METHODS FOR QUANTI FYI NG PROTEI N LEAKAGE FROM PROTEI N BASED AFFI NI TY

CHROVATOGRAPHY RESI NS Rel ated Applications [0001] This application clains
t he benefw0 20fo/@o3erity of U.S. provisional patent appl ipcatisesnosesisal no.
61/ 192,082, filing date Septenber 15, 2008, the entire contents of which

are incorpor -y ’I‘Eﬁﬁi e SRA pROTEGN the
| nvention [ OBY9Z ﬁggb%ﬁrmk?&&jﬁ%ﬁﬁsgg&g rRor quanti fyi ng
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protein | eakage fro et n TTIT Ly CHT OITet 0gr aphy resi ns
including, but not limted to, protein A protein G and protein L based
affinity c ma h i ns. Back P [ ffini
chrlomlat ggrh a%te‘tlg%ﬁpa%ngem ns ackground [0003] Protein based affinity

HPPAEANG dely used in purification of protein, DNA and

'JI
ot her chem and bi gl ogi cal .nol ecul i n.vari.ous es. .ranging from
| abor at or y,[&g(}ll]ot to %&’5%83’1“?38?1“ %lﬁﬂsé‘ﬁe.sb%ggt,(’%@p&r.‘t,y omﬁ%vésﬁonél? al .,
| mrobi | i zedyafhf igplitatiok iséando. B2 AN j0GRIEing Asta Sepiembdres3008| the entBan Di ego, CA,
pgs. 317-346 (1992).. Anong them Erot ein Aﬁéﬁpr'Aﬁﬁ' praotein G (PrG and
protein L (%PEptsghybigharrnearparated POIFETERSE SpRIP 1P OETFO" SR wel | known and
wi dely used nmethods for detection and/or purification of imunogl obulins
(1g), however, they each have different specificities with respect to
bi ndi ng | g.Figldefithe Ingentionoxanpl e, Pr A based reagents have especially found
a widespread use in the field of biotechnology, e.g., in affinity
chr omat ogr df®2]f or capghepesenh inveutranielaigs fq)rﬁetgqadsg%qu@%ﬁyglg PEdefRe| | as in

ant | body A&t gaLd Bn BRIEIR H3ea Mokl RS HatosRibfly RARE thoflalrigNbivhorBidiidy of resins

probably are t ely used affinity nedia i sol ati on of

nmonocl onal tamrptomdh.asoteind ardaireteinraepsedhafénity JuematpgraplrtesiBanpl es i ncl udi ng
cell culture. Accordingly, various matrices conprising protein Aligands are
commercially avail abl e including, for exanple, ProSep(r)-vA Hi gh Capacity,
ProSep(r) vBadietaumdand ProSep(r) UtraPlus (MIlipore) and Protein A

Cooner oSyt o b ARk WAL he0Sel ot
Bi osyst ens)pusifidatBarof piuitain] [N At anidother (lsari¢ad pidigdloSigatmaslycudds in Magioupvent i on
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al., Immobilized Affinity Ligand Techniques, Academic Press, Inc. San Diego, CA,

pes. 317-346 (1992). Among them, protein A (PrA), protein G (PrG) and protein L

(PrL) based affinity chromatography resins are well known and widely used methods

for detection and/or purification of immunoglobulins (Ig), however, they each have

different specificities with respect to binding Ig.

[0004] As an example, PrA based reagents have especially found a

widespread use in the field of biotechhology, e.g., in affinity chromatography for

capture and purification of antibodies as well as in antibody detection methods. At

present, PrA-based affinity media or resins probably are the most widely used affinity

media for isolation of monoclonal antibodies and their fragments from different

samples including cell culture. Accordingly, various matrices comprising protein A-

ligands are commercially available including, for example, ProSep®-vA High

Capacity, ProSep® vA Ultra and ProSep® UltraPlus (Millipore) and Protein A

SepharoseTM, rmp Protein A Sepharose Fast Flow, MabSelect™, MabSelect Xtra™

and MabSelect SuRe® (GE Healthcare), Poros MabCapture A (Applied Biosystems)

and Sartobind Protein A (Sartorius).



A, G and L based affinity chromatography resins, are highly desirable for
the purification of analytes or nolecules which bind to them e.g.,

i mmunogl ovol2or3039g) in case of PrA, PrG and PrL, one diramhmesoiossithe

| eakage of the protein, e.g., protein A, Gor L, fromthe chronatography
colum along with the analyte or nolecule of interest, e.g., an

i mmunogl obul i n. For exanple, protein A based affinity chronmatography is

hi ghl y desi $wabinary of the Imvpetiewal e purification of antibodies, e.g., because
of its ability to specifically bind antibodies at high capacity and for
achi evi ng h[OgOﬁ]puri ty Alhmmgu@rqteih bm&eﬁﬁnﬁyﬂ;romewgmsby whins,tesg. ppteini ol ogi cal
activity an suaIIy C ndeslrable
impurity i ng 8 oérfalﬁ'ﬁaé’ Y RT3 oY ﬁléﬁv%e?lﬁglse%nnlé aspects of the
present i nVﬁﬂIﬂcgﬁbn dftanali}tedeﬁhdilahﬂ@ vitochBand foQhenbred. |1ﬁﬁkﬁg§oblﬂﬁhs dgy i rrat ely
renove it in subsequent chromato st e For. exa one way t

mini m ze Pri&pedge i§ at“g Pileonp ﬁ“rgééﬁ ’F\Q‘eaﬂ"ﬁkw RN Qfﬂgmt f&> PO am)unt
of PrA | eakggg of LOofo@ tmhedmtt@@mpwmmlawﬁ@ withaBOsdidgbymoledulsefite aspect s,
the methods of the present invention nmay used for dentifying protein

based affi ninfegieséHtgor?ﬁtl‘é@t“a%‘gbulhésF?Fsex?‘ﬁB]FLHP'i‘?ﬁ‘AB%FF A %Yinited to, PrA
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anount of | eakage froma chr omat g\g{lma hy col um. Such protein based affinity
chr omat ogr abtguseefitnabilitide sreeifiky aibpdiesal high|cppagity f‘%@é ARGV ey be

devel oped | m)gﬂg tgt}&oWeeer 29Q8 P A vRERRESF iRfowH A YBBA1aBIAH dhmunosor bant

Assay (ELIS screeni ng assays have been devel oped for detecting PrA
| eakage f r otexichiogyratodid; &pﬁyﬁlb@bumed JHoweGsiable iRyt in dthese assays are

qual i tati Vem&r&gr@gfoﬂ{lﬁn ange. gﬁ %ly 1&%%&5&)?&5 Mtﬂéﬁ%se\‘@fn‘v@@hh'lﬂé (e.g., >

25% to be s e as an an too or elegr;g for providing a
conpari son ddsirfylAtdyaestbr BfA lenkatgy anmulum@bglealpwltr i?ﬁslueﬂtdentl fyl ng resins
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rnity c romatog phy and t he
subsequent febmowhtchgxlapinﬁxesld)xeqss.am{nﬁmmrAHbd@geﬁclamtchI@géog’n@h& been used

w dely in bigchem,cal hem cal .r searg au f. tivity and
sel ectivity® 03 cf‘%ﬁoé%m ’tlH SRR FPELY L erlci‘?)rodesxgﬁ1 éaseﬁﬁl I&}gﬂj% El'el n A from
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't or mat | onimUEde; PHGEEG ARORT Bt 45" Rt oo aRy any tat Peb e

i nf or mat i onjowRstGmouht6¥ leakage from a chromatography column. Such protein based

affinity chromatography resins include known resins as well as those which may be
developed in the future.

[0006] A number of Enzyme-Linked Immunogorbant Assay (ELISA) based
screening assays have been developed for detecting PrA leakage from
chromatography columns. However, most of these assays are qualitative in nature
and generally exhibit a higher variability (e.g., > 25%) to be suitable as an analytical
tool, for example, for providing a comparison of PrA based affinity chromatography
resins, identifying resins that exhibit the lowest amount of PrA leakage and for
monitoring leached PrA in antibody elution pools after affinity chromatography and
the subsequent chromatography steps.

[0007] Fluorescent tags have been used widely in biochemical and chemical
research because of high sensitivity and selectivity associated with such tags. For

example, leached Protein A from affinity resins has been previously detected using



anount of |eached PrA. See, e.g., Carter-Franklin, et al, Journal of

Chr omat ography A, 1163: 105-1 11 (2007). [0008] The present invention is
di rect ed,weat20108m8393i n part, to quantitative methods for PdeEtuseaones1p2 ot ei n,
e.g., PrA |eakage fromchromatography nedia or resins using, e.g.,

fl uorescent 4t ' [ j . iability
of I cas.t nafoEge L8R RELRNENINAR AREAHER, BE G huRt

chr omat ogr apifiyrmaten, iz \dhtectipne iy dvi ot prowide emeguantistvininfaymatignielge flicage.

[0009] In one a a ding to _ nt j ﬁpii for
quanti fyi ngarﬁ?'ﬁﬁBg%é%{jﬁgﬁ%‘o%&ae@f ggﬁegspg%&zlﬁ’ﬁt ﬁ{?%; C 1r0 g?r%rtoglga@{ro ;ﬁ/gr esinis
provi ded, whAet 3t h@S-hHt@0V)conpri ses the steps of: (a) |abeling the PrA

based chro aphy resin w th one or..nor | uorescepnt t ;(b) dividin

t he | abel egﬁiogg{ n int o—ﬁbecﬁ.’i%ﬁentfweé‘f‘méﬁdhrg%ggﬁ@e?osg%nt%a;rt ’ %c%uaat%%%‘ﬁ ng first )
part w th suicthabd fr dBadiing peoteir] SASEAL Rekdga frematirdiiddodraphynidiéa sresi n and

addi ng an excess .anount_of lg to the second. part; (d) .measuring

fl uor escencéps’(“?EﬂPéésgt’)ﬂu&ﬁ’dce%F ﬁg%(}ﬂﬁt@ﬁ‘fsraﬁf‘?r@ﬁg ek &l‘%:mfornoeﬁﬁ]ﬁ’ﬁéq treat ed
resin in theadabilif of8stthdn 094 &R € dspeddll; sudbleasdehiifythgTeai n 1 g el ution
concentration ([1g]). and fluorescence signal in an lg eluate (FLIg) from
the second BaPmatographysrssipg yhichyexhibit fe doweshameymt ngrﬁ‘dgﬂiag?'i ed by cal cul ating

{ (FLi 9)/ ((Floodbpest) / [1Rrofk hipebd Stordin@ BLAL plefen@ iREHRN, amRAGE faccording to
t he present invention, a nmethod for quantifying PrA | eakage froma PrA

based af f i nAeantifingoPrdt lstfeap FymradiArpaped abimity| cheaategranty resfbls REXVISE: conpri ses
the steps Ofyhededle hh&d %@%rfg%%t}lﬁ ét@psllﬁ*fs(ﬁglaﬁafng @f?ethtﬁrl%f@é?i}/chkﬁﬁait ¥pryh one or

nmore fluorescent tags; an excess anoun lg to the [abel ed
resin and neasuvitheperasgiore flgprescentitams; bbdividingrteg Jabsled repigpnto saupl firstior escence

signal in a 4%@3"{%&%(&)':&&?%%5{5?159& With SfSbIE #egﬂtog‘%%giﬂggaﬂef‘eﬁiﬁﬂal g from

the resin fo reat e resin wth suitable nmeans to rel ease the
| abel ed Pr Afibmghe tehio anégdding amrkeésd pmoertof id tadhef secandepatie(de megmpigg gest ) and

quant 111 od Byoearest GHiY o PR Bl BBA MOl Ry R A raf ™ B8R0, 7.
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BPTEe siarelBen dnet el ad JEL M RESI th G eGP i |

[0012] Acco accordin & Invention, a
leakage is quantified by calculating {(FLg)/((FLaigest)/[PrAD}/[1g].
[0010] In another aspect according to the present invention, a method for

quantifying PrA leakage from a PrA based affinity chromatography resin is provided,
where the method comprises the steps of: (a) labeling the PrA based chromatography
resin with one or more fluorescent tags; (b) adding an excess amount of Ig to the
labeled resin and measuring resin Ig elution concentration ([Ig]) and fluorescence
signal in an Ig eluate (FLj,) from the resin; (c) removing residual Ig from the resin
followed by treating the resin with suitable means to release the labeled PrA from the
reéin; and (d) measuring fluorescence (FLdigest) and PrA concentration ([PrA]) from
the treated resin, where PrA leakage is quantified by calculating {(FLig)/((
FLuiges:)/[PrA])}/[1g].

[0011] In some embodiments, methods of the invention are used for
quantifying the leakage of protein G (PrG) from a PrG based affinity chromatography
resin.

[0012] Accordingly, in yet another aspect according to the invention, a

method for quantifying PrG leakage from a PrG based affinity chromatography resin



met hod for quantifying PrG | eakage froma PrG based affinity chromatography
resinis provided, which conprises the steps of: (a) |abeling the PrG based
chr omat ogwaphw/a3e®3n wi th one or nore fluorescent tags; PCo)USdéogioaiinyg t he
| abel ed resin into equal first and second parts; (c) treating first part

W Lh St abL5RRASHith LR SRASNE Epd AO6) REIRL G FRBAbRGRILANY adding an

excess anmoun {0 the secon asuring fluorescence
( FLdi gest) msid “ﬁlth@nconmemtfhlatqsmt @ER(g)|divifing thetlsteladrredin witp eqpsifirsi n t he

f
irst part ﬂf& ] &%9 gﬁ%&@%@%ﬁ%ﬁ sﬁg?bgeg@wl(s ,ggre? oS hONLGENBRAT r at i on

([1g]) and Jores&enc fromthe second part
in step (c)fromAtl&rr&euPax@ dddaigagexczass guamt pf g theyseaali cpaﬂt &) mepsuring

{(FLig)/ ((FLdi est 013 n met hod
for quantif ‘i‘or’i %;(I% %é}“k{é l?j'g"]%n%‘in rJo(élLrg;&yi‘%%nrlg’ngf otggé%ﬁgg?ﬁey ﬁt conpri ses
t he s]E Fps Opart i 3jep I(@Joaaidl(g)gnédgm@renb@adtuﬂhroﬂmtrmmna@]g}b anésin with one or
nor e uorescent ta unt .of Ig.tg t abel ed
resin and n@%ﬁ?%@gﬁgﬁ%&%‘)”}% g‘faﬁetg Fgf*i)g 2@% PR |p8ﬁ 1 ft%% Vf%l)ff’i’\&ehﬁﬁuorescence
;slh gnal in ?@?%age @g;ugﬁtﬂieeIB!;Llcg)aulﬁﬂh%ng(m@/(uesdgg;)/[ﬁre))}A{@]rov| ng residual Ig from
e resin foll owe ytreatln t he resi t I th
| abel ed Prd%tm t he rBFLFNOBELSPLP: arf%‘%{g‘lﬂ'\,\'liloﬁ@‘aflf‘t}'&gflsrgé age'(siff‘l’_rgl grg:s'??sﬁd ©
PrG concent pat b0 dhirdthdabgrapty@sid E@nﬁﬂs@@ﬁh@@teﬁsﬁc% ) labb1aipahd PG basekage i s
quantified by calculating {(FLIg)/(( FLdiges,)/[PrG)}/[Id]. [0014] In

still furt héyoraspgaphyesyis WithopseaosAluprrecentioasn (b GATIRE an excass ampunt

quanti fyi ngyfhe, I!h@%@gg r&fn 0 MHeabRink IéSIIDI{ LoeldtiofRbeMidioReY ard fi ni ty
chr omat ogr th resin. 0015} Accordin , in yet another aspect according

to the inverudremenca sigatliimen fesiuaiudie) grymﬁ@e 1opi[; @b@ﬁ@g@gﬂf%ﬁablgrfm based
affinity Ch&‘é’?%hﬂ%ﬁﬁ?%ﬁ’bgg hﬁgr I8 rOVIIG S eGhs (6 98BIsE BRJathA peGeps of :

(a) | abeling omat ography resin wth one or nore
f | uor escent fromgss; regity)and ( )inagauyingforeserare FLaes) andiPaE gorggu@ation; r st and

second part &?}Cg%%r?thlﬂ?eaééa&q régn{ $h %q;rb lggkta%b i3 gh&ﬁ%b@%ﬂ@ﬁ%ﬁatﬁ% rel ease the

| abel ed PrL e resin and ad I'ng an SS ano to the second
part; (d) nﬁﬁkg)/d(lﬁgd.gedt)ﬁ[ﬁr(é]a}dﬂgbe ( FLdi gest) and PrL concentration ([PrL])

Fromthe treaisd res! i bRl LnlusRald ol os! St AlénPltdla fFasur | ng

resin lg el n conceftla uorescence Si Inanilg
el uate (FLi g)anﬁfym@thmbal&geoﬁpio;@arl(ﬁrh) ﬁbmp P(rb)oasevuaﬂiretyléhﬂoniaegk@gse is
quantified bg calculating {(FLig)/((FLdigest)/[PrL])}/[Ig]. [0016] In
anot her asp®ef; a method for quantifying PrL | eakage froma PrL

[0015] Accordingly, in yet another aspect according to the invention, a

“method for quantifying PrL leakage from a PrL based affinity chromatography resin is
provided, which comprises the steps of: (a) labeling the PrL based chromatography
resin with one or more fluorescent tags; (b) dividing the labeled resin into equal first
and second parts; (c) treating first part with suitable means to release the labeled PrL
from the resin and adding an excess amount of Ig to the second part; (d) measuring
fluorescence (FLgigest) and PrL concentration ([PrL]) from the treated resin in the first
part in step (c); and (e) measuring resin Ig elution concentration ([Ig]) and
fluorescence signal in an Ig eluate (FLj,) from the second part in step (c), where PrL
leakage is quantified by calculating {(FLig)/((FLgigest)/[PrL])}/[1g].

[0016] In another aspect, a method for quantifying PrL leakage from a PrL
based chromatography resin comprises the steps of: (a) labeling the PrL based
chromatography resin with one or more fluorescent tags; (b) adding an excess amount

of Ig to the labeled resin and measuring resin Ig elution concentration ([Ig]) and



based chromat ography resin conprises the steps of: (a) labeling the PrL
based chromat ography resin with one or nore fluorescent tags; (b) adding an
excess arwOorn10af30399 to the | abel ed resin and neasuri ng PETIUS2009/0e3142 i on
concentration ([1g]) andfluorescence signal in an Ig eluate (FLig) fromthe

resin; (c) renoving resjdual lg framthe resin followed by.t I ng the
resin with SHPTESEED sf%‘éfn‘g a’t‘&)g ?lg‘ftgggég)hﬁ)gl tfn%eé‘ne{]c? ﬁﬂovf'}go%%g%i?g?%éﬂn; and
(d) nmeasuri B@ rédinRIIBHEEREeating thegesi With BuitaBlelmeanpatlessetthoabd¢dPd] ) from
the treated resin, where PrlL Ieak&l(l;e is q nti§ie gy cal cul at g

{(FLi g)/ (( EeontBeesy s @) yeasprng uqresgents [ iauy 85 |°P9?C“W?‘f‘ﬁ‘étﬁ} i shing to
be bound by fbhaRE ¥eatdd redis, vaHRAS BilNEALgsis Ghatifithby satédiang (GFLHIE | nvention
may be used for quantifying the | eakage of any protein and/or fragnents

t her eof , fr 8huim)fPBtB{*lbased affinity chromatography method used for

i sol ating ofpg@OVi NG AEARdANY] wHitbuBwisBitg 316d boulld 8y tHEBheRW € that binds the
protein. [0018] Accordingly, in yet anot ﬁer aspect according to the present

i nvention, somemiatgd thet themethors gf thyinyewionimpy bsaretfer ayagH{YgI®t ei n based
affinity chigg AP el SR S gRERYIERES, FORES rofelrab& FRsirconpri ses the
steps of: (239@%%%' ngXtteﬁle prét eigT?\ based chr erarfiggr aShy resit}ﬁ wi th one or
nore fl uor eslwematogrgby metpd usedifel ipgjatiniger renpaingdrera 8 mpxfure; an ¥l4E OF | r st and
second part ble@ﬁl}etﬁa‘i@ﬁ%g&g fligist part with suitable nmeans to rel ease the

| abel ed proteirn tromthe résin and addi ng an excess anount of an anal yte

t hat bi nds {0948pr ot ei nAtwrdingy.Seyetradoiheraspect eicordeegsta thapyedehipyeansionnce
(FLdgest) and_ pratei n_concentr.ati [ ted resin in the
first part s ngfor(% I;ltl rrllgpfoet?inrlréég%’{?rﬁr%aP%ge?ﬁgt%ggfg&% giael ution

concent r at i oiromp@aaply ehin igprdviledjovhesagbnmethed goraprisenthantennett (e el uate (FL

Cal tul ot ng Pt RERaPYIa) Per b Babiy BIF Wfipiche sFRARTRol Bl ) 0

anot her asp@gtdivadia tdilatgled eesihmtpeqasieivst and weohd parts; &) redtingdirdtpartquant i fyi ng

o7 ovi ded, - whBGU AN RETRETeEbThIT BE0ed Hatt TR ET AR he or ot ei

based chr omamegitaphy aaBsé that¥ihds théiproRin ORKesetdndPaas@e icadugigs; (b) addi ng an
excess anount of anal xt e to, the label ed .reﬁkgégalgéﬁreasuri nﬁg retﬁi n anal yte

el ution condBMErsRsedhLleigdas PIOEY CsEPTaian SFEFEATHHAC anal yt e
eluate (FL snapxt ﬁ))stefpr(@ﬁhﬁ@@g]fr@ﬁuﬁhg fedh aneR\EABn lcB&detits@londaahlyted from t he

resin followed by treati ngi_t e resin with suitabl %Fmeang to.rel ease the
| abel ed pr of®] Audrpsserce signilds phanalyigiclpafs (emsel o Meserore 8L cster (©),

where Pr leakage is quantified by calculating {(FLanaiyte)/((FLdigest)/[P1])}/[analyte].

[0019] In another aspect according to the present invention, a method for

quantifying protein leakage from a protein based affinity chromatography resin is
provided, where the method comprises the steps of: (a) labeling the protein based
chromatography resin with one or more fluorescent tags; (b) adding an excess amount
of analyte to the labeled resin and measuring resin analyte elution concentration
([analyte]) and fluorescence signal in an analyte eluate (FLanalyre) from the resin; (c)
removing residual analyte from the resin followed by treating the resin with suitable
means to release the labeled protein from the resin; and (d) measuring fluorescence
(FLaigest) and protein concentration ([Pr]) from the treated resin, where Pr leakage is
quantified by calculating {(FLanatyte)/(( FLgigest)/[Pr])}/[analyte].

[0020] In various embodiments, methods of the invention may further
include the step of removing the leached protein, e.g., PrA, PrG or PrL, using one or

more of cation exchange chromatography, anion exchange chromatography and



(FLd, gest) and protein concentration ([Pr]) fromthe treated resin, where
Pr | eakage is quantified by cal culating {(FLana!yte)/(( FLd,gest)/[Pr])}

/[ anal yt ejy0 2pDABAI931 n vari ous enbodi ments, nethods of treTIUST@IZIA2 May
further include the step of renoving the |eached protein, e.g., PrA PrGor

PrL, using on r.nore of cation exchan FO ni on exchange
chr omat ogr aﬁ%@oé}?aﬁféﬁgﬁﬁ%%r%m%?gﬁéhﬁgge%?ﬁmhh nn%r %ﬁ%}% partitioning
g(lre ?rpn?; ;)gr ahwox%aydrtewam?bgfaﬁ}tl}c lot arry:adoo@rmpbgs thneofarEyemplﬁtM ngtl ons t hEr Sof :
y chromat o or s jinclu ren t.ed to, packe
colum and & rﬁ@ﬁ{?g‘gﬁgyd’é@f‘t&@”ﬁ@?% are[“ﬁg%?eq[tﬁ R/aﬁrldgct?éunén Mdi ments of the
nmet hods of h?ﬁl&mwaa\tlfmmﬁ fl U(r?r)r escent tag is selected fromthe group
consisting o exa Fluor 488(t Invitro rl sbad Dylig
488(tm (Th&YRbFi sher , Invigrip %&éﬁntw"@gﬁ etE‘i"Eg’? *terﬁ“’%g%“ 5 FAM t rr) SE
and 6- FAM't ﬂﬁxme&%nt(té’@ﬁ%él@&edﬁa:ﬂtﬂ@greup EoM}istigQF2q¢xal FuotagBBUS enbodi rrent s,

sui tabl e neans for releasing the |abel ed prote PrA
PrG and Pr L(Inigegen, faglghad, deg}BﬁSFMe(Tp?W’é’ﬁiS}“b‘n aﬁ@%ﬁﬂ@%ﬁ@%a

treat ment OlFlu%fﬁWl@BtSFAMTﬁa$ErEIEH6—FEW“P$E(A{na@iS€ey5ﬁ1Jo§e iospat nent's i ncl ude
the use of an enzyne that digests the protein, e, PrA, PrG or PrL,

i ncl udi ng, MM2hot | i ninveroysEmbodimeaiss fyitable n%elaf}i)%’F Ff’*leaﬁ’éﬁél}erlabeéfﬁ‘ynnt rypsi n,
t her ol ysi n ?o@éinﬁ Btth@te&ﬁ' é‘g ﬁkem%ﬁ&’P&hﬁﬁh%{heHe%ﬁid%%§ ilvegtidhde the use

of a sui tab e aC| I'n various enbodi nents of the nethods of
t he inventi mlud@ompdm&hmnmraanzmt@ tpptmeph Jegmalary eizypathreAEesYr aphy

resins are GRIRRLETUSE fkdife R AIAR Bl plollh RSO AT orlHL Ahifding, O

identify those whic West Amount “of Pt A | eakage. Exénpl ary
resins incl boteot bnnﬁtecatoefqn@xarﬂlplmttyesin,tmpSIPerﬁep‘(rmsm tharmkplghn @aibam ty,

sephar ose(t BT RERsIREnpb il bl Yfdthe IR TR G ) (e
Heal t hcar e) {00gat t obi ndlﬂaubnﬂ embd{nBants dithaunythodsd tHOREBLPY), I\/abCapt ure(tm A
|( 'rbl\\eglnlt |egn g O%r\é%tﬁ{eféﬁ y aﬁi’%gl%fm bfiﬁeé)argpﬁ’és's g(’%ﬁae r%g%})gtg Q‘?es%“g%h{]‘ﬁ gﬁ)ra geg |u%1 gsi ng wel |
known t echn itlpUR&hdd3 of e imvrehtior) ¢ ordéntg ideatify. thosd mlmexﬁMtghﬂalnwdstm u m HCL or
oM e L0020) LD, RO 20ekh oL % R RO Sl ey SRENED, 1
2-5 tinmes graatigh Chpity [H6Sep® vA Ultra and ProSep® UltraPlus (Millipore); Protem A

SepharoseTM, MabSelect™, MabSelect Xtra™ and MabSelect SuRe® (GE

Healthcare); Sartobind Protein A (Sartorius); and POROS® MabCapture™ A

(Applied Biosystems).

[0024] In some aspects of the methods of the invention, residual Ig (e.g.,

IgG) may be removed from the resin using well known techniques in the art

including, e.g., use of 6M guanidinium HCL or 4-8M urea.

[0025] In some aspects of the methods of the invention, an excess amount of

an analyte or molecule (e.g., Ig) is an amount at least 2-5 times greater than the

maximum binding capacity of the protein based affinity chromatography resin or

media used for isolating or removing the analyte or molecule. In some embodiments,

the analyte or molecule is an Ig (e.g., IgG) which binds a PrA based affinity

chromatography media or resin, where an excess amount of the Ig (e.g., IgG) is at

least 2, or at least 3, or at least 4, or at least 5, or greater than 5 times the binding

capacity of the resin. In general, the excess amount of the analyte or molecule (e.g.,

Ig) can be determined based on the maximum binding capacity of the resin typically



maxi mum bi ndi ng capacity of the protein based affinity chromatography resin
or nedia used for isolating or renoving the analyte or nolecule. In sone

enbodi nerwe,20tds0m®aal yte or nmolecule is an I g (e.g., |g@CTRse@b/obiazs a PrA
based affinity chromatography nedia or resin, where an excess anount of the

lg (e.g., I@tf%ﬂé@b)ﬁ%ﬁ%%%?ﬁctgfg dth@l;es n%@ﬁmta?'%e ré%ﬁllfléalélﬁzﬁ&i bytenedt at | east 5,

or greater capac he resin. In general, the
excess anDLkls’rthnexfyskhlenamaﬂrgmeed)mwdllewnee((helqgesmlﬂgi)art:an be determ ned based

on the rraX|[:68g%]b| ndi ng2 &8%0%% eem?aeaﬁgﬁélg% ﬁ%lgmg&\flhg@gn )y the

manuf act ur e the r at ed one of ordinary
ski 'l i n theutastlihiasiad, thausself b ﬂhammtdr echimwi sqmgb loaqlntgtfer éﬁ’fQCUO{l 09256}
FIuorescence can be syred usin SU|tabke means i ncl udi ng, but not
limted to, lpqfemefercoy dab[f Ip F‘ﬁ'(’)Ye(’jtFrv??%We PARLEL o6 | oading for detection
using a flugpenet er CCIHlvﬁin(hﬂetribo&nféﬂté@fﬂﬁnﬁthoﬂsﬂéﬂhbirp@t@orf therdateg[ 0027] In
various enbodi nents of the net hgﬂg t he v§nt| on

| gG
be el uted ulGGambgelelad paRg AYFEYRRC VYR S&@asf Fe)é%r(né);lr%ﬁhe sy ﬁfz(ﬁntﬁble g ) can

e use of

sui table pH,pl mﬁ{kx‘é?ﬁgﬁﬁl éﬁﬁbdﬂnémdusmme plausemmatgbeemwnuseﬂHffmm I gG el ution
is a pH fromabout 2

to about 4.0. In a i cul ci ne at
pH 2.0 is us@@t?arto heas £9-uln wrtICBﬂqrémbBB%\E)tr S'iycB’ﬁ ng? ‘Stﬁeﬁ oGS [%028]
FIG 1 depig; W{@i‘ schematic of an exenplary nmethod according to the
i nvention, | n ich PrAis |abeled with fluorescent dye (Al exa Fluor(tm
488). Briefly, as depicted in FIG 1, the labeled nedia is split into two
1m  fract i oBsief Deseription of the Drawingsat ed enzymatically with trypsin. The

ratio FLdi gg(ﬁ)?é% PrAl igaob td@ﬁlgt@q sB¥rfafadt Hxt Bl BehSRiRBidirRito tA27S nm on

a W/ Vis spec phot oneter and at em ssion 519 nm on anMI uoroneter with
excitation atvedt®®, mwhidiRrAds hbeled pabifluoreseest duedddea Fluor T 88e. et g with

an appr oxi mat &Sfct%d l”ﬁ%ﬂ’ﬂ‘ AR AR {ﬁlaclégﬁlﬁ'lﬁtb{ 08 1 FB FadtiondhDRB Fe&Rsmt | tut es an

excess anmpuft ¢eé excess I's washed off with PBS (10 niV
phosphat e sasltrdaedlauiyhamallyt\h&l ursg@nbdumdatto&mm[ﬁ@dusaobt@n@ W’éé‘hWt h01M

gl yci ne pH fter e mx gdogp a U/ Vis
spect r ophot ﬁWe‘P@?ﬂa&? E‘J{}g{éﬁs Ilmrhof'qu\g]\lgke?leﬁggﬁ‘{)tgg%%ﬂaﬂﬁ%éﬂﬁsﬁgﬁgagf | uor onret er
Wi th exci t abh@mluatonf withnekditatigo it 495@@291]hel6|t1©r Practimpiiceposedge dple.g-»

d trat that th t at Al
FFHBP S4r83) ' M@%l%té\ tlg‘gg 8€ ?s\gmfi%ﬁ fgpagt)?9€+g£a (B conichBs Al exa

an excess amount of IgG. Once excess IgG is washed off w1th PBS (10 mM
phosphate saline buffer), the IgG bound to PrA media is eluted with 0.1 M glycine pH
2. After gentle mixing, the IgG elution is analyzed on a UV/Vis spectrophotometer at
UV,sonm ([IgG]) and emission 519 nm on a fluorometer with excitation at 495 nm
(FLiga)-

[0029] FIG.2 depicts a graph demonstrating that the static IgG binding of
labeled (e.g., with Alexa Fluor 488) and unlabeled PrA is equivalent. Briefly,
fluorescently labeled type A resin (FL-A-1 through FL-A-5) and unlabeled resin (A-1
through A-3) from the same batch were tested for their IgG static binding capacity on
three different days. The results, as depicted in the graph in Figure 2, demonstrate
that labeled and unlabeled type A PrA based affinity chromatography resins have
equivalent static binding capacity values. The same experiment was conducted with a
different PrA based affinity chromatography type B resin, represented by FL-B-1
through FL-B-4 for the labeled resin and B1 through B3 for the unlabeled resin.
Again, as demonstrated by the graph in Figure 2, both the labeled and unlabeled type



fluorescently |abeled type Aresin (FL-A-1 through FL-A-5) and unl abel ed
resin (A-l1 through A-3) fromthe sanme batch were tested for their 1gG
static biwdizog/sepacity on three different days. The regdrtis0s0depi ct ed
in the graph in Figure 2, denonstrate that |abeled and unl abeled type A PrA

based af f1 i Ly, chr.QpL 001 AR SRR BLEMIMRLE hecSfalg. DI ncll NG

capacity v ne experi nen cted wt ifferent PrA
based af fi riuoyescdntonbilngmagsnts tnyrpmaBntea‘swnqe qneIpAelgérﬁtf@thbyteFaEmBll t hr ough

FL-B-4 f bel ed th od
or Q‘I8 ﬁ‘ﬁ#g&%f’ %F%‘EF r"@-,e r%suﬁs area SO sul{nl(])_nl ed1 @e"”l’%bﬂe*\?}?%me%beﬂ resin.

Agai n, b gure oth t Iab ed and
unl abel ed tsyamleBurde@cap‘ac&y bftesﬂns @ﬁ)lfl‘l)&i lebﬁled gGustabtlpdtype Adr:wg(Meﬁbam ty

val ues. Accordingly, orescence I resent i rference on
PrA-19G af f Ahfre °iW|‘|‘t°é‘r %‘Fﬁéﬁef’gﬁ“ &J ?}? %ﬁ’rg“ 5’8 s lgbf:ﬂlg% gglﬁlfdfégéﬁre al so
sumari zed thbt')ls B kinl@hlda Byurdit@wneonZhe dte st af the TblbladStagdarchDamamgn of resins
(@) froml abel ed and_ unl abel ed t A resin wn on the
left side d\STPPIé“dI‘%QBff@le&hﬂf‘faﬁé“@éwiiﬁeé’i’i‘?spg%% e‘@qg%%vﬁpﬁ%gﬁ't}g type B resin
(Media B) apgcnewin@BelbdPletia 3D Bivele 90)fas Wl ad alaMediadb @ntharsd Bpareat i on

(STD) and coefficient of variance (CV) are presented as well. Test

vari abil i tycomﬂrab]&bel ed and unl abeled Media A (4 %vs 3 %9 as well as for
Media B (7 g[?{PoZ | N FME. THPRAY APhife RN nﬁrﬁle&ag&mmafﬂv&abl e
r e

sunmari zin akage val ues of five different |ots of %I i ca based
protein af fdlﬁ‘ﬁllelyt 1@@9f¢15111@?a‘@,€4ﬁec’£1@‘9@&:{&@1%3?1&(?381? fested @h t‘B%.fhé B3 of Al exa

Fl uor 488. h%@(pf' &l'é)?adFth'r 43 ?e A-E"algﬂrn@ted Yifhb @9611: 'vraMalﬁlfltyloﬂ%‘és thhRR4% 4% 1 s

achi eved for the two sets of experiments using two different batches of the
f1 uor escent aoﬂ;ceed ibethalt\lvedetmfﬁz(pcrpmmusmg twh differens hetckss of de3lueiesame present
invention r ates to methods of quantifying protein, e.g., PrA, PrGor PrL,
| eakage fro prot ein based affinity chromatography nedia or resin, e.g.,
PrA, PrG and PrL based affinity chromatography nmedia or resin. Wthout
wi shing to be bound by theory, it is contenplated that the nethods
accordi ng tDetallal Des¢eeiptiomof thadnveatingsed for quantifying the | eakage of any
protein froma protein based chromatography nedia or resin, where the
protein is weed for i skleatdsag imrenti@n®istasgo metodsediguantifiiag piotawe-&-he

and

B; gt g: 2 LI \r/]\ﬁﬁlAch % ngrnﬁ‘ ; b’gg%gﬁgrlé’g] grs&“%&&%[fafﬁ?fgt "%f(hma ?)%Te%%grf? Ll chSci)rg’;ur e may be
nmor e readi | ygUpgePst @dIPrL based affinity chromatography media or resin. Wlthout
wishing to be bound by theory, it is contemplated that the methods according to the
invention can be used for quantifying the leakage of any protein from a protein based
chromatography media or resin, where the protein is used for isolating or removing a
molecule that binds the protein, including but not limited to, e.g., protein A, protein G
and protein L which bind Ig.
[0032] In order that the present disclosure may be more readily understood,
certain terms are first defined. Additional definitions are set forth throughout the
detailed description.
L Definitions
[0033] As used herein, the term “protein A” or “PrA” encompasses protein
A recovered from a native source, e.g., from the bacterium Staphylococcus aureus,
protein A produced synthetically (e.g., by peptide synthesis or by recombinant

techniques), including variants or derivatives thereof which retain the ability to bind

proteins which have a Cy/Chs region such as, for example, immunoglobulins.



certain terns are first defined. Additional definitions are set forth

t hroughout the detailed description. |I. Definitions [0033] As used herein,

t he ter mwpnrotoai3omsd" or "Pr A" enconpasses protein A rececensdoodoedma native
source, e.g., fromthe bacterium Staphyl ococcus aureus, protein A produced
synt heti cal e, b i I I fachni ques),

i ncl udi ng véé nl“%%rf %I %’P : Se?f@%ﬁ?@‘é‘?@%@?i%?& %?a?ﬁcirg'?gﬁgﬁl?ﬁ%g{giﬁf %}{?ly to bind
prot ei ns whiiethatadve a C H2/ CH3 regi on such as, for exanple,

i mrunogl obul . ns. Conmerci al _sources of, PLA in i . Heal t hcar e,
Fer seni us ktg{#}ﬁal , anéﬁ?%%f%rgﬁ@ gt83] asﬁf‘nsggk'éejrgﬁi ]’%%}%r{g%g’ gldl%pf)hy, " as used
herei n, refmirgicitdonagtyiniierethioh s¢pardtdsitheadnatyte (egc hniquenegidtohinoefmobt es t he

anal yte (e.qg., i munog| ohul.in or. of interest fr ot her nol ecules in

the mi xtur elgtefeaf?f?%&am ‘Bg‘eﬁ‘geﬁlﬁgl?ermﬁ %’é?reeﬁérgglgiwtégf f efegﬁgblét ween a solid

substrat e ghagitldA®eriebh h Solfdabgratd 4hdlthedinbiglelphbsenivtiubingibhiebt limited ad, ut i on,

buffer or solvent and al] ows &h? anrﬁl %taﬁ of i ntergst d. tot Qe i sol at ed.

[0035] As uSltiopdubprer sphyentaad aflovss the Asalye efintsrsted &0 Bpig/a®d af finity

separation,(bogy) " af fi pistidednsréih theieldMaffinp chis@stofi@pigi, nvaffigityer s to any

purification or assaying technique which_ invol ¥es t he addition of a sanple

cont ai ni ng BPAAGWeTor AR BuTEhicaiion.caysed hereig, refer o ANYAREB.UPT n or 1g) to

a solid supREinMihauE Fhich §SvoPes ke 2AdIORLEL Sl CoRtaings rakdteailae yt e,

e.g., PrA Pré and PrL. Subsequent to the binding of a target analyte or

nol ecul e ( eergnolecale (p.g) ar nmproginbytie prlg) to gsolid ppprprtayiich REFBkhr ough of

the undesi r;gﬁteinrmﬂéﬂ Bih&Sthe AARtL, 3T DG AP MaSPror SembacHE B thewindifg 6f ut ed

usi ng suitable neans. For exdnple, the analyte, such as an 1gG may be

recover ed usiarggt analytd erableculd (aigi. an [ theprdieini(ag, Bradwnd dsiflowdimough g 3 pH

in the rang - : i .about 2 to about
5 t%ng @{%ﬁég %B%Lﬁ}tteg, tﬂ@@ghﬁet ?ﬁlﬂé of Iﬂoltecnl?e &Qﬁﬂe?elﬁt'é&’ H&n%?

4. Exanples o ers I"'s purpose 1nclude citrate, glycine,
or acet at e dithfilemsans] GOBGamplee theanalytePyuoh baandd@Gamhy he tepovamdbsaedgr aphy” or

LProteln A Qg A SPTTLOULAR Yy, o SR AR F 2 10 Lhe

separation or purification o . such as
i mrunog! obudbionsss, ot thegrapgeofrem mbgut Grto abaie#i Tzdmples afielugign baffers fdighieof | wher e

the PrA is general h%/}gi bili.zed agn id support. [0037] The term"PrG
based af fi nr?ﬂosw P‘cﬁfmé%a HSHRCSSF a“eﬁ?ﬁ% ‘gf{ferﬁs'c; based
[0036] The term “PrA based affinity chromatography” or “Protein A based

affinity chromatography,” as used herein, refers to the separation or purification of
substances and/or molecules, such as immunoglobulins, using protein A or a
derivative or variant thereof, where the PrA is generally immobilized on a solid
support.

[0037] The term “PrG based affinity chromatography” or “Protein G based
affinity chromatography,” as used herein, refers to the separation or purification of
substances and/or molecules, such as immunoglobulins, using protein G or a
derivative or variant thereof, where the PrG is generally immobilized on a solid
support.

[0038] The term “PrL based affinity chromatography” or “Protein L based
affinity chromatography,” as used herein, refers to the separation or purification of
substances and/or molecules, such as immunoglobulins, using protein L or a

derivative or variant thereof, where the PrL is generally immobilized on a solid

support.



affinity chromatography,” as used herein, refers to the separation or
purification of substances and/or nol ecul es, such as i munogl obul i ns, using
protei n Gvonom/dessvative or variant thereof, where theprPr@se@ogesiezally

i hm*rnbi lized on a solid support. [0038] The term"PrL based affinity

chr omat ogr apfya, or "Pr eLn by f“ it %gﬁi y used
herein, ref églt o the ]gjep%?natsf)@(ﬁs%ge a(Lr“g |dcs§ 1?02{1 8%@%@§s%§nd/ or

nol ecul es, sdiebusasatiixiigh tb prateis pseldsfongolmngtcemmd_vmganeand]eftq orative or

variant there h PrL .i I lid
support . [Oo?ﬁiécﬁlﬁ\gpg’réeg "eggolpF el%%‘a@g BFOte'lggl(?E@)b Oztgl 'Lo(greLﬁerIgl : y refers

to a non aqatﬂféthsormsabmaknﬂsbbwmcmotMn@)ﬂd;PmmawSedodpdndtbsmmbﬁﬁg or renoving
an anal yte or nolecul e of i nt erest r ot.ei roteln G (Prg

or protein MagEppkyuhss fguremelc, ?gaﬁ%ge%gglgl%aéﬁlﬂalwesogmgp ll)gél EX&npl e, PrA may

be coupl ed tmmeat beneRf(pdTRuhd- aivﬁlyﬂiéﬁibnaﬁpol}fa&lylaw; @Glpinethaaghfeo ses,
pol ysacchari des, dextrans, silica g @ synt heti c

(pol yst r enePeIVAFTHIINIErabREnYT BlspReLgrolisuifene; pRIYPHIONH ’cpr‘WVéﬁ iethffoq"gacr yl ani de,

pol yvi nyl  ahe@hghes Ipeﬁﬂla{gswpsgﬂ@rs PR MERMHEARATE. scnﬂlsugpdwfonﬁth&nudaad their
correspondi ng copolyners) and ass beads. The solid support farmat

i ncl udes, bbuet is sotiigtitefl fqviaparfigagion golpip; F1sCORETUGHS E}@F%ﬂﬁfhs"b‘it%%ﬂ‘f ?huous phase
of discret e{)m&i béd &)ﬁlmrpgﬁ\d(%a%q be@L3IRN, AdEhreddaRdefsoard col um,

menbr ane, I n some énbodi nents, as an optional prelimnary step, the
sol i d phaseembwdxmhnets 96 ot eptional mlfmlmrv;steeﬁhwmdd@ﬁ@ﬁp AytheraiptedeAequi | i br at ed

with a suit gic, DiLehehEhons, GILARREAGT ARRY sOlupldifrl tsin of interest. An

exenpl ary equi tiro cohtains 10 raM phosphate saline buffer pH
7. 4. [0040] cHhmatography effthé priotein ofdntergst. gyn exgmplapy eapilbmtionkulercaphipsr esin,

as used herg % Eos %a§?§a%ngbﬁg§ﬁa;pgraphl C support to which a

chr omat ogr aphy PrGor PrL) is attached. The ligand is
capabl e of [I}Omd] ng to Hlertaﬂne‘(‘ﬁliﬁmt}absm’hméh&sﬂW(Chroglatomhy rasin oggluséslil i n)

which is to, be. puri ed frao tein A
based affi nP?rﬁmc’r?fe%%taoC&f ah‘i/gT?p\ééﬁ T gp?rmo%}g?éﬁ% ﬁ{‘g%tt% QWA?% ge:]é) affinity
g hr ck)rt;nt ogr aphy oi i atrdRL ik attehed. Arhemmhxi iswzmtilemftbmdmgco atraichiledfpore gl ass
ackbone, t he PROSEP acity,
Utra and Pﬁgﬁﬁ%(‘(ﬁ t ?"dnﬁ?‘i?gé}’ﬁ}mﬁ) Wﬁ'bcrhé urlié“g&r ‘gfzf%mﬂv r}%m k‘g | ;;gg on g
R?I >r/r)st %/ rASn?e Es@hpldryphatsia. A Based affiy aﬁa@aogxaﬁm}t mms o5 nse 1a|pcbtms¢dab Capt ure
t plie
backbone, e.g., the PROSEP A™ and PROSEP vA™ resins, High Capacity, Ultra and
PROSEP Ultra Plus (Millipore Inc.); protein A immobilized on a polystyrene solid
phase, e.g. the POROS 50A™ resin and POROS MabCapture A™ (Applied

fﬁmty chromatography include protein A immobilized onto a controlled pore glass

BioSystems Inc.); or protein A immobilized on an agarose solid phase, for instance
the rPROTEIN A SEPHAROSE FAST FLOW™ or MABSELECT™ resin (GE
Healthcare).

[0041] The eluted Ig (e.g., IgG) may be subjected to additional purification
steps either prior to, or after, the protein A affinity chromatography step. Exemplary
further purification steps include, but are not limited to, filtration, hydroxyapatite
chromatography, hydrophobic interaction chromatography (HIC), ammonium
sulphate precipitation, anion or cation exchange chromatography, ethanol
precipitation, reverse phase HPLC, weak partitioning chromatography,

chromatofocusing, gel filtration, efc.
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Bi oSystens Inc.); or protein A imobilized on an agarose solid phase, for

i nstance the r PROTEIN A SEPHARCSE FAST FLONtm or MABSELECT(tm resin (CGE
Heal t hcarw®.20{00B3d®bp The eluted Ig (e.g., 1gG nay be sulpreatsea9onosi42
additional purification steps either prior to, or after, the protein A

DY TopEAL 091 A s dRER, Ao B OE, B e SR b RuRL RS | nl ude,

but are no ted to, ration, r oxy t'e "chromat ogr aphy,
hydr ophobi @ phatrescaatidaiynachptabte targesaptys yskil Oy varonsdirigneatis uhgrapguéic or
preci pitat iog%,ruaeréi on o cacgjinqﬂ eu%cshange chr omat ogr aphy, et hanol

preci pi t at | BT FRVLPYR IFRULIABHES weak partitioning chromat ogr aphy,
chr omat of 0d08431g, gel Asiuséd lasréinsthe etrs [pd@idiaJleabmingd ffprotemblsekagent s, t he

eluted I g (e. | 9G) ,, be .f ox ;mul.at ed..i n arpeceutically acceptabl e
carrier and%’faghiﬁ@é%e%‘omgﬁ%% iﬁjré 03 ialé‘?alf%g?(gglgu eleét((?)?leot her uses known
for such ndeeghmes.or MASHE ofAsoteindPr) iacleding irtdvearndésrfmgtnenvtieirepi] eachi ng, "
"protein | eakage, ' "l|eached protein " "Pr |eaching, " YPr | " and

"| eached Pré‘”mgé‘?léjrp}{aée tf’PNj“‘ﬁ‘e‘f léibﬂﬁ%th?m?/\%fglFﬂdHBe‘gﬁ’ I%F%%eec}f%%%g% (i ncl udi ng
i ntact and/&@mprf (AEERATd foRePRQPYG bf PID Wsabdfiifitpdhacratbgraphty redind dsiigs bound.

I n some enbodi nents, |eaka [

e of PrA, PrG or Prf s ﬁg&}&é{i&ie fromPrA PrG
or PrL basdhe metiods effhe myenianobrosgim{rakage max result dye torfna BEE of the
i nvention. BreheifbrkeAKRNC PR akRS Yt Pradtidching MBI ¥sulli dukes fsatonk e@sons. For
exanpl es, PrA | eakage or PrA |eaching nmay resul't. due to reasons such as

mechani cal asivesshaniep] sheatiigs layt{highi PELEE BT Congash iodaxmungeloRifnogl obul i n,

proteol yti Cpr%&l'yﬁ%gc}ﬁvﬁ‘p Cre. Prdif IANeAhingREHN bOGuFBRvAS nftdalréd @idgvel y measured
usi ng various teéechniques that are well” known in the art, including, enzyne

li nked i muvagions toemiquas thatar¢ BEN &pgwn B phdeiudigs eemeginked  hi gh pressure
L1 quid Chrqgg{uﬁagg&aaxa&kgf’ SAJTRPS HAGE WEHED b, HilhGpreshie 1R0RAUN Of | eached

PrA is gene represented as ng PrA/ml affinity matrix, or it may be
r epr esent edchasmatogrpphyt(BPRCH/mAgs specirroiy, efc0Buaimaunt gEleechedPEd i, the term

" i mmunogl obyl irgn" reéylreg-grgé)({as'}gpjxm%qniérg%t ! Iol?tlt%%qgﬁ@@méd Q?ﬁgi n) refers

to a prot ei ARV n asi c-four-poly e char'n structure consisting of
two heavy agprdtein/nig gibodyhai ns, sai d chai ns being stabilized, for exanple,

o el 1L ) e Do O o A el coLl, B

(used (used interchangeably herein) refers to a protein having a basic four-polypeptide chain
structure consisting of two heavy and two light chains, said chains being stabilized,
for example, by interchain disulfide bonds, which has the ability to specifically bind
antigen. The term “single-chain immunoglobulin” or “single-chain antibody” (used
interchangeably herein) refers to a protein having a two-polypeptide chain structure
consisting of a heavy and a light chain, said chains being stabilized, for example, by
interchain peptide linkers, which has the ability to specifically bind antigen. The term
“domain” refers to a globular region of a heavy or light chain polypeptide comprising
peptide loops (e.g., comprising 3 to 4 peptide loops) stabilized, for example, by B-
pleated sheet and/or intrachain disulfide bond. Domains are further referred to herein
as “constant” or “variable”, based on the relative lack of sequence variation within the
domains of various class members in the case of a “constant” domain, or the
significant variation within the domains of various class members in the case of a
“variable” domain. Antibody or polypeptide “domains” are often referred to

interchangeably in the art as antibody or polypeptide “regions”. The “constant”

11



i nt erchangeably herein) refers to a protein having a two-pol ypeptide chain
structure consisting of a heavy and a |ight chain, said chains being

st abi | i zewp 2bovo3exvanpl e, by interchain peptide |inkers, Pamiuskodbassithe
ability to specifically bind antigen. The term"domain" refers to a

gl obul ar regi -heay: I.ght in - Yol ¢ 5] Ng peptide

| oops {e.qg. ?6@%%33%agfl%ogi%&{lgghﬂinsg%trle%g&? %Sgtsg{c}{%gg%qlf?sz g%?péﬂgﬁ exanpl e, by
b- pl eated sinseht mgidng “light cmoh@nstantidewkins'd EChoregionpon i sdoaainsf yr t her

referred to. et ei "constant, or _"vari " hiddEHiehat i ve | ack
of sequenceTv%rﬁoﬁq?r%f\dW?ﬂsi Or{% f {%%Odoc})lﬁ%‘fy%ilhlglggr\%/é?fflg%gtgthg@s IJr%eanb}grs in the
case of a "tmasy éin'colanmiregionst, ‘hhevyshginichistandomans” atGhregionhipm t he

domai ns of yarj ous .cl ass ,nenber,s, i n. th se of " varj " .domai n.

Anti body or pol §PBPES dee H%‘F%enéi"mé}néOg?rﬁlgﬂgyrlé%hé%}aéﬁ atr‘%)l%?én grt(ghangeabl y in
the art as pidréldagiabBrasPhghtRRH valeabld regibasTs“lighildhain adalsie domiidgai ns of

antibody light chains are referr t.0 i nterchangeab]. "light chain
const ant regYbneegions pr gy ‘{ﬂ‘%‘rﬁ igﬁsY%ﬁ edg?fﬁ‘flﬂg‘%‘%nil%ﬁ_d%‘?@a'i%ﬁgsor " CL"
domai ns. Thgre réeRad @RhtercHAERAUNS agthe@Rtdhb@dyridRategiondiai eavactain ef erred to
i nterchangeably as "heavy chai.n constant regions", "heavy chain constant

domai ns", " vMEDleiOMEHE oY B CREIORATaVES dOPRIS yar i abl e" domai ns of anti body

l'ight chai nFoo@SF r ef eredmk @mbbdigkabandsabhyglasulnlii ghigGohabsdyvar i abl e
regions”, "light chain variabl e domains", "VL" reéi ons or "VL" domains. The
"vari abl e" Homusogiobytingerianibriesieahy reangriqaal gF Rolydendl prmaveXi§iiRy changeabl y

as "heavy C%h&égﬁ; dr3Blyenelie 981 $or-exaRIBMYMCABbSHi A HiRDE-Est GopRbitadteric  VH'
regions or "VH' domains. [0045] In sonme enbodi nents, an i munoglobulin is
an | gG ant i Feuhandjorfamanibedies Vhish existin moperaeriss disgyic o MydeEICdPEr or

pol ycl onal Vi Sotheil” feRer{BNPLR! o Ho@ibn BRAVIRbSS JrahfBody RhaigXxanpl e, | gM
ant i bodi es \?\D/E?E:e egz‘? '?él}tnepér]tgl eri cs?orlrln and/ or (fyg,& ar]t(} od?les whi ch exi st
i N nononer i comptismefewenaming heifl rasidues tharr #n intApfeor cempietefantipedyrprantibodiér s to a
part or portion of [ - [ n%'n% € AR dest f QR am no
acid resi dugféallf'h%ﬁgrgér}lt?%%é)g?) g%}&ggﬁipﬁhgﬁgggoﬁt% I bo ;/1 or aﬁti(gglg; c.hgirn.

Fr agment s .caompleteabtitaidy @dantibady biein. crhgroentsqan wlsa bt obteinedbyreagombinanin i nt act

or conplete _antihod r antibody .chain. Fk t bt ai ned by
r econbi nant “W@’é?’n%%é?fé%%% v Srl}a{lcghrlr&r;e?lftag’ Il?ar}?c’lei:g{@}Fg%? b, Igajg "9) 2, Fc
and/ or Fv f[@goents. [ Duieim Theigerebimlihgfitaggent trfersliormgpdiyregndapiottionef ers to a

pol ypeptide portion o n i ogl Lin or antibod hat.,bi.nds an antigen
or conpetes ogﬂ W“?Wﬁ%?ﬁ%?ﬁ%g@}g’(tﬁgg’ﬂdsw?Iﬁlgfllll(e)r It 5%? Wétrl}tnglt %dy f r om whi ch
they were dentibsad]i e, ovithahé ingnantibody from which they were derived) for antigen

binding (i.e., specific binding). Binding fragments can be produced by recombinant
DNA techniques, or by enzymatic or chemical cleavage of intact immunoglobulins.

Binding fragments include Fab, Fab', F(ab'),, Fv, single chains, and single-chain

antibodies.
II. wtPrA Structure and Immunoglobulin Binding Sites
[0047] PrA is about a 42-kDa protein derived from the bacterium

Staphylococcus aureus and contains five tandem highly homologous extracellular
immunoglobulin (Ig)-binding domains at the N-terminus, designated E, D, A, B and
C. Eacﬁ extracellular domain of PrA possesses distinct Ig-binding sites. One site is
for Fcy (the constant region of IgG class of Ig) and the other is for the Fab portion of
certain Ig molecules (the portion of the Ig that is responsible for antigen recognition).

It has been reported that each of the domains contains a Fab binding site. The non-Ig
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binding (i.e., specific binding). Binding fragnents can be produced by
reconbi nant DNA techni ques, or by enzymatic or chem cal cl eavage of intact
i mmunogl ovolzor@3eB3ndi ng fragnents i ncI ude Fab, Fab', F@ab'Us2909m05143i ngl e
chai ns, and single-chain anti bodi es. WPrA Structure and | m‘runogl obulin
Bi nding Si tes 04 t:

bacteri um h%/? rgl(’)ccu Aa%rlcécgéégan% g%tre] g&rl\sgar |l§g£{ggﬁégm%%%%ﬁmo onol ogou
extracel | uIXeromlammogI obulin (I g) bi ndi ng domai ns at the N-term nus, :
desi gnat ed extrac | . sesses

di sti nct 0584ﬁdl ng 5| §1°n6$e?§h “ES"Y enCP%ng%égA(lgﬁ%@éger@Péﬁ'%rafeég?on of 1gG
cl ass of I ONo.a8)I5 113150, thé rtire Eantdnay oftwischzabinponpbiatd byfreferneedieneih g1 nol ecul es
(the portion of the g that is responsible for antigen recognition). It has
been repor t B8 EMYtYeach of the dommins contains a Fab binding site. The
non- | gbi nding portion of SpAis located at the Cterm nus and i s designated

the X region or X-donain. [0048]_ The_cl oni ng f 1 g.,9ene encoding MPrAis
descri bed iHLu. @M P g@ﬁ—"ﬁﬁ@-@%—”—%—@ontents of which are
i ncor por at e@oly refer Qﬂ&ﬁod&@fﬁieﬁnxfdﬂh&h@n"be%ﬁd foefyantifylilg ledRagepfary Pr based
Affinity Chromatography Media [0049] Methods of the invention can be used

for quanti fR}PWQ‘ firera RERKEN Bfinyy phrgmatographpmedie OF 5 WP YD PIHPonat ogr aphy

medi a or T egisly o Ry éhrérHE’cB%rQﬁ}@tr@hﬁ' 1M§@ﬂ)r€"dcota|tlﬂg bypiyiagRuMcaRhy resin is
used for isolating or puri I\;@c a nol ecul e which hinds the protein. In

exenpl ary ewmubmémhgprth emplaprembodiraents, sisthedeol fe mversiongtaant i fying
the | eakage, gf& QhAleGh tﬂeﬁ&%%%ﬁ&a%t%npmgﬁ&waﬁaﬂmmn's}ed;a resin,

wher e such ia or resfnis I solating or renoving from an
i mmunogl obubriresif,vderesuph miedip or resing wegid ey ilatingor rgmayingdepman prA, PrG and

PrL and derjy raid{ %f%%uhVﬁ%?%ﬁm@%éﬁ%ﬁ‘fuﬁtl&ﬁf‘eﬁ‘?@fPrAhQ@\'aaQ]hPﬁ%%ﬁ@' ary

protein A base esi ns e methods of the invention
i ncl ude, buderezameﬁ,atanlamtsrmtmgmemtsml? VA Hi gh Capacity, PROSEP A Utra,

PROSEP Ul t M | t A
PrCReR U U gBhs (M0 o PASH A SRAURERRE BSLR i Rgrr o i
Heal t hcar e) of tRCRGGtAN 1R®mdwmphmlted Ao PROPEP &4 Egb@m&wﬂ{oﬁi’d.

sartobi nd Py qjlga %K%S(E%a[rjftro rl"luss(hllllporeWIc?te% AP §ep gr'o@e ﬁs&"i‘é\g qmrpeﬁf)tgi i ncl ude,

but are
A Sepharose FastFlow, MabSelect, MabSelect Xtra, MabSelect SuRe (GE
Healthcare), POROS A, POROS MabCapture A (Applied Biosystems), and

Sartobind Protein A (Sartorius). Exemplary protein G based resins include, but are
not limited, to PROSEP-G (Millipore), Protein G Sepharose™ 4 Fast Flow (GE
Healthcare), POROS G (Applied Biosystems).

IV. Exemplary Fluorescent Tags and Measurement of Fluorescence

[0051] Any suitable fluorescent tag or dye which is capable of labeling a
protein may be used in the methods of the invention. In general, it is desirable to use a
fluorescent tag or dye which has an extinction coefficient €max no less than 70,000 cm”
"M with a quantum yield of >80% and exhibits minimal photo bleaching or
quenching. The dye used should be stable under the conditions of the experiment, e.g.,
a pH range of about 1.0 to about 10.0. For protein based affinity chromatography
media, it is desirable to use amine, thiol and carboxy reactive dyes. Exemplary amine
reactive fluorescent dyes include, but are not limited to, succinimidyl esters including

sulfosuccinimidyl esters, isothiocyanates, sulfonyl chlo rides, and tetrafluorophenyl
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not limted, to PROSEP-G (MIlipore), Protein G Sepharose(tn) 4 Fast Flow
(GE Healthcare), POROS G (Applied Biosystens). FV. Exenplary Fluorescent
Tags and wbasuwmn®at of Fl uorescence [005 1] Any suit ablpeTfuseavwmsient tag
or dye which is capable of |abeling a protein may be used in the nethods of

the invention. I ener it.is desirable to use. t tag or dye
whi ch has ?fﬁteésxtEir;‘ﬁ‘g‘P]iaB'HﬁJ@b‘??‘fthEidgﬁstm?‘}ﬁ@enhuﬁatraesréoqt%l éﬁd%?&%eg’ﬁgﬁqglm 1 witha
quant um yi ghenyerr88%0dbdtemiticDiniculfites, fimdarpine deritatieg @hd hepzoxadgaenchi ng.
The dye used shoul d be stabl e under the conditiaqgns of.t e Linent, e.g.,
a pH range d&f“"%ﬂYBﬁtInf?‘@“?%ryﬁﬁl?ﬁgmf@?so.yeI%B' By Cei’lerll1 s Jafgé(?g%tl ré:%ﬁ)lr}t)tgﬁ

chr omat ogr apkd a8 tyshrdriatdgarhe shddabiheludoA eg4F1@oTi488 (Invitiogdn, Gadsbadr boxy

reactive dyes. Exenplary am ne reactive_ flugre nt d i nel oout are
ot 1 1 m t e RbDYSEHAER [ Theayericher o Sieie Mtk F S pers L Er AP AT or s

i sot hi ocyanahessanUsE pAwkpeehbs Jokeles,). and tetrafl uorophenyl esters.

Exenpl ary thiol reactive c(li)ées i nclude, but are n%ﬁ}p’l imte o, nal ei m des,

_ t
phenyl mer cuP932li odoac &eshrdgef thepraserimtvapea a1¢ f3H hased opit ative, and
benzoxadi azQ.dgth¥@tdr S sresceRceS 15 BReadl YR FROGER A tpe ¢hvpticathi ch nmay be used
for labeling a protein based affinity chromatogr aphﬁ:erredl a I'?rg ude

Al exaFl uor spe@rog¢opyiin whigha mateenledpprgmotsajto amplesippmicall g gxciish gpte Bk sher

Val t ham ; ($i5b 1288 eatiiBarea FAMioRETR CkefledhibleciRE ( Anaspec,
San Jose, %ﬁ?ﬁ%@ﬂ\‘ﬁ?ﬁbﬁ?& tﬁ% pr%sent_ ilgve_nti oﬁ are gcener ally based
on t he neastheredmemts betk fol throgresrdestate or tor lgwerdyiak exgiled gleeieunttee P a type of
optical spect.roscaopy. i I; ' £4 ARr@kt&gl estronical ly
excited st aetmelsstlﬁln %ﬁ‘é%ir %P?Qgr‘]&%f‘&& trsagilégﬁlestr,ﬁm\%tgl e, or rne_ar i nfrared

radi ati on. chkeofakeintthddsmiltiecpreent inemtidedbey/Budiescnt dype isacagtivride state or to
a lower-lying excited el ectronjg te . 1.551:0 f 110 which is

det ect ed us‘f’%@hglﬁdﬁ W&pfﬂﬁ%’h?‘g'st%%%%g %SIF%&%%%%{@%I%M&%@%thgf t he net hods
of the pres@rescéit @ngristpnwithinebbht 20 esfebnmaxiypemi istepsityemderithee dye whi ch bi nds

to a protein, e.qg.,, PrA. It is desirable_.that such I ins the
f1 uor escente’@ﬁ‘?‘@%’é#ﬁ?@‘?‘ﬁi“ﬁeﬁﬁgﬁmﬁtggésoofftt eﬁrév%gﬁrf’ ﬁ%mq%/eﬁ?%?élﬂn?h gnder t he
experi nent ajangstdbbitasio Wb&A 100 fore leasttatids hodr. t he invention, e.g., use of
a pHin the range of abaout 1,0 1Q..0 .for ,at_ | east, hal f..an_hour. V.
Yel eadethads ofReleasing the baheled Lrafein tram, tic olel Rl SedF finity
Chr omat ogr aphy Fdiomategnaphy Resin i ng the | abeling of a protein in a
protein based ) ) . .
[0053] Following the labeling of a protein in a protein based

chromatography media or resin, the covalently bound protein is released from the
affinity media or resin. Methods for releasing covalently bound labeled protein from
the affinity media include, but are not limited to, chemical and enzymatic methods. In
exemplary chemical treatment methods, acid or base catalyzed hydrolysis may be
used which does not interfere with the UV absorption significantly. Exemplary acids
which may be used in the methods of the invention include, but are not limited to,
monovalent acids such as, e.g., hydrochloric acid, divalent acids, such as, sulfuric
acid, and trivalent acids, such as phosphoric acid. Exemplary bases which may be
used in the methods of the invention include, but are not limited to, sodium
hydroxide, potassium hydroxide, and cesium hydroxide. Additionally, chemicals
such as CNBr may. be used which can break certain peptide bounds, thereby to release
the labeled protein from the solid support to which it is attached. See, e.g., Uhlen and
Nilsson, In Proc. Biotech 85 (Europe), pg. 173 (1985).
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chromat ogr aphy nedia or resin, the covalently bound protein is rel eased
fromthe affinity nmedia or resin. Methods for rel easing covalently bound

| abel ed pwoteiom3dzveam t he affinity media include, but arecmats2000/mdiiezl t o,
chem cal and enzymatic nethods. In exenplary chem cal treatnment nethods,
acid or bas talyze lxw i dgqm)g@ gggtnnmegrfere with
the WV abso@p?ﬁﬁon Si g%:%%gf%{%ﬁﬁ eapgrnyﬁgg}o nV\E ar be used in the
met hods of tohmemsnﬁfframemymerwbabdl@c)f digestizng apmotsin. IEW@@J}' @@ymnq)we\vé¢,ent aci ds
such as, loric acid diva SiHel ¢ acid,
and tri vaI e taf’fcll%gém Ohe8s SlﬂSB?PS’?nl gﬁyé%ﬁt%%él&jhe@%ggma%dées e\/\}ﬁl ch may be
used in the rrethods of the invention include, but are not limted to,

sodi um hydr i’ otassium hxdrom de ancesl U{n hy%r O&B%e Adgitionally,
chemical s st ?ﬁ;ﬂ%ﬁ?” c‘éi” : i 5 G peptT de bounds,
thereby to rele mafically, Lreat ueé!i—'!n fromthe solid support to which it
is attached. See, e.g., Unhlen and Nilsson, In Proc. Biotech 85 (Europe),

pg. 173 (1985),[0054] Exenplary enzymatic tr atnent met hods ude, but
are not i n{otoéﬁl t Hehegigllyer %W?y@ﬁ?iﬂﬁ#% “8?:1‘5 Sk 1%?“b8‘?qé‘81§& 1?115: é‘ltﬁr ot ei n.

Exenpl ary epayifi®s ﬂaﬂﬁ:lulé@tefreet&kif)erﬂdtﬂltn%e édeilntaﬁﬂt doﬁtalrﬁ g dlgdsfeylﬂkﬂdel%d pepsi n,
chymotrypsin, ther m)lﬁxm n and subtl el gISI n. rc%g uorescence and

Prot ei n ConBietit &tg-GHA thsriluckrscare Af ¥ P“Ela"d%“@r?ﬁ‘if “T1¥%%d Resin

[ 0055]  Chenigadis ¥ é&froﬁ{mr'a@@ﬂﬂhtTEl@tr&ﬁmrg@&hmek&leWSd%ﬂHﬁlﬂh'y filtered
to obtain the p It)l cul ate free supernatant. The superpatant contains the

di gested | amﬂédltqﬂrlmtbﬁ diggstedproteindag., Prokran Ajand prdel Adeesentiisesetan be

measur ed, 5P icAY) Ybisi %e@&mmwmm&e g2 nm This
reading i ncﬁu%fEf gﬁﬂ\(}&gbg%rcp%cl o{ﬁ ctolgllt ributed an)é t he dllngéést ed protein

(e.g., prot elmelmaaﬂldoqj[ﬁ’cﬁx]é,l the gontritagiae from the ehegtiead) of engme aad fyorescentor der to
speci fi cal | g%e Ry rl@@&smera@hgg BbE uQEtQ&etﬁkcfoﬁtrﬂmnoffr&nconcem ration

or [PrA]), con ution em cal enzynme and fl uorescent dye
inthe fl uoclaml@ﬂloeertzmd,l[h‘@em&edlsed)wbelewbhfrmetemegT b@ﬁtbﬁldhteﬂ%n from

chem cal or,enz %n%ﬁ%;/%%{ %@ﬁgpﬁfcaluo%%gzm dofb 3o A6 éaaom; hehddif®od + PrA)

can be det ec¥e§ e startin em ca z me concentrati on
factoring i factolneAﬂ;loJ the cmmmmtﬁnomtmgmrescm tegortdye bmbmlwhmbb’he

fluorescent tag.or gan be orption at
peak of the° l?t?ﬂﬂ’igégec foé’éuon ot Bea op‘%écse%gsgaFP{r/Eg ‘LNJI\l}QgtI'}J&e/X%]?)tsat i on
wavel engt h, UM&XCltaﬂfhlewﬁﬁﬂdn(gthWXfZ@/ tll‘biermuo(lﬁ\yzﬁfﬁvmﬁ&ﬁ)ifodgeeh dpmncapéet ypi cal |y
obtained fr (t)yrlr)llcta{f}? olytglrr]lgé) from'%hse vepldch aKP an éxamplseuassu 1ng rtthte Q:)Ei\tn?c 1%}1 nction

coefficient for Protein A is 0.149, protein A concentration can be obtained using the

formula: [UV275—UVenzchem—U Vmax X f]/ 0.149.

[0056] Fluorescence is generated by excitation of a molecule at a certain

wavelength and detection at longer wavelength to receive the emission spectra. In
general, the optimum excitation and emission wavelengths recommended by the
fluorescent dye vendor may be used. For example, for the dye Alexa Fluor 488 from
Invitrogen, excitation wavelength is 495 nm and emission wavelength is 519 nm.
Also, fluorescence reading can be obtained from supernatant with serial dilution if
necessary. Fluorescence is typically read in a cuvette or a well plate format

fluorometer at a set temperature, such as 25°C.
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coefficient for Protein Ais 0.149, protein A concentration can be obtained
using the fornmula: [UV275-UWV enz/chem UV max X J]/ 0.149. [0056]

Fl uor escewmoeoimo3gmaer at ed by excitation of a nol ecul e arCa/useswADI142

wavel ength and detection at |onger wavel ength to receive the em ssion

spectra. nvgen rgAs ﬁ: %1.94%63}{ n%%;latl on and em ssion wavel engt hs
recomrended Me—#r-ugresven‘r—ggy'e—m may be used. For exanple, for the

dye Al exa Fluor 488 from I nvitrogen, ex0| tati on wavel ength is 495 nm and
eni ssi on wa@es@ngt h i dnHikSarious ridtbals af:domding@dhﬂd@imeééwengoman be obt ai ned
from super nat anttI

typical |y r@36 R gﬂ@%‘flfltgd B}OHeﬁu\[ﬁef?nall g Fl resﬁélg’ iwnugcéé}él% gtl Z set
t enper at ur elg) Suelsdeasfor&ﬁé)alc\ﬂldnonmmwed|pg>teEh uﬂheh ﬁmwam&atng@xﬁ [ 0057] In the

vari ous met hods,accordin |nv i oncentratjon of the
LR od” oy dehed Beten S el Ny e PRI BT S
needed for f&lhéhtl@ﬂJtﬁd;lélafetl(ﬁ{bl&ﬁleh@ﬁcﬂﬂﬁﬁhnbgl@bﬁimwhibhh@iﬁolaﬁd wsagbred as ng of

| eached protein ted nol cuI n exe met hods accordi ng
to the invefflG Y Ltbﬁsé'f é&fﬂ’t‘ a&f@(ﬂp S‘én Wmﬁfg‘& gﬂ%/ﬂ“f Eh \Rﬁie@ﬁ

i sol at ed USheE:RS %,g Féh%nﬁfung’gwbmsleée1@afséd ﬂathecdﬂﬁﬁwwa@@ hyedi a. In sone
enbodi nents, the eluted nol ecul e, e.g an i mmunogl obulin, is released from

the affini tlye%la%%ff@ggeépwerpéhi%l&%ﬁeﬂsjh/éﬂhmé@tﬁa on, RRY/pHempEATES

strengt h/ salif cGARGERIRchREes. aFHil/eQi dn@rm@arsawrg@ ¥iuBod o takedSt ep
changes. For exanple, in case of elution froma PrA based

chr onat ograﬁiﬁ?}nﬁeﬁﬁﬁl}i@eqlﬁyﬁﬂ‘}maﬂl}‘a iened D1 dovying dhesivting PEhie less thanen pH to

| ess than ral )% fiorPH 2 and 4.

Exenpl ary g? tﬁ?y?)or&gul# ;ﬁgﬁl;z %ﬁ%ﬂlggeldeghcag%“g%ﬁtgﬂdﬁﬁdm ne, mB tgy\% tric acid. In
sone enbodi trdfersincladencetnaaid, glyg®ei andaithie éﬁlédlmﬁomefemmfllmen‘él detiappfbuf f er at

a rate of %% g%éUe%?L do%&éfeh;l&%fgfgv b rE of: o%mé,cmﬁ%r@gz hbo%rﬁ)hﬁ 600

cnf hr or | ess | ess, | ess.
I n gener aI ortléss, M0@nehr drfess,fA00 wnvkatoe Jess, RGO cm'ﬂﬁemt g5, lbﬁ)qmg/htwlﬁﬂﬁeorrredl a and

t he 6| Utl On r#%hl,’ Cen rg‘etnlepagl 1(&\% tl?eatll vyra%%%ore %ﬁﬂmﬁ&% tﬁé Ild%al n fl ow

rate is <5 C ose e maxi anmount o gGit can
bi nd, and thﬂsheﬁatm&ﬂthdome&traﬁams t;npwdllyﬂyghapéfﬂiehyhe eEEmnmsfkmanmjmKS of 1gGis

used for stat c b| nd acity test., usually e msdl a maxi mum
bi ndi ng cap 18?%‘51’%? to%iﬁémé% T Off?th 5311?13 e| n R is usually

defined as ﬂ&@:h@i thBl’sﬁhebmdﬁig[nepiachy; Bicessgimaunt (fdp@tis wad for static binding

capacity test, usually >3-5 times the media maximum binding capacity. Accordingly,
the amount of leached protein A is usually defined as ng of Protein A per mg of IgG
in solution.

[0058] This invention is further illustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and
published patent applications cited throughout this application, as well as the Figures,

are incorporated herein by reference.

Examples

Example 1:  Labeling of PrA Based Affinity Chromatography Resins
With a Fluorescent Tag

[0059] Controlled pore glass based protein A affinity chromatography resins
(e.g., ProSep®-vA High Capacity and ProSep® Ultra PrA (Millipore)) were labeled
with the Alexa Fluor 488 dye. Briefly, 1 mg of the Alexa Fluor 488 dye (Invitrogen,

16



[0058] This invention is further illustrated by the foll ow ng exanples

whi ch shoul d not be construed as Iimting. The contents of all references,
pat ent s awmo 2pubisdp®Bed pat ent applications cited througheat/uskes/ 005142
application, as well as the Figures, are incorporated herein by reference.

Exanpl es Ex e 1. .Labeling .of PrA i Qi : Resi ns
Wih a F uor BosEh AR Fovtar sl S SRophcL Ayl TRy
affinity chsfaneRogesdphys tresedsitii NaHCO; B bBeyH B W), wacuunydriedapd phekgd and
ProSep(r) Utra Pr M I 1ipore)). were labeled. with e exa Fluor 488 dye.
Briefly, 1n*ﬁt°ol?> “E“ﬁ@v%ﬁ@ﬁ%"@r"e}{}% 254’5?%??@"{‘?‘%\‘/“1’ PPSoIg*‘é%efl%arC&'bad, CA) was

di ssol ved i gpprbaniately 31nlsaff NaMBO); whb pddeditoredck kyluBinané thefcokawh asf  t he Pr A
resin was treated with NaHCO (0.1 8. vacuum dri nd.packed into
157 s Ever gpeidsrpmed m vt Ropdift i ¢ B8 el

Appr oxi mat elofur MduebNabiEReMBs atdeed hbwrs easdthaaborhdgndlutibe wasl urms ar e

capped and wrapped in alumnumfoil. About 100 of the dye s added to
each col umﬁaddﬁ‘gtoﬁb‘i codymp andHhpksn ff)b?nogtﬁbm“fo.%he WP wa ﬁ%ﬁ?ﬁ%?nt%o n dye

sol uti on wag,Addst +antd@r&alnsTitni8oshastmd Wiunkelf MaHJMesch thig col um
was subsequently slurried and washed three tinmes w th about 2 colum

vol umes Of NaHEO®s s4bbeyt Zecolunky wdumesiat 20%4iethanelisach twe angl ise Wbt umes of 20%

et hanol each i v MnEEo MU RC@RALY tige COl UMM vol unes O NaHCO each ti ne.
[ 0060] The {bgkie%é&?eg% ns V\o/ere subsequen%ly divided into parts of 1 m and

t ransf er r edl006@lo vi al SThefshelediresis wergppbyegaently drvided itorRarts Pt { ik 2 yor escent
Tag Label ed_Pr. .0s..]. 006 1] One fraction of the fluorescently | abel ed
PrA resins t\f\/glgégjggglégﬁlg{ﬁt ly enzymatically digested. PrAresin with no
fluorescent |abel was used as a control. Briefly, 1 ml of each of the PrA
resin was treated with 0.1 M NH4HCO 3 and vacuumdried. Trypsin was

di ssol ved i Bx&ingle[®t NH 3 ] M the k esaentiTagil.abgled P¥A was t aken
such that iReshss between 0.7 and 1. About m of the trypsin solution was
subsequent|y added to each of the resins and incubated at 37C for about 2
hours. The jooeljbat ed nmeki feactibnibf the Wasrefciehttydlnleeded FrAcagihs was7 nl Ever gr een

drippy col uém)sé[q?lerlit erDn\zlﬁnEEtngllf éili%gsrtfpd{?l tIf’li'Rtresfil{ it ;[up ﬁu%&ler?t'laﬂ:e'l l)v;lg el as ,
a control. Briefly, 1 ml of each of the PrA resin was treated with 0.1 M NH,HCO;
and vacuum dried. Trypsin was dissolved in 0.1 M NH4HCO3 and the UV

measurement at 275 nm was taken such that it was between 0.7 and 1. About 3 ml of

the trypsin solution was subsequently added to each of the resins and incubated at
37°C for about 2 hours. The incubated media slurry was filtered through a 7 mL
Evergreen drippy column to remove the supernatant from the media. Filtrate
measurement was taken at UV27samp and UVa7samt of Trypsin was subtracted from
this value. Also, a UV49snmr measurement of the filtrate was taken. An extinction
coefficient of 0.149 was used to obtain Protein A concentration using the formula
(UV27smmp X dilution factor — UVa7snmt—f X UVagsnmr X dilution factor)/0.149,
which gave the concentration of digested Protein A, [PA]. The value of fis the ratio
of UV extinction coefficient of the dye at UV3750m/UVagsnm and is provided by the
vendor of fluorescent dye.

[0062] The fluorescence of the above filtrate was measured at a ~2000 X
dilution (with 0.1 M Glycine), which gave the value [FLgigest]-

17



measur enent was taken at UV275nnDand WV275nmt of Trypsin was subtracted
fromthis value. Al so, a Uv495nnF neasurement of the filtrate was taken. An
exti ncti omocowidizBent of 0.149 was used to obtain Prot@Ch/uA2@90eaat r ati on
using the formula (UV 275nnD X dilution factor - WW275nnl-/ X W495nnF X

dilution f tor 149, whi.ch d Protein A
[IDAiJ | The e}’}legl 'ﬁﬁ%i—uﬁ £ tt fc% ﬁ‘gﬂ&{/gﬁ'tlg%a clg &ﬁﬁh@f he dlye at

UW275nm WV 495nm and L labele ndor of fl uorescent dye. [0062]

The fluore e of the ove filt rat di lution
(with 0.1 ﬁiﬁ@};ci ne),rf%ﬁ?lb'ﬁ‘e CatreniAi@hGiaf® pﬁﬁﬁ%‘m&eﬁh E‘i“glg%qe&(

Measuri ng I;géieEIAJazIsed Emlﬂctﬁamrbmhtogfabﬁtmmnsw@apiatcnnmed;a&ibllo\hs Label ed and

Unl abel ed Resi ns %3% ?G el uatg con flrat n/hse'%grt | $ 1588 dtl es of

| abel ed andVEHP%E PG FPRAAS B8 &Y f°1a hEONEI0grapiy” Fesi ns wer e
det er m ned B4 rkgh lwma ﬂub&mfagﬁfstupcsfthemaamooonamepwrdsm veittsligGafori ndi cat i on
of whet her or not | abeling of a PrAresin with a fluorescent tag disrupts
the interact®®h®of the PrA resin with 1gG for exanple. [0064] Label ed and
unl abel ed %664]95| NS Wab&eEadundand Pedrdsins date cach mbBsredbv & hdr een
Scientific, Los Angeles, CA ) wth tapping. Each sanmple was . reslurried and
equi | i br at elnesHE{@Eteen %‘T‘elﬁ’é“cmspﬁﬁg é)g’& tarﬁ’BmBEBF sapBlesYas | ytion by
gravity of Bﬁtﬁﬁé@%ndj'e%ﬁﬁ&gﬁgwﬂquolrﬂwqoMﬁ)ﬁ&pﬁﬁ@bﬂm@ﬁuﬁﬁr(ﬁBw of 0.1MpH 2

glycine. Elution was discarded. Another of H\P ? gCI ne was
added and tlalstlmbugrewme@ows@e&C@rde%dW@M thepdditign of 5 g eEY-OM of PBS
wer e added a fh%f?nﬁBPO@ Lt Py e Wwastdagf ~50
ng/ mL pol y gﬁHL %{‘%Es)ﬁdap&s éjéldcﬁ&%M | waukee, V\*IJ qg%l se vvass fol |l oned by
anot her tvvoarﬁ the elmmwa;mgllmed%@bkg&l TwpBslpeiony of BBSvEGHEdesiiogr avity wer e
di scar ded. [ gliigte was
col | ect ed, %aé%lrﬂgthg%eghbe%l\éthwﬁg@%g%ﬁm? °’3g§§’?gr4‘gng’8%tﬁﬂnon %s added and
the el uate (SigncaldietMidvaikabelBd This warfollowedpy reetbartemsml pattiorgof nm was
taken for el g f one
Stoh exper | HES S P PR oG 2GRNSR Rrdeh foint RErl LM BECT
depi cted i nz)m@uﬂeed&ndﬁxe clienrowat qodleeet, bapeled guFRy. Anothet 2md of glyeinef each of
the PrA reS| di sr upt di,t
f 1 uor escent %@ 5’“ W&S?ﬁlﬁ‘%gram@ﬁﬁ ?u,&fe 0 € H%Cg%r fegﬁrgreel% & ot* &g?q%&%lg%§0| ties are
depi ct ed i natt2ise nihatds@akien féri c@tﬁﬁrﬁn@eluhon IgG concentration [IgG] The results of one

such experiment measuring the static capacities of the PrA resins is depicted in Figure

2. As demonstrated by Figure 2, interaction of each of the PrA resins with IgG was
not disrupted by the addition of the fluorescent dye to the resin. Also, measurements
of static capacities are depicted in the Table in Figure 2.

The eluate concentration [IgG] is measured at Ajgonm using FR; X dilution factor +
Assonm of FR, X dilution factor)/extinction coefficient of IgG. Fluorescence is
subsequently measured at 519 nm with excitation at 495 nm using a Jasco FP-6500
fluorometer (Great Dunmow, UK). The fluorescence value of FR; and FR, of
unlabeled media is subtracted from that of the corresponding labeled media. The sum
of the fluorescence signal of fraction 1 and fraction 2 from the above is further

subtracted by Fryygq to obtain [FLig]. Protein A leached from the resin is calculated
using the following formula: {(FLigo)/((FLaigest)/[PrA]))}/[1gG].

[0065] The specification is most thoroughly understood in light of the

teachings of the references cited within the specification which are hereby
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The eluate concentration [IgG is neasured at A 80nln using FR) X dilution
factor + A280nm O FR2 X dilution factor)/extinction coefficient of 1gG

Fl uor escewmoeoim3giBsequent |y neasured at 519 nm wi t h ex@ecrasSzam/08142195 nm
using a Jasco FP-6500 fluoronmeter (Geat Dunnow, UK). The fl uorescence
value of FihcapdaklRy tdrertiie g eflodBtlbdls b anduhd BGhfiohpRisdnal of the
correspondi ng pel et I a. e sumof the fluorescence signal of fraction
1 and f ractillostrafion pemtiodanentson ¢hip mventionisnd shoylsinosbe @HISWdF?%R@dtSto obt ai n

Fol | o ng 1 59kI e SKUEREBE Tt Snb iy SRePHLAERASAED 110

speci fi cat i @rompassaidly thisdrveotn. yAlupubdicgionsehd andnltlgtrﬁtar@)fnC@merathé?Uhl ngs of

t he referenc s cited within h t cor por at ed
by referenc® ereﬁ‘i%met Bﬁftﬁ%tﬁt EOWI te%%n{ {hﬁ%ﬁ‘e ‘l“%“m“’% Og{ﬁ[g%ir%g{/el ég%d'cgn
illustrati Ocrbn&ﬁmetebﬂdlnmaﬁilﬁemmlmhhSpmmem:mﬁcnuandhshmsdndsmotﬁctimnconst rued
enbod ment VAT PR BRSELEA A e SADR L B R B Pastdhs and
i nventions adsdidiabatRachveReenoys arref)@csrametheq)résbﬁlmveamn rety. To the extent
that the material i ncorrﬁor ated by. ref e‘ié‘ﬁr’i‘t‘ ontradicts or. nconsi st ent

with the pri@8e&dt specilf ?,Séﬂh@ﬁ“s indicafp ﬁ‘éE}‘RrF%QﬁqB?P%ef P%supercede

any such magefelirhis, cENRukirt afda@ien®Eonditions, ah@s LR Ssddeh BidbpedfidhGibn,an
adni ssi on that such references are prior ar i nvention.

[0066] Unl emslugingeleiins areith e Baieatpod a?FPEIH&H’BQ@S&?’:]}‘é‘gég‘}s‘?ggﬁﬁlﬁﬁ?%| es of

i ngr edi ent sy,pG@1 AGéHr&Hgl? urﬁés,@a&le?%me i8@BMéd oMSconaRd, &6 nhiMedidal used in the
specification, including clains, are to be understood as being nodified in

al | i nst anceasamgfers e appioNimaiiopyandmaycest dRPARE UneRIteesdesBedRIPRATESS i ndi cat ed

to the Contéo%%P{t’t b GotROEDY ﬁ@bre@él{tﬁ%ﬁtﬁ{ns UHi&s BMBRAN iABiLAa) theatieh may vary
dependi ng upo %e desire roperties sought to be obt ai ned by the present

i nvention. Tatleastd prscérbinam @@6$ leeanésdls tot reindersiopd fprrefes tseveryieRadi ng a
series of ¢ qﬂ?%&’l?? e%ok@s@ﬁedqﬂ%rﬁtt%q A ﬁ)Va%Eéftaﬁ-J Rt i N the

series. Those s I'n the art ecogni ze, or be able to ascertain
using no rmmerettharroumu:tmperlmmwmmmyaﬁtqubfnlenm@e sppeificambadisnents of he

e i nt endetiorboporeRgnsaBiel Sl A AR e ARGl e PR R

nmodi fi cati oths felluevivgdlaiatsi ons of th| S i nventl on can be nmade w t hout

departing framyits Spigil, andessone. A% Wd PEIARMAEH iR Shpse skill ed

in the art. speci f e5E1™ erein are offered by way of
exanpl e onl without departing from its spirit and scope, as will be apparent to those skilled in the

art. The specific embodiments described herein are offered by way of example only
and are not meant to be limiting in any way. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the

invention being indicated by the following claims.
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and are not neant to be limting in any way. It is intended that the
specification and exanpl es be considered as exenplary only, with a true
scope andwephrowomdB the invention being indicated by thecralsbanoniy42
clainms. What is clained is: CLAIMS 1. A nethod for quantifying PrA | eakage
froma PrA based affinity chromatography resin, the nethod conprising the
steps of ! (Rkal RRRLLPSist Ne PrA based chromat ography resin with one or nore
fl uorescent ; J'%géi viding the labeled resin into equal first and
second parts; (c) treating first pagfhih suitable neans to rel ease the

| abel ed PrA fromthe resin and addi g am excess anount of i nmunogl obulin

(1g) to the second parf.q(fo TEASNibIBA LHAREREANCE AN 4B5E) and PrA
g %?pgi e SR R P

concentratign Pr A .0 . the first part in step (c);
and (e) nea%ﬁ?l}(’%&gr?ge irﬁSI?’gﬂee bate concentrat, Sﬁf'([lg]) and fl uorescence

nd (e) | q)) _
| eakage ?sagyliﬁt i ooy Earig e PR PSR ERE g R e N RpeBpo T T 77

A met hod f ot YeSHEE5i ng PrA | eakage froma PrA based affinity

chr omat ogr aphy resin,_ the netho ising the.steps, of.: labeling th
P{jﬁ based chromat ogr &Phy A& “hg'\%fW?glgiéesg‘rlgtﬁﬁﬂléal?‘Irsggrr’%sseg%rﬁ# 2gs: (Ib)g ©
addi ng an excess anount of i ogl obul i n. to,.the |abe S| d
measuring resin | g el®at e T6HHE ’t’ﬁtg’érttiwé Sr.al ?&e {inﬁggeq%eft %%g'%géﬁrs/\l Sngln in
an 1g el uat Bompthq yin pRGAidingencEesshamppnt USR5 PP om t he
Irezlln BOLI 2\9@?@ by Lreating the resin with suitable neans to rel ease the
abel e r romthe resin; and (d) neasuring flugrescence .(FLd, gest) and
PrA concentration ([ RDA]) MEAYFRNE OIF?CS%L‘%‘?E(EL%eSQiaﬂ‘,hjg%‘é(?r@iswaﬁé’% I egkag)e is
quant i fi ed GPrAdhfremths wreatpdresn inghe first pargngeB(9)7 8 A1)} /[1g]. 3. The net hod

of claim1, wherein the inmunoglobulin is an IgG_
(e) measuring resin Ig eluate concentration ([Ig]) and fluorescence

signal in an Ig eluate (FLyg) from the second part in step (c),

=

wherein PrA leakage is quantified by calculating {(FLig)/((FLaigest)/[PTA]))}/[1g].

2. A method for quantifying PrA leakage from a PrA based affinity
chromatography resin, the method comprising the steps of:

(a) labeling the PrA based chromatography resin with one or more
fluorescent tags;

(b) adding an excess amount of immunoglobulin (Ig) to the
labeled
resin and measuring resin Ig eluate concentration ([Ig]) and fluorescence signal in an
Ig eluate (FL|g) from the resin;

(c) removing residual Ig from the resin followed by treating the
resin with suitable means to release the labeled PrA from the resin; and

(d) measuring fluorescence (FLg;gesr) and PrA concentration ([PrA])
from the treated resin;

wherein PrA leakage is quantified by calculating {(FLig)/(( FLaigest)/[PrA]}/[Ig].
3. The method of claim 1, wherein the immunoglobulin is an IgG.

4, The method of claim 1, further comprising the step of removing the

leached PrA using one or more of cation exchange chromatography, anion exchange
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4. The nmethod of claim 1, further conprising the step of renoving the

| eached Pr A using one or nore of cation exchange chromat ography, anion
exchangecwoanawmsgivaphy and hydrophobi ¢ exchange chr omat egraskeos/ovsak
partitioning chromatography, hydroxyapatite chromatography, or any

conbi nationg_th i 1 ih&hihd UOr escent tag
is select edC%forr%fﬁﬁg%? %ygarﬁ%Bg&g%ﬂﬁii%}%ﬁnﬁ%&r%h@%m%%g{eﬁlﬁ}gasr?ﬂ%ylél ght 488,

Hi Lyte Fl uoshret@8ographyydr@Fapatite Guemaipgraphy, or anylsembinetens thfreef| aj m 1,
wherein the suitabl e frean [ ] ; #et hod of
claim1l1, wherei 'thengﬂeg’ﬁﬁg%ﬁg’iﬁl%%gﬂhg?suo%%\%?{ng??%:Se%erzgg;ﬂr%glnt. 8. The
met hod of cgrawproAsistiiparfeilexatfieoreiddybpight4a8; HatyteRluocdidp A4, Shandyse of
trypsin, pe(gﬁi M\%Eym)trypsi n, thernolysin and subtlelysin. 9. The method of
claim6, whe 8 he chem cal treatnment conprises use of an acid or base.
10. The method & cl ghewkthodloéclainn 1 twierd?n Melsarabie mbams vempgseaphy resin is
sel ect ed freemidaetrétiae. consi sting of ProSep A high capacity, ProSep A
Utra, ProSep Utra Plus, Mbsel ect, Mabsel ect Xtra, Mabsel ect Sure,
Sepharose Proteim A, $as methbddf Baiat BiwheAiathe sHtabteahernSephpisese Fast Fl ow.
11. The net&edmaic ©dadhéntl, wherein the fluorescence is nmeasured using a
fluoroneter. 12. The nethod of claim1l, wherein the Igis eluted using a
sui tabl e pH. 13.3 The g feedd@f clalnd7/WHereiiRIeBiyindtitarehnenscamprzed thoal . 14.
The met hod @k oftrgpsih, bepsihi@iyRiofryhdi thegmbysip@hy edboebin. 15. The met hod of
claim2, wherein the imunoglobulinis an 1gG 16. The method of claim 2,
further conprisigig tNgeSiefRd caBfBWRGeih B dneakhettabhidht behpgseoti® or nore
of cation eychap@e:eM0mat ography, anion exchange chromat ography and

hydr ophobi ¢ exchange chromat ography, weak partitioning chronat ography,

hydr oxyapatite cly omefQarARRAGf cRim ANYh&GQA M TRAIARS dhbihf8draphy fesifRe met hod

of claim 2, yherelii B8 dubUohEne BF Plodsh Ahigdagski@dplbsgmithea,gr oup
consi sting %ﬁg‘*@m 1%&3%%@&1, Mgdsug&txgt%?ﬁﬁﬁf YS@re,@e'ﬂﬁiroéc&&iteﬁrzﬁAM SE and

6-FAM  SE. Sartobind Protein A and Protein Sepharose Fast Flow.
11. The method of claim 1, wherein the fluorescence is measured using a
fluorometer.

12.  The method of claim 1, wherein the Ig is eluted using a suitable pH.

13.  The method of claim 1, wherein the Ig is monoclonal.

14. The method of claim 1, wherein the Ig is polyclonal.

15. The method of claim 2, wherein the immunoglobulin is an IgG.

16.  The method of claim 2, further comprising the step of removing the
leached PrA using one or more of cation exchange chromatography, anion exchange

chromatography and hydrophobic exchange chromatography, weak partitioning
chromatography, hydroxyapatite chromatography, or any combinations thereof.

17.  The method of claim 2, wherein the fluorescent tag is selected from the
group consisting of Alexa Fluor 488, Dylight 488, HiLyte Fluor 488, 5-FAM, SE and
6-FAM, SE.

18.  The method of claim 2, wherein the suitable means comprises

chemical treatment.

19. The method of claim 2, wherein the suitable means comprises
enzymatic treatment.
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18. The method of claim2, wherein the suitable neans conprises chem cal
treatnment. 19. The nethod of claim2, wherein the suitable neans conprises
enzymat i cwoneswasesys. 20. The nmet hod of claim 19, wherei nPCmaISeo@poHULL C

t r eat ment conprises the use of trypsin, pepsin,chynotrypsin, thernolysin

and subtlelysin

conpri ses c
Pr A based t:{ roma{ggl?ﬁn
ProSep A high cg

Mabsel ect Xtra

and Proteir® §%5ﬂ

fl uorescence |s

wher ei n the I

wherein th

pol ycl onal .
23.

fluorometer.

24.
25.
26.

@3

ltra us, Mabse ect bse

J@ 154 Bt 19Clvﬂér@?n]t§e er}%}ﬁﬁﬁ‘d ot chapiieal treat ment

G thelil hedivatiyghai m 2, wherein the
réS|n ?zpse é%te fron1theygroup consi sting of

ﬁe mftﬁn%ﬁggclég” sf,]cvﬁereﬂ SARmia &@analeﬁ{%om%&% ghect,

ar ose roteln Sartobind Protein A

5 ‘Fast Fl ow. 23 The net hod of cIa|n12 mhereln t he

A Caelisa R npck%mf%B% els%sgfc géed Gl xvéﬁy gaim?2

a c ro €
%%IP% Xtra sel%‘ﬁ ure epharos Fote%h R the lg is

Sartobmd Protein A and Protein Sepharose Fast Flow

The method of claim 2, wherein the fluorescence is measured using a

The method of claim 2, wherein the Ig is eluted using a suitable pH.

The method of claim 2, wherein the Ig is monoclonal.

The method of claim 2, wherein the Ig is polyclonal.

22



