1 1, and 401 ppm solids were prepared w detonized water. A Bnorescence

spectrophotoneter was sof al excitation of 307 nm and omission of 545 o

~

h

$pnnd,

itensity af 345 nm was recovded fr each saople and # standard curve was plottad, 83
depictesd w Figure 7,

(0134 I order (o determine the efficiency of polyvomy precipitation using 2
mutlitvalont anton stianthus as well as the conceniration of residual polymer, the

following experiment was performed.

{0135} In 8 ml detontzed water, 4000 ppan of the tagged polymer was
spibed. The pH was adjusted 1o 7 and the concentration of potassiurn phosphate was

hrought to 88 md. At ihis tme, 8 red previpitate separates and the vial was

centrifaged at 3000 rpm for I minutes, The turbidity of the resuliing supermatant way
determined @2 be 46 WNTU and the residos] polymer o the supernatant was determined

io be 44 ppm by flaorescence spectroscopsy. The supernatant was ltered trough a

1
N

«.4,.;
-.,k

polymer in the

322 mieron Drurspore Millex (MILLIPORE, 33 mn) and the residual
filtrate was determined to be 30 ppin by fheaorescencs specivoscopy. Notabdy, tus
gxperiment resaled in 9928 %6 removal of gl lovels of restdus! polymer tn water

with simple addition of @ stimubus, contrifugation, and filmlion

Ford

T3] These results demonstnae that g stimalus rosponsive polymer

Ko
A



rtO0 283.7 0.6 >1.000 no 87b, Exanple 15: Det.edion fluorescence isive
oKner taQed with
WO 2011/156467 PCT/US2011/039595

astdition of a stimudus, the solids can be separated and the residust polymer canbe

detecied by Snorescence spectroscopy.

o

Example {4 E}&z‘ermimﬁien af rﬁsiﬁmﬁ ;mz(smzt ni’ s;t%maim ms;:es‘;mive polvner

fOU137] Using & § % solution of BOUIPY SO7/S43 agged, hydrophobically
roodified polyalbvisonng from Example 12, stantard solutton concertrations of 1000,
163, 10, 1, and 0.1 ppoy sobids wore propared in detomized waler, A Huorescenog
spectrphotometer wis set with excHation at SO7 nm and envission at 345 mm. The
intensity at S43 nm was recorded for vach sample and @ standand curve was plotted
acvording to Example 13,

a0

Py

38} CHG cell cultare was prepavad using a mothod similer to BExample
11, Restdual pobymer fom Hevoulation amd precipiistion of the cell culture using 8
catonie swart polymer subjecied o 3 stimuhe was comparad 10 3 using 8 catontc

smart polymer with no stimutus, Pose of 11, 8.4 or .0 wiv of fagged polymer way

added to 3 mi of unclarified CHO coll enliure i doplicates o 15 mi conizal s

[O0139 Onie of the series of the three polymer concentrations was adjasted 1o
pH 7.2 with 2 M tis base, the potassiun phosphate conceniration was ingreased to 5O

wM by drop wise sddition of T M potassium phosphate and the selution was stizred.
The sodium phosphate and pH adjustment was performed in onder {o precipitats the
stinmulus responsive polymer along with s conplex of oells, coll debeis, unpunties,
residual polymor as woll as to Docoulate the solids and tncrease partivle size, The
second serios of three polymer conceniration are simply stivved and no stinmulus was
gpphied, The vial was contrifiged at 3008 rpm for 2 mumstes. The turhidity of the
resulting supsriugant was recorded and the supaomatants were filtered Bwough a 822

wivron Darapore Mitlex (MILLIPORE, 33 mm), The residual pobymer i the flate

4



[001411' LI "sing a 5 solunon of BCDI PY 507/545 tagged. hydrophobically

nodi fi ed polyallylam ne from Exanple .12, standard sol ution concentrations
ons of 10&0,2011118@;6710. 1. and 0,1 porn solids is preparedTius2adeiosssvzed

wat er . Cf uorescence spectrophotorret er .was set with excitation of 507
and em SSI on, ot r.ecorded f.or each sanple
s oy X R R st éxh‘Hﬁ‘l“e‘fé“”‘[loiﬁlzlz)( HO Cel |
cul ture was pre pared using a nmethod sinilar taq 10 The cell

cul ture WABHSIGRERT FHbEEREY S ‘W‘é@ﬁ%l fér».*aﬁmagirin@i*gﬁ%ggg e o aghiipriieEonl Py
507/ 545 tagged, hydro/ hobically nodified polyallylamne from Exanple .12.
The pH ofis f‘hﬁﬁt%ll 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

pot assi urT@>iT9§h§@$phat e.Asohneant Tablic havas QM. BEsctrhiudis gosmnbsitdnether was an
aggregation of solids in the solution. The solution was centrifuged and the

pel | et wagq@isGahdedve Jhensupernatants MaSoddchi@nede & 0lahi & Ruid2 m cron
Durapore filter (M LLIPORE) and the filtrate was col | ected and pooI ed.

[ 0014311 fitac0ly REGLEL By Aulibd Q-!,Ebépﬁ&'{%ﬁé QarARAYL %@tzm{%@%p U'tra Tina)
was packe ronat ogr aphy col um th cminternal

di anet er (D BA IENDUSTRIEES% @ %fl,nal bed hei. ht 011 ; w}e protein A
col urm WA EARFITED ! Wity BB E A i e YESF ﬁiéﬁ(‘:%'(tl me and the
flow t hrough was coll ected. The col umm was subse quent|y washed with . 50nmV
iris pH FOPRARET IS SRS IS O PO *%bﬂ*e@t%d’“ \m»tﬁ*u?ﬁéﬂwfa@wg\ ®lated with
5 colum volunes with 50 .nM acetic acid and the el ation pool was

col | ect e@tstzm@ﬁbmeéw*aamfmzsopmm ipsnceitosithedd fOr the elution pool and
fromthis absorbance, the yield was deternmined to be 97 percent via nass
bal ance, Finally; the colum was regenerated. with 0.15 M Phosphoric acid.
and the po@kewas col |l ected. The sanples were neutralized to pH 7.0 with 2.

Miris Base TO0I44TA T{uorescence spect rophot ogghgss Was set wth

excitati ongak. .+ Q}?&{H&n ang SSI QRy

(fs um a;sEﬁ&a'g%s%ns b pégéwk”z@ s
recor dEdnT.SL 3 *?&?3 TE' .@&3 reﬁi}.ii g\gg;yner Wag, au nti R Qitt{ i cel |
cul ture Stpet ||aL§a||L as i N &0

0.1 ;u}z} vas 9%

(4 4000 t}? ves L 211

0.6 i 58 s 273

4.1 Wee - 9 "o

O ng 4000 =0 1o 2837
G.6 SO > R0 8767

Example 15 Detegtion of 3 stimulos responsive pobymer taeeed with a

tae followinge use with g Protein A capture of a monocionyd
gatibody

from a clarified cell vultnre

41 Lising a 3 % soligion of BODIPY 3077545 fagged, hydrophobically
nuntified polyaiiviamine from Example 13, standard solotion concentrations of 1Y,
L, 10, 1, and G0 ppm solids s prepaved i detonized water, A Huoresconee

specirophotometer was set with excitation of 307 and omission of 343, Tho intensily

ps
L]



pool collected -fromthe Protein A chromatography .c.otorno, as shown. in
Table 111. The limt of quantification for the assay was determned to he |
0 .ppm IWORMHILBhs7results denonstrate that a .finoreseaoiryust@agnseds mar t
pol ynmer ean be detected in a cell culture .snperriatant a Id the residual
pol ynmer repoval can be ( %xl durin dovvns ream paanon  of {rge target it
dee. 0. | e 3t &bl @1y RegdahBlr@sdisseryig it § VERFFORTSE Y4 BITRH FOPIETE B ponsi ve
poi vire [ 00141rosponsive pol yner based on a hydrophobieall?,, nodified

pol yal | yEaminpl: Mas synt hesized Sinmilar to Exanple 11, The resulting pol yner
was | abeled with a biotin tag using the foll owi ng nethod, 100147120 g of a
5 % wfw sotidlzi on. of "+ 33! SetubendYhatdd npek yabdiykbsimbier wisgiool ecul ar
wei ght of 150,000 1:.)a was added to a 1000 mi " gl ass beaker quipped with a

nmagnet i ¢ 8t Py JHe M mz? \@:\‘A@ésﬂﬂ(}{xﬂﬁ‘sﬁg O 0% AllessRy (b waddidbiany of
dei oni zed water and the pH was adjusted to 9,5 bydrop wise addition of 4 M

NaOH. [ 0Q34B14 4, 8AE LN SpRb LT MOHEA BB HARLRIRARLS &Ryl 95 alipg 15 1y of

of the cell vulture was adjusted to 7.0 by drop wize addition of 2 M tus base, Mext 2

A potassiumn phosphate was added so that the fiml potassium phosphate
cornceniration was 30 mM. At this point thers was an aggregstion of solidds m the
sehatton. The solution was condrifuged and the pelict was discarded. The supermastand
was filiered theough a 00232 micron Durapors filter (MILLIPORE) angd the flrale was
collected wmd pocded,

HEERY: 1 mb of Protein A affinity clovomatography vesin {ProSep Ultra
Flusdhy was packed in a Ohanifit chromatography columm with a QUi oo internal
diamneter (DIBA INDUSTRIES) to o fnal bed height of 2.9 oo, The protain A

column was Insded o & density of 35 mgfmll 1g0 ot 3 minute residence time and the

fow through was collected. The column was subsequently washed with S0mM tris
pH 7.2 and the wash poot was collooted. Nexd, the Igl was sluted with § column

voshurrses with 50 M acetic seid and the glption pood was collected. Absorhance gt

280 nmy was recorded for the elation poo and frons this sbsotbanee, the yekd was

s

determined to be ¥7 poreent wa mass balance, Fionally, the column was regendrated
with (.18 M phosphoric said aad the pool was collected. The samples were
neuntralized to pH 7.0 seith 2 M tris base.

{01 ad] A fluorescencs sprotroplcdometar was set with excitation af 307 nm
and erission 5t 34% nny The ntenstiy al 548 nm is recorded for each sample. The

dual poelymer was guandified for the cell culture supernatant as well as for sach



XT" biotin Criodoacetam d.e (desthiobiotin-X C iodoacetam de) (1 NVf
fROGEN.) in 6 inL of Dinethylli..rmainide (DVF). The reactive hiotin

sol uti on wexoimsssrat el v added to the gl ass beaker cont acmiusgoitlogospi

adj usted 33 benzvl ated pol yal | yl am ne sol ution, Tberesulting .m xture was
stirred vi N§US|¥ heated to 7Q0"C. : atlgnﬁlntal\nd at tp condi ti ons
frn' | hoeiP™ “RExES FRE ‘ﬁ“r‘ f‘iﬁ?‘é HECHRCEEEY FOUEDoR § 6"“‘dbr}n *éager ature and
was diluted to " 000 m," with & onized water, The b.kninylated polynmer was
i sol at ed T éifb?r@eiﬂﬁi“ﬁfa«ﬁ“@ﬁ fwtt%méwd%e@dw&w%wm oARBE- 2 M sodi um
phosphate until no further precipitate was Cbserved. The .sol ution was
vacuum f iHiée] t hr oughs acsnbndovenificltter mtecimly apddteherigebickiwas
collected while the filtrate was di scarded. The solid pol yner product was

washed 106 8 dstecofd @l @i izadrombetuh QR34 Theuli et fngatedvaipioduct was
further purified by .dissolving the solid mass in 50 m of Macetic acid

over ni gmwIﬂﬁzrﬁgli'c'st\’u%a\(‘@%:r@ QGRG0 (fouokiipBa2 1 ers and the pH was
adjusted to 7,0 By a drop W se addition of M MOH, The biotinyl ated product
was isolated via precipitation with a drop wise addition of 2 M sodium
phosphatgkg%tkji& no further precipitate was Cbserved, The sol ution was
vacuum f i=F hr-ough-a--nenweven - ITV-mat-eri-al—ang the solid was coll ected
whil e the. filtra. eStias.discardediesitust Solimenigpmiashed 100 M of dei oni zed
wat er and pl aced ®M&ewwuwm oven at 60 C ovErhi ght, [00150] The resulting dried
bi oti nyl at eclf,\ggig)d;ukc;g“v«@g@@@aunj to a poydgr ar dissolved in | Macetic acid
and 0. 05rmplar "HO to- a-fina sC ncentr@gil KB Wi'w;f 00151] nder st ood t hat the
resultin Pwu Ry SEEE S el pel-yrer—edt-gdd-be-usedito floccul ate or purify
a targetinol Pé me}lggﬁi%mcpll "II|TIII‘P’\}ﬂr{W kBt.ein.contai ning feed. Once the

pol ymer {s &dded 4 Bepdrergebl cul ture @Lip‘ﬁb}[}m n_containing feed and a.

sti mul usﬂi&}@p&dﬂu&d Qudneiisgland mass could be separated fromthe

super nat antishysgpphidugataeniwfi-kbnagdaen, settling, any other nethod of
solid liquid separation, or any corrbl nati on of .these nmethods, Furthernore,
the clar |§ng§fgg§{y| N g SR Negk ;_}Bg%ﬁgr speci fi caIIy desi gned
for renova res F f guantification, Finally,
any residual biotinylated smart pol yner couI d be detected and quarthrl ed
via exi stigsiret hods. fioraldetgokingobndy Guadtifyfiwizgpiisbaniy batidddmohnt | es.
The detection and quantification nethods may include

avi di ni sypeRE@NhdicRedagaedsadel Selion Bifatiegl eShe rRGkMALBEnak kat egi es:
i nvol vi ng erVV|r|c reporters (cg., horseradi sh penxidase, al kal i ne

phosphat a&,@%hqurﬁ {ﬁ S GEM L PEOBE R Jhﬁmﬂﬁt ;ection and quantification could

al so be bnne: an |rmunoassay* suc as an ELI SA for .exanpl e,

[ 001521A anpl e ot X} detection F Lgcie SGence. jotin
Quantita ([;;ﬁg kit avalFdbre ¥ (\5‘t°fm‘“‘ﬁ-jll‘§% MO~ SE Eﬁfﬁ? Y%DH ﬁﬁ%"h\e‘r} exanpl e
of a detection kit that could be used is the Bi ot}| n ELBA. Kit from .ALPCO
DI AC NOSTResgreniar wetght of 130,000 Da was sddad to ¢ 1000 mL glass beaker equpped

with g magnetio stivrer. The volume was inereased to 200 mib by the addidion of
defontzed witer sad the pH was adjusted o 8.5 By the drop wise sddittion 0f 4 M
MaOH.

HEUENY A reactive hintin solution was prepared by dissolving 15 mg of DRB-
X hintin Cr-lodoaceiamde (desthiobiotin-X Ur-todoavctarnidey (INVITROGEN in
& mi of Dimethylformantide (DMEF) The reactive biotty selution was inmediately
acdded to the glass beaker containing the pH adjusied 33 % benzylated polyallviamine

solitien, The resulting mixture was stired vigorously, heated to TEU0 and maintained



1-.001531The specification i.s nost thoroughly understood in light of the
teachings of the references cited wthin the specification which are

" her eby iwoannposetsed by reference. The enbodi nents w t hipaTiuseo1gpaesps i cat i on
provide an illustration of embodinents in this invention and Should .not be
construed to |lim.t scope. . The skilled artisan, ¢reacLJ recogni zes t hat
many ot hét MEHpEHt ‘rﬁ?ﬁf’z afr}é”énéfbhtp‘\ SIRGHBY VR 1"i‘“r’r\/’é‘r’ft}?*o“\ﬁ AP publications
and inventions are incorporated by reference in their enti rety To the
extent t FapraHeraradeyisaliviaider pot Bt ettbyeiperet eice EntPEEIEEs or s
inconsistent with the present specification, the present specification wll
st . t per cedbnanyss rehtwhtiepialyitaThe wohtaktpriefudiynréfdi enbes herein i s not
an adm ssion that such references are prior art to the present invention,

[ 001541 Unhegsethal ¥ seuknghicalind walkbs b ehs sExpres st fucgugulingi ties of
i ngr edi ents cell culture, treatnment conditions, and so forth used in the

speci fi C@zlewsay 2 !;&ﬁw%ﬂﬁx&h@u%m@r 8o LD UNIRES %@k &% Debngugodified in

all instances the term "about,"™ Accordi ngI y, unl ess ot herw se indicated
to the cantra ! e 20111364 LS 9595 paraneters
are apprqm n%% on%“m(r}} gi\‘”‘“rrm“h de 'éin%]“ QQ{ C?-{ M'%QM“ \g'"%pr operties

sought to bt ain pres \\ |nve tion e s thervms .1 ndicated,
the ter el eact %&i@gm el wet iy ‘efé‘r‘réfﬁL@’ e B ik st ood t o
refer to every el enent .the series. Those skilled in the at wll
recogni z&ss grShel abl & wetiasvdrres HelisiThg SR UHBMES PRARR T SECioREnE
xperinmentalion, many equi valents to the specific enbodi nents of the

i nvent i od {desond bedithereidusiSheh’ @ui valyeniss addieon phé b etk ol tse
enconpassed by the fofl ow ng ciain [00.155] Many nodifications and

vari at i oB&tin@fuddhirSdidnven b Can phepiade: Withhalbp cdepdttibner 2fomits
spirit and scope, as will. be apparent to those skilled in the .art. The

speci fi c guhg L;GE‘;%%: lcm% it’}%ﬁir oheLALR B8uRELeE eg Ry WBY waf vexampe only
and are notir ant ting- in any way. It is intended that the

f ,
Sgggg '10 %iazo*”zba% Qﬁ@}kgz?ngv ezﬁ%?zgn gﬁ%ﬁ: &% ogxs‘%’mkg{aéb’i 39{1 ?}}h%t:.gwan;rue

Cainms Wiat s clai
Was dm&w il ﬂﬁ, %oi d was washed 100 mi of defonized water and placed fn g

yacuam oven af 60°C ov sramght.

'\4’

{0130 The resulling dried bintinvlaied prodect was ground fo 8 powder aud
dissolverd in | M acetic soid and 0.085 molar HU o a final concsuatratinn 3 % wiw,
EH IS It s wnderstood that the resulting otinylated senart polymer cowdd be
used 1o floccuiate or purify » targel molecule from g ool culiure or protern containing
feed. Onece the polymer 18 added to the cell cultare o pootain containing feed and
sty ia applied, the solid mass could be separated from the supematant by
contrifngation, Bltvation, setiling, any other method of 3olid iquid separation, ev any
combination of these methods. Furtherawors, the olanficod flud could be passed

through & flter speotfically desigasd for vemoval of residual pobymer belore or aller

quantification,



1. A nethod of detecting residual anpbunts of a polyner in a sanple
conprising a bionpicente of interest, wherein the polyner is used for
separ at i nyotzha/1s646mol ecul e of i nterest from one or noDrePCEASROTIBESIS t he
met hod conprising the steps of (1) con acling the sanple with the polyner,

V\,herelnthe tedW| d (2 etecting the tag,
wher ot n FRE Srtievidrd pRgaE ARl b fo b v SR st Al R T est S
poi )111/-_ in the solution corrprl sing. the bionol ocul e of interest.

2. The nEtioes BEeHaimoniEr wormenporpiritdaas vodated w tehream
coligornitAeotidQ tag, .3.The nethod of Claim2, wherein the

ol i gont i shégtdndidicriay: huthddt et pdlnds inginrirampykdititoged dricrteact i on.

The nethod of claim 3, Werein the anplification. reaction conprises

addi ti onspfie@es efcinfinpriraBls: ioadablenofuhypntici:zi pg htesklien5' and 3 ends of

the .oligonucl eonde tag, 5. The 'nmethod of claim2, wherein the
oli gonacl;@@t\g\gg tadiks p*%ﬁ?«@ﬁé@ etdﬁm\/é'*éxt?i*ﬁaf‘oibﬂpti% u@@&ﬁ%ﬁlﬁ a fluorescent
mol ecul e’ or a radi oactl ve nol ecul e, e: nethod of claim2,

wher el n i et 6011 AD. 8L 80 &%R%&iﬁéx in 9&,@5@, | diALLQN 8acE i on.

7. The nd catl on reaction conprises
use of a | abel ed probe The ' net hod of cI aim7, wherein the | abded ?robe
conpri se§* 4Bt ect abl e

o052} An example of a detection ki tneludes the Flunrescenpe Riohin
Quantiiation Kit available from THERMO SUIENTIFIC, Yot another sxample of a
deteetion ki that conld be nsed ia the Biotin BLISA Kt from &LPCH
PEAGMOSTHS
ELU RN The spectfication i most thoroughly anderstond 1o Hght of the
tourings of the references eitesd within the speeifivation which are horeby
tnporporated by reference. The embodiments within the specification provide an
iHastration of smbodunents i this nyvention aud shookl et be constrind (o mit ifs
seope. The skilled arfisan readily recognizes that many other embodiments are
encompassed by ihiy inveation, Al pubbcations and inventions ave nvorporated by
reforance in thelr entirety, To the axtont that the material incorpersted by reforonce

contradicts or is ponsistont with the present specification, the present specification
“will supercede any sach material. The oitation of any refovences herew s not an
admisaion that such refirences ars prior art to the present invention.

O] 54 Undess otherwize tnficated, all nombers expressing quantities of
ingredionts, ool cultare, ireatment condifiony, and s forth used in the apecification,

noluding elaims, are to be understond as being modifisd in all instances by the tenn

“about.” Acerdingly, noloss otherwise indicated to the contrary, the smumernical

48



dye. 9. The nethod of claim1l1l, wherein the pohoner is associated
with the oligonucleotide tag using coval ent attachnent. 10. The

met hod ofwol2aimsg467wherei n the anplitication reaction cegpriss@3/opmsbyner ase
chain reaction. LI.The nethod of claim?2, wherein the oligonuel eotide tag

conprises a length selected fromthe group consisting of .10 nuel eotides,

15, "nucl dBLFHRST 20V RIS Obteraalt 58 YAt PaYT He st ge RERIES AL 35

nucl eoti des, 40 nucl eotjdes, 45 nucl eotides, 50 nucl eoti des, 55 nucl eotides
and 60 nEErRBES %gi?lmenm by the proseni iR ESHERN OUISE CHISEV RS ?-‘,‘i"-"iﬁ'i;‘é‘r gisﬁerf.@'he

ol i gonuei eotide tag conprises a |length of 60 nucleotides or |ess than 60
nucl eot i desigast” precesdingi8s scThe ofreiehodts of lodicalndibodwh&ieitn sehE coitsgdnucl eot i de

tag conprises a reactive group at the 3' end of the tag. 14. The
met hod ofis €lkeaionivsl 2V howh @aBidintthe sl kgd recopciot i déc ity e owpriisesing rweact i ve
group at the 3' end of the tag. 15. The nmethod of claim 13, wherein

the reacthue dohouRilSxp6H oMl f£0M:Ay GHOMRE AN HaShige 8hb&iilakagen group,
an epoxy group, hydroxyl group, an am no group, a sulthydryl group and.

car boxyl @OUt )usiny mm%}c&%zﬁbe\u@tfglg%@ﬁ&ix%ﬁff‘@'13&4& tﬂ%%&@&ﬂg&s@&i Leactive

group is selected froma group con tinga hal ogen group, an epokXy group"
hydroxyl gro .an.amno group, a sulth:ydryl group and carboxyl group.
17, The né}fﬁh@’ge%fn@cﬂiﬁﬁﬁ 15, wherein the reactive group is further

[0158] Many modifications and variations of this nvention can he made
swithout departing from s spirtt and scope, as will be apparent to those skilled in the
art, The specific exubodinunts described heretn are offered by way of example ondy
and gre pod meand to be Brvting i any way, 1Uis intended that the spestfication and
examples be considered ax sxemplary endy, with g troe scope sod spint of the

mvention being indicated by the fullowing claims.



The met hod of claim 16, wherein the reactive group is thither nodified.

19. The nmethod of claim1l, wherein the polyner conprises a reactive group,
The net howloabiicisedem 1, wherei n ol i gonucl eati de tag conpPCTAS2@ 1/08959%
reactive group and the polynmer conprises a second reactive group, and
wherein the first and the second r G ﬁve groups are covalently attached to
each other, ":"The nethod of claim% ol i oonucl eoti de tag not associ at ed
with the polyner is renoved by purification, The net hod of

cl ai m 1, wwhereiinntdies-hi onol ecale is stdected fromthe urn up conssral:),
r,f proma an anti body and a vaccine, 23.The nethod of claim 22., wherein
t he anti body is a nonoclonal. antibody. The net hod of claim1l,
wher ei n the oI i gon&ckfsémdd@ tfagtmmmdgefsmtzweasévwewééﬁ%étn fooRem$ n SEQ | D
comor secouhger dorrteRlug lited: wIPERENR b s s ERF Sl 0

structur af.mzﬁmﬂheu;ma_thd .r@a‘n @leady rﬁzdsie b eredsnit hestodd gomuahaoth bde;g:st ag

conprlses a .
oft {1} condacting the swaple with the polvmer, whereln the polymier i asw

FYy

aded

with o tag; and {2} detecting the g,

wherein the anwunt of tag detected is indicative of the amount of rosidual

polymer in the solition comprisiug the bomelecule of intorest
2. The method of clatm 1, wherain the polymer 15 sssociated with an

sligenucieotide tag

X The method of claim 2, wherein the ohgonacleotide lag s detected
using
w amphiffcation reaction.

4, The method of clatm 3, wherein the anphification reaction covmprises
sddition of a set of primers capshle of hybridiving o the 3 and 37 ends of the

oligonuciestide fag

s The methed of claim 2, wherein the sligomucleotide tag s mssociated
with a hapten molecule, & fuorescent molecale or 2 radioastive micsleoute,
6. The methad of clatm 2, whersin the detecting step oomprises & non-

amplification reaction.
7. The mothod of claim &, whereln the non-amplificetion reaction

use of a labsled prohe,

3
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nucl eoti de sequence free of homopol yners of four or MOM bases in | ength.
The method of claiml, wherein the pol, Ther is poly(4-vinyl pyridine), The
nmet hod ofwol2aimsé467wher ei n t he pol yner is ponaIIylaninecTHSmﬁhmsmmshod of
claiml wherein .the polyner is polyvinytam ne
2011/156467PCT/U82011/039595 . 30, le/netq 9 of claim.l , wherein
the polyner is a stitRulgdiofedpsHditveé ﬁﬁFVWéﬁ““gﬁ&*“ PE0E PREPHEThSd of
cl ai m 30, mberei n the stinulus responsive polyner is responsive to 2 Salt
StiML111. D) The met hod of claim 30, whcirein the stinmulus
respon5|m@mpolyner is responsive to a pH stinulths. .33. The nethod of claim
|, wherein the polynmer contains primary am nes and a hydrophobic portion,
34. The method of claiml, wherein the polymer is polyvinylarnine with |-
80% of its anignes oouakGRLd Yo RRGHS | e&d?n%&zht\;@f}m@sﬁ&"fazk' B AEAAN w185k The
.inethod of claim30, wherein the pol yner is responsive to a
aligonueloostide z‘ag uxing eovalent sttackenent

Y The method of olaim 3, wherein the amphification reaction eonprises

polvmerase chain reaction,

{1, The method of claim 2, whersin the oligennclectide {ag comprises 8
ety selected from the group congisting of 10 pucleotides, 13, nucleotides, 20
nuclectides, 25 nucleotides, 30 puclentides, 38 nucleotides, 40 nuclectides, 43

sucleotides, 30 nucleotides, §3 nucleotides and 60 nucleotides,

12, The method of claim 2, wherein the oligonucieotide tag comprises a

fengih of &0 neckeotides or loos thay 60 nucleotiles,

13, The method of claim 11, wherein the oligonoclentide tag comprises &

%

regetive group atthe 37 end of the ag.

fod of cham 12, wherein the oligonucleotide tag comprizes 8

fed

s
-
e aad
tnne
heced
et
5
£t
bt
et
.w\.
”u

resclive group at the 37 end of the tag.

15, The method of clatm 13, whoerein the reactive group is scleoted frowm a
gronp conststing of a halogen group, an spoxy group, hydroxyl group, an amibo

groupy, & sulfhvdry! group and carboryl group.

16, The method of claim 14, whorsin the reactive group is seloctud frony o
group vensisting of o halogen group, sn epoxy group, hydroxyd group, an somo

groap, a sulfhnadee? group and carhoxy! groug.

17, The methed of claim 15, whergin the roaclive group is further

modified.

1 j ¥
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mul tival ent ani on stinul us. 36. The nethod of claiml. wherein the
detecting step conprises an | nnnunoussay or ELI SA 37. The net hod of
cl ai m 1. ,woherigisserhe pol ymer separat es the hi ot nol ecul PcT/uskolits®spest from
one or MOM inpurities by binding and precipitating one or nore inpurities
in a 8anpie conprising the bionolecule of interest and one or nore
inpurities. 38. The nethod of clain, wherein the polynmer separates
the . biornol egsl e fcimb@testi LLaM dNEewOLreDRB: | WUkt pespby hirtding and
precipitati ng the hiornoleenie of interest. in a sanple containing the

hi om ol eBWIEYEf i nterest and one or nmore Onpurities. 39. The net hod
of claiml. wherein the polyner is associated with a fluorescent tag or a
radi oactive tag or a hapten tag. A nmet hod tbr deeding

resi dual anounts ofha mstthlibiisiimespohsivetipopyimmer wsegrion sepatiati ng a

hi onol ecul e of interest fromone or nore inpurities, the nmethod conprising
the steps of E¥¥ () contacting a solution containing a bi onol ecul e of
interest and one nore inpurities with a stimulus .responsi ve pol ymer, where
the polyner is associated with a tag such that to forma. conplex of

pol ynmer and oﬁ% or E%ﬂ@f‘i&mbm&i itk §; wherein olgRpug aﬁipltyfmgﬂ@%ﬁq\nmii}é to the

sol Ut i on,  Lher sby, 0. BEEC Rl LALE Lgs SOMB ool e LSIRYIAShhGHREEC! PI tate

first and the second reactive groups are covalently attached to sach other,

21 The method of claym 1, wherein the oligonuclentide tag not assoeiated

i

with the polviser is removad by punifivation,

2} The mothod of claim 1, whercin the hiomoleaule is selected from the

gronp consisting of a profein, an antihody and & vacopine.

23, The method of chum 22, whorein the antitodly s & mwonovional
antibody,
24, The methed of clatm 1, whergin the oligonuclestide tag comprisas the

secpsnoe aot forth 1w SEQ D NI

25 The method of cham 1, wherln the oliponucioniide fag comprises a

nucheetide spguenee prodivied o be free of secondary structure,

6. The methad of claim 1, whersin the oligonuclentide tag comprises a

nucleotide ssquence frep of homopelymers of feur or more bases in length,
27 The method of olatm 1, whereln the podymer s polvf{deviayi pyridine}.

28, The method of olaing 1, whersin the polvimer fs polvaliylanine
28, The method of plaim §, wherein the polymer 18 polyvinyviamine

()
¥



(4) detecting the tag in the solution containing the bionolecul e of
interest, where the anmount of tag detected is indicative of the anmpbunt of
resi dual wol2ynmerseé460 t he sol ution conprising the bi om0 eealrasediliosdses est .

41. The et hod of cl ai m 40, wherein the sti mul us responsi ve pol yner contains
primary amties ari obi ¢ Ll . methed of claim
40 wherein the§st| ni‘ulf‘ ﬁ‘sﬂx‘}gbpmﬁi%/e RQT 1(C”lgéméis“s‘fo?:|‘1z§ '8 ‘éfﬂl i thl‘gQ

. fluoreseeninsbag or a radioactive tag or a hapten tag, 43. The met hod of

cI aim 40, wherein the stinmulus responsive polymer is responsive to a

mul ti val ent an| on stimulus, 44..The nethod of C aim 42, V\,her ein the hapten
tag comprises bl otid.-mdR The ARt hadak.6l alcm Agmvm;agf\ fe.detiecting
step conpri ses use %USA assay det ecti ng

resi dual rapousitsioof salt.stistuiurul us responS| ve poI ymer used for separating a

hi onol ecul e of interest fromone or nore inpurities in a solution., the

nmet hod conpri sing the steps of (1) contacting a solution. containing
a. hionol ecul g;0f hinterasls aNHRNCCOKLARNE RG] 8SooMshl Righénul US
responsi ve polyrrer \:vnere the polyner is associ at ed with a tag and where
t he pol ymEpoforng ic;tiﬁrpili‘@x@és with both the No/nica:le of interest as well as
the one or nore inpurities under a first set of conditions; (2)
adding a stinulus to the solution, thereby to precipitate the conpl exes;
(3) subjecti ng"themeeﬁtwgt@tmmﬂ%awsmmda setyaf coangth transy alheseby to

selectively elate the hionolecuie of interest from t he conpl ex; and
and 8 hydropshobie portion,

34, The method of claim 1, wherein the polymer is polyvinylanmng with T

20% of Hy soines covalently modified with an aromatic growp,

35, The method of clam 3, wherein the polymer is responsive io 8
multivalent anion stimulas,

36, The methed of vlatny 1, wherein the detecting step comprises ay
Immnnoassay or BELISA

370 The methed of claim 1, wheteln the polyvinor separates the biowolecnls

of fiterest from one or movs fupurities by binding and precipiiting one or mnre

wpurities in 3 sample comprising the biomolecnde of inlerest snd one or maore

mparities.,
38, The methoed of claim 1, wherein the polymer separates the biomedecule

of injerest from one or more inymarities by binding sl provpiisting the biomalegule
of interest in a sample vonlaining the blomeoleenle of inlerest and ong oy more
impuriies.

39, The wmethod of claim I, wherein the polymgr s assoctated with g

faoreseent tag or ¥ radipactive tag or a hapten tag.



(4) detecting the tag in the einate containing the blonmQO ocuic of interest.
wherein the anmount of tag detected is indicative of the anpunt of residual
pol yrmer iwotha/sbasat es 47. The nmet hod of dai m 46, wher ei rCThEs20matobezds f urt her
conprises a washing step between steps (2) and (3).

40 A method for detecting residusl amounts of & stimulps responsive
polymer used for separativg a biomoleoule of imerest frony one o more Unpurities,
the mnthosd comprising the steps off

{1} contacting a sclubion vontaining @ homcdectde of mderest and ome maor
impurities with a siimudes responsive podymer, where the polyver is sssochated with g
g, such that 1o form 8 conypex of polymier and one or more impariiies

{27 applving g stimming o the aﬁ.}iu‘iim‘i, thersby i precipitate the complex

%
&

{3} removing the precipitate frem the selution; end
{4y detecting the tag n the schation contaning the blomolenule aof mterest,
where the anwmns of tag detecied s indicative of the smoant of residual pobymer in

the selution comprizing the bivenslecnle of tnterest.

41, The method of clabm 40, whorsin the stuneles responsive polyimer
coOTHAnS primary amines and & hydrophobic portion,
4% The method of claim 40 wherein the stimulus responsive polyviaer s

aszociated with a flusvescont tag or a radroactive tag or & haplen g

43, The mothod of olgim 40, wherein the stimulus responstve paly

responsive 1o a mulifvglont anton stinnlus

44, The method of elabm 42, whereln the hapten fsg comprises hiotin,

A5, The methad of olaim 40, whoreln the detecting step comprises use of

48, A wethod for detecting restdoal ameunis of o sthwadus responsive
pohymer used for separating @ blomolecule of tterest from one or more mpuribies
3 sofution, the mothod pomprising the steps off

{1} confacting a solution containing a biomwiesule of inlerest and ooe or more
Prpurities with a stimulos responsive poebemer, where the polymer is associated with a

fag and where the polymer forms complexes with both the bomelecule of Interest as

E

v
‘-

well as the one or more impagitios under a fivst st of comditions;

{21 adding a stimulus 1 the solption, therely 0 procipitate the complexes;

Ly
¥4}
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{3} sabiecting the precipitate to 8 sccond sst of condibons, therehy o
selectively olute the blomolecule of interest frory the complon and
{4} detecting the tag in the chuade containing the biomolecnls of frferest.

wherein the anwunt of tag detecied s indicative of the amount of residual

polymer in the sluate,

47, The mwthod of clatm 46, whereln the method further comprises g

washing step between steps (23 and {3y



