METHODS FOR Q JAN TI FYI NG PROTEI N LEAKAGE FROM PROTEI N BASED AFFI NI TY
CHROVATOGRAPHY RESINS Rel ated Applications [00011This application clains
the benefit of priority of U S, provisional patent application serial no.
61/ 192,082, filing date Septenber 15, 2008. Field of the Invention

[0002] The pr e RTHODSFORWMUARNTIEEENG @ RELINOCIEE ARA CREROM WRGIPVt ei n

| eakage from protein bpgEh AFFINIY CHROVRITEERRPAY RESINS Sel ected from
protein A based affinity chronatography resins, Background [0003]Protein

based affinity chromatography has been widely used in purification of
protein, DNARegRd QbhRLtickem cal and bi ol ogi cal nol ecul es in various
scales, ranging fromTlaboratory, pilot to production scales. See, e.g.

Her manson eI 11 1 Mo m c Press
The San Di ego(ﬂjo& bmlé Zp_‘?ﬁca?ifoﬁ %mrﬁyth%b%ﬁgﬂ%ﬂﬁﬁgﬂg lﬂﬁ%t é?%ﬁﬁ%%é Pl A) based.
affinity chr @mt@gplm@hwseelslms%(i%?%él filinerdsionSeateehbar &QQQO&Jsed met hods f br
detection and/or purification of imunoglobu HES (l1g), however, they each
have different specificities with respect to binding | g. [0004] As an

exanpl e. Pr AFixdd efikhe dagativs have especially found a

[0002] The present invention relates to methods for quantifying protein

leakage from protein based affinity chromatography resins selected from protein A

based affinity chromatography resins.

Background

[0003] Protein based affinity chromatography has been widely used in
purification of protein, DNA, and other chemical and biological molecules in various
scales, ranging from laboratory, pilot to production scales. See, e.g., Hermanson et
al., Immobilized Affinity Ligand Techniques, Academic Press, Inc. San Diego, CA,
pgs. 317-346 (1992). Among them, protein A (PrA) 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 biotechnology, 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
Sepharose™, rmp Protein A Sepharose Fast Flow, MabSelect™, MabSelect Xtra™
and MabSelect SuRe® (GE Healthcare), Poros MabCapture A (Applied Biosystems)
and Sartobind Protein A (Sartorius).



wi despread use in the field of biotechnology, e.g., in affinity

chromat ography for capture and purification of antibodies as well as in
anti body detection nethods. At present, PrA-based affinity nmedia or resins
probably are the nost widely used affinity nmedia for isolation of

nonocl onal anti bodies and their fragnents fromdifferent sanples including

cel | cul turesufieeRy dF @ Divené@dhi OUS matrices conprising protein Aligands are
comerci ally availTable 1nclTuding, for exanple, ProSepg-vA H gh Capacity,

ProSepa VA Urjgos) and PAR’(%%EI( Iobotkh bhREh it Mnjohllafl\agf gﬂy @E‘iﬂ T P&k AN
SepharoseTM ri m Protein A Sepharose Fast TM~ MabSel ect

Xt raTM and Nbbsséla‘é"emtysm@@@wgraphfreﬂealarmmlwesuﬁi@i@6@th\mmémtmn@fA (Appl i ed
Bi osyst ens) t L ﬁrg@%y nventi on
[ 0005] Al t hougﬂé1 g?%rtrg?% geaseg'lhq}flﬂtﬁlﬂge?gc%r ollrrlrgltﬁ%)o rl%bgﬁ )slflgissetomm.l, protein
A based af fi it graghacrintho dpakggieyf theprotsin, eg.eprofeighht, ;froma%fp pbibh@togmphy he
purification | nd to.the

i mmunogl obul i ﬁlglm?Q% %R&% tl?ang'lt X o‘}%t iéCUMf?Jge&t g 'ka%l l}sn%?jﬁle)glﬁlélg nage of the
protein, e. gez&an}[p‘le)tpmtﬂnA bakedoaffivihechcdmaogbmgriapbhly deditabie fod longg seald h the

anal yte or nol ecu [ est nogl .

protein A bad&d" &%ﬁl?l? Pﬁtatrvg%cﬁ Bed’?lgs&%%f’ %blm f‘%"%&aglyrbé%‘i %&?’?ﬁleﬁ ge scal e
puri ficati onhiph calﬁﬁcitjaé)ldi bSach&:vg).g higheaitss @owéve, tiacldal HrAt Yechmseppcowncal | y

bi nd anti bodi ez lg ac t and or ac i evi n H ﬂ @)url@o/ however,

| eached PrA, %%Ct \‘WF“E @iHP i G4pPU XP?‘VI Feand"ts | ogy profile,
is usually cofpirdpies idhudbdesilinallag. iAToHingl, insoal asmnogie@mkmn el uat e.
Accordingly, .in sone aspects of the present invention, is desirable to

moni tor PrA [ESRERTe !t SFsiAbS tﬁé‘!‘é‘l“? I?réﬁﬁ%g‘? qnd; yltinagiply éﬁﬁ%"ﬁ’t‘t Bhr omat ogr aphy

steps. For exapdent RRnaeitaph si¥hd) FBr 21 oh€ AkABEMinEm O PHS RaltlpAid €si s
which exhibit the | owest anount of PrA |eakage from a chromatography

col um.  AccofUPsEgI4s resing védkexaipjidea lgyest F\@O%Pﬁgﬂ’sle@fag? HemM# esent i nvention

may be used Eﬁ%rﬂa%%&bh}f &’dlﬁ’rﬁn pAQéo?dﬁ%?% eShedshédN, the I RTRE @G HARGY resins
i ncludi ng, but not "Iimted ased affinity chronmatography resins,
whi ch exhi bi invepféon| r@wel@tusedrr@umenmfmnlg@nggéasred éfﬁﬂ&}’éhflomﬁl@lgt?@hhml}ls col um.
Such protein r r ins as
wel | as those'R hﬁnﬁlbplbﬁx%ﬁgelﬁogg%g |a%ﬁ)r1]?$e ure ?oog%] é®§of
Enzynmne- Li nke@hellamﬂnemombaﬁleamgsaym(aﬂllrmognMGObnmeéncmlgoass@y@ have been

devel oped T oLl SELhIBARLA | LAKATEAL LAMCRLATR 06! AN, GRITIS peHOREveT

nost of these as s ar Ive I'n nature an enera h| bit a
hi gher vari akib‘leﬂ(tpjzd(rethgfqtura 25% to be suitable as an anal yt| cal tool, fbr

exanpl e, for i di ng i son PrA based, a ogr aphy
resins, i denl[(ﬂogj/ ng re‘%lnﬂlgg‘?rﬁg “%Y%he' 'lnke({ﬁ‘ n8\slx%l§ tAssa?]:q}t&‘(LgA)%?sﬂdl eakage
and for noni kaednirg dseashad bRen’ddvalopst fobodactief BEA akqgodlom after affinity
chromat ography and th bsequent chr orra ra ste 00071FI uor escent
Ca0s have bobloReEa R B HeRPal T RHe A R PR e because. o
hi gh sensiti vhd yenanty sglisic highdrvaagsogiat.ed 23%9& Ul egsn alyti@kanpl e,

| eached Protei n fromaffinity resins has hee ?J%/I ousl det ect ed using

fluorescent Rpedor F¥ane e I POy Sy ROEPAHRPE 053%[’. 9mf1t88ra@'@her ating

qualitative 'ré!fn@hﬂ&{tifﬁﬂg re@mﬁlthat &i&tlﬁt%é RivestaRbuftPOA [dAKkAREIaHE f@NY
quantitative information anmount of |cadted PrA See, e.

Car t er - Fr ank Mogitorge 1@@@@643%& ‘ﬁéptll?ﬂdy chtiprraedyitepRYINAY carpgiogrghy angy ( 2007) .
[0008] The presenbschibnettrbAobSpili et ed, at least in part; to quantitative

[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
fluorescent dyes, however, such dyes have been used mostly for generating qualitative

information, e.g., detection, and do not provide any quantitative information, e.g., the



nmet hods for detecting protein, e.g., PIA |eakage from chromat ography nedia
or resins using, e.g., fluorescent tags. Methods according to the invention
exhibit a variability of |ess than 10% and are especially suitable for
identifying PrA chromatography resins which exhibit the | owest anmount of

PrA | eakage. a0 3t chcted OrASHRCE g ACKA Sir&itlih, Qs L) Soupiae sEOkromaNeRAbhPN, a
nmet hod for quanti f;{ﬁl}ﬁn?]s]PrA | eakage froma Pr, A based affinity
13-

chr onat ogr apHy 1+&5 BPVi ded, where the nethod conprises the steps of:
(a) labelingrggag) PrA bagegdehi Rt QGE aRRYed 8SL43 Wiphf 19QRarRfatFRY €

fluorescent tags, éb) dividing the | abeled resin into equal first and
second part s mefhoyls tor deieiting pfateiste faird, lgpitalge Fomtchsmatopeaphy mediaras| ease t he

abeled Pra LLAILGRE L5830 ags?g\@%@;gg%&{@gﬁngﬁem% ckf@iph g the second

part; (d) measuring orescence concentration ([PrA])
fromthe treatradilitesf lassithant 1986 fridrase espenidllyisnitaeefor {[dedtifyimgdrfe) neasuring
resin I g elutjon concentr.ation . | uo C i inan lgelite
(F1 :qg) fr omei“ ga%é@gﬁxjreﬁlg%wﬁlﬁhg é%pglg;lqwe\ﬁgﬁogggﬁrﬁel%%eé is quantified by
cal cul ati ng [{0B2H0/ O1Hk odé gptdPréebydingvo thOft@hi invanon,renethspfect according to

th t i ti thod f L fyi PrA | eak f Pr A
based af 11 ni CYTERERAGIER G adfh HEARRY sl aitetr T (R E T aoR Bk conpr i ses
t he s]E Ieps of :Whél?)tl:[ld ragbd it;m;frig?_tﬁ%f fAezasad) lalbﬁliﬁgﬂted?gt Aa:]?ﬁ_yl chizﬁriafbﬁvdp:htabolnedor
more fluorescent tags; ing_an excess. anp of i.g.to abel e
resin and neé?glr‘?"ﬂbg‘}e& g"l‘?r"i ,Or‘éSF%F {38 (Eb‘ﬁﬁéﬁ’tgrthﬁu]?n%ed(rf?ﬂgﬂtc? e‘&ﬁgﬁrs‘t

fl uorescenceagd @6&@ld gafts;ap) t}e@ti@% tidsepaer Wikh-ouith1e Mekii@o F&kdithe (dbkled @FROVI NQ
residual Ig fromthe resin followed by treating the resin with suitable

means to rel &88dhe rainjand addieg orexcess aRPYT & [ed8itle: sectnd e (dhPsdstirinthg

fluorescence ﬂ(léh%scém%"(Fid,-g%D AnPPA ERRGRALSAIPA) £t tealeti 988id KL figat ed
resin, where PrA |eakage Is quantified by calculating Ft45)/ ((

FLdi g") /[ Pr ABVE gifep (Foend (e) merfrtingisainily clutipn spoeantgighilisy a8 be bound by
For cuant i Fy e R L 2 B e B lr T rom
a. protein b&skaeasf quaniifisd oivalsiatiog tEpY(HethotPrddedigibr i sol ating or
[0012] Acoor drogp]. f o' ap 3Rk ccoral T BRMLR HhBMont RO A, P 011 1
i nvention, aquatifoe Py legagntrpmhyai Bid basedtagimtyl chmkmgperdphp nasan ippotveled, based
affinity chr Qv%}e?lgerr%&ngd 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 (FLjg) 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 (FLgjgest) and PrA concentration ([PrA]) from

the treated resin, where PrA leakage is quantified by calculating {(FLig)/((

FLaigest)/[PrA])}/[1g].

[0011] Additionally, without wishing to be bound by theory, it is

contemplated that the methods of the invention may be used for quantifying the

leakage of any protein and/or fragments thereof, from a protein based affinity

chromatography method used for isolating or removing from a mixture, an analyte or

molecule that binds the protein.

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

method for quantifying protein leakage from a protein based affinity chromatography



resin is provided, where the nethod conprises the steps of: (a) |abeling
the protein based chromatography resin with one or nore fluorescent tags;
(b) dividing the labeled resin into equal first and second parts; (c)
treating first part with suitable neans to rel ease the | abeled protein from

the resin angsaddbRgided EeEHS meBY BémMisedihe i oft @) laBainghhdgistetne protein
to the second part; (d) neasuring fluorescence (FLdt") and protein

concent r at i oRAEf PRPatoEEalY Ken (il ane gr mass fhorescephiaes (Mhividiag thei n step (c);

and (e) measyikRE rdsBiShid galYd SndBletdddPars DGRAS Afids QR idl @bttt el ) and
fluorescence signal in an analyte clunkfront the second part I1n step (c),

where Pr | eakeges tp selepsatheilgbeled projei &pmuhatepingnd adding an excess amount of an

(1110 2y, Sheingugt v)hd] FE btd 78] ¥16l o0 ALLAGADBIBELARSRPEL. gocordi ng

to the present 1nvention, ying protein | ge froma
pr ot ei n basedndfrbieni copcankraicrme{ Ryrieqminthe treatbdhresio iptheVird eart invtar (©);tahé et hod
conprises th . of bel i i [ tography resin
wi th one or ﬁ%?]]iee%%%ﬂgrr %Sgnggenﬁ{y%tezlbdso?%? %‘%ﬁg@@ﬁk@h&{}@@} ggggagﬁogﬁcﬁtsg%% anal yte
to the | abel édarrasiyte duntk (Feasu) g thescondgnaaliy step &), heonPrdeskagmnisr at i on

(fanalytel) and f.luorescence signal in a lyte eluate (EL",,"["te) from
the resin; (Sﬁ'alﬂnglﬁ‘g&( ?FE" WLp éagz}la“a‘éﬁ)/t(%%e@/ [?ﬁmé{‘ﬁgei esin foll owed by
treating the[0e8] n W tih assthérabeet aveatihg t@the tesasn évefteon| abethed f@r ot ein from
the resin; and (d). neasur.i fluorescence (FL.to and protein,

Concent 1 at i AT ELTS PRI FPBarRtan SO AT RropRREBRRUGRIS quanti fi ed
by cal cul at i pepvidel Faaramy h@ihod cotibrcg s dichs1 Jalamalingtth prole@dDdAd¢d n vari ous
enbodi ments, methods of the .invention may further i rAc,I ude the step of
removi ng t he FeBekedPhy GtigMthpnacr pefeyorsenbireedons easrsH @hange

chr omat ogr apByanafid BAhEXENANGEn Gk ABRLQY RARYnANE chiMed aRbstiagoexchange

chr omat ogr aphy, weak partitioni ng chromat ograph hydr oxyapatite

chr omat ogr ap Walﬂﬁl)awi/)ﬂw%m@aﬁgbﬁsn phaRbeT elE%“e{%Iaralm) froRy heEesgtcaphy

formats incl %vir@i&%si&\faﬁaﬁ&ﬁ&e bt Esih RolloRRE Bf@gzﬁfﬁ!g Wieandid HRFRy ane

device format. [O0015]in various enbodinents o e net hods of the
i nvention, anfepusdp eddensnthe tabgleil grosen Eemdbe fepiopandié) measupiecibivsisstnicng of Al exa

el tham Ry ) FRAER AL A R (B B B Y R B pec, san
Jose, CA). [ Qem6fied byealdubiog ¢ e Hhi sy Rrh)abdrelytrdans for rel easing the
nvent i on i nilUdb chertSaffSE e ufie b TR der PR ndie 27
enzynmati c tr detstopnf semavoigubkelesdhed poeingfe. gaPrénmjmgent bamodti festicq t he pr ot ei n,
.g.; PrA | Q)?clhléll(ljgiencﬂr‘omtgilfggre{f)%l, aln%orr]ljetx&%néeo ¢hromatography and hydrophobic

exchange chromatography, weak partitioning chromatography, hydroxyapatite

chromatography, or any combinations thereof. Exemplary chromatography formats

include, but are not limited to, packed column and a membrane device format.

[0015] In various embodiments of the methods of the invention, a fluorescent

tag is selected from the group consisting of Alexa Fluor 488™ (Invitrogen, Carlsbad,

CA), Dylight 488™ (ThermoFisher, Waltham, MA), HiLyte Fluor™ 488, 5-FAM™,

SE and 6-FAM™, SE (Anaspec, San Jose, CA).

[0016] In various embodiments, suitable means for releasing the labeled

protein from the resin, e.g., PrA, used in the methods of the invention include

chemical treatment or enzymatic treatment. Exemplary enzymatic treatments include

the use of an enzyme that digests the protein, e.g., PrA, including, but not limited to,



for exanple, trypsin, pepsin, chyrnotrypsin, thernolysin and subtielysin.
Exenpl ary chem cal treatnents include the use of a suitable acid or base.
[0017] I n various enbodi nents of the nmethods of the invention, comrercially
avai l abl e PrA based affinity chromatography resins are conpared using the

met hods of t ke ekdhvRatthyasn, peﬁs@rcdﬁhoﬁ}q)sindmatmdlyslddaﬂ%abtwsmh Bxhbhbid the

| owest anount of PrA | eakage. npl ary.resins include, but are not limted
to, ProSepS- Wﬁ”&lﬁ’f’é Hedapae i"ﬂ”de ﬂ‘red‘S"eibfél S}Ht%e Y4 pbasihd ProSepS U traPl us

(M1lipore); k ein ﬁsn$ﬁ@&h§@ﬁaﬁ&ﬁ%mk@hﬁ@h@ﬁlbar%fth@a&alt@ﬁtco&ﬁ@a&ﬂ@nd
MabSel eet Su E (JE Heal thcare); Sartolohid Protein A (Sartorius); and
T

POROSS NahCapYaul A\bQSA@pifménclsp@stygltaehwysm{ 9o 1@Mraiedusie thapededs of t he
met hods of ttaf-rlhIe n&%manom,or &£H ﬂe&ﬂlf,({hgs \(]ﬁclgcxluﬂlgt@ Yi a%uhfewgd fromthe

resin using we nown" t echni ques e art 1 ncluding, use 6M

guani di ni um kekager EdergNanyresins I@Qhﬁirgb_utﬁresmhbmagb@cfrgsm@-vhéﬂebt hods of the

i nvention, a g) is an anopunt
at | east 2- SQFE?%@%?%@ Lej"[r)sx yﬁ%‘nag?ﬁ%%(gllﬁn{ﬂﬁg (ﬁﬁmﬁgwég’é%gllnté/ of the protein
based affi ni Syphatuse b¥ cgalivy, MabSeieod)thra’é’dard NaedletidiuRie®alGat i ng or renovi ng

t he anal yte c odi e ok Aol ecule is an
ig (e.g. %;e ‘\q}%?rghléﬁﬁ%bd%&m%}nﬁgggtgaus | nlqﬂdﬁ%?rg Ig(§lgﬁrreapﬁ‘y medi a or
resin, Mere(zappledeasyzstam)unt of the ig (e.g., 1gQ is at least 2, or at

| east 3, or ast or at reater .t han. bi ndi ng
capacity of ﬁ%kfem n%rl Is?fn%%si%‘ilﬁis&‘? Wgthg‘iécogélée BYSHRY r??fdsu?Lf@ (ﬁﬁalr[ e or

nol ecul e (€. ghay bk BnKaN i@ tktetesin Mbing de D A6 ¢h @Ehnidues imakd aruimchiding) 0@, capaci ty
of the resin typically, provided b t he manufacturer of the resin or may be

readily cal cHici &) sipnididus 1, qyi n&aMyl“?kl Il in the art based on well known

techni ques ipobe art.;mkOALAPEUONBSHEMNEE Tk REnTBRASH cREsUSHAG 8NY
sui tabl e neans including, but not Iimted to, the use of a fluoroneter. The

sanpl e | oadi AgATabe enelefilols udeigamameyibpideast &p tesaesaketienths cuvette or a
vel | -pate -fonoatm bil@3d ééﬂac Wﬂt%oﬁﬁ%ﬁ@d@fﬂlﬁl GfontdiSerappl hagdsoof the

invention, the .tg (e.g., can be eluted using any suitabl e nmeans such
as, for exanpledia l@@defoulﬁla@ﬁg & r@uﬁ"tl%tlhé agilyte oy olgeple xlaspha epbedineds.rent , a

SUi tabl e pH hi%%gal%lg orh% c&llelrktdnq é%l Cﬁ%lcfhrb%ﬁs%@ﬂtba%dgfﬁrﬁtyabom 4.0. In a

particul ar e ycCi ne 2.0 is used for 1gG eldtion
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
provided by the manufacturer of the resin or may be readily calculated by one of
ordinary skill in the art based on well known techniques in the art.

[0020] Fluorescence can be measured using any suitable means including, but
not limited to, the use of a fluorometer. The sample loading for detection using a
fluorometer could be in a cuvette or a well-pate format.

[0021] In various embodiments of the methods of the invention, the Ig (e.g.,
[gG) can be cluted using any suitable means such as, for example, the use of a suitable
pI. In an exemplary embodiment, a suitable pH used for IgG elution is a pH from
about 2.0 to about 4.0. In a particular embodiment, Glycine at pH 2.0 is used for IgG

elution.



Brief Description of the Drawings [0022]FIG | depicts a schematic of an
exenpl ary nethod according to the invention, in which PrAis labeled with
fluorescent dye (Alexa Fluor"' 488). Briefly, as depicted in FIG 1, the
| abel ed nedia is split into two 1 m fractions. One fraction is treated

enzymati cal | Bﬂéffb@sc}ihﬁﬁﬁbf]the'ﬂ}ﬁw{;ﬁgi o Fl.digesti[PrA] is obtained by

readi ng the supernatant at nmon a WVIVis spectrophotoneter and at
em ssion 519(g@p] on a Fflbumaﬁ&;@gch%m cﬁféﬁ'eie?ﬁﬂlé}gl @&hoﬂ%&mg hge ot her
fraction is exposed t %g with an Zglproxwrate times of
estimated capwentiop, @fWIH@dér is Pléﬁwébrﬂsw)fﬁfﬁcﬂméb’e cxxRlaerdV 48P dtricdy. | gG
Once excess ng[legiclgj?d n' YRS heqleq;bfe eW'n]i ia @%1{ ;InQo {Qo\'il Iinpﬂ&?lg&at@nes@z{c*l&? buffer),

the 1 gG boun rredlalseate elne pH 2. After gentle
m xi ng, the lgGastgniyoraticalyarit tymeld dhe eatIU\VLmed[lﬁ'ﬁétﬁtqbwmdtbmm@tdm at

| LI V280nna ( ' ation at
495 nm (. 11: %%g%%“ag%gﬁgw érg&aepl (:/?sr9 g&tr%%ﬁ*%%r}omﬁgtg{r%%%% ﬁ?ﬂrﬁt he
static 119G bbmdiﬂngroofetetwﬁthlemcdtaﬁm 495 nint Ahé\bibriafrdetiaonis eAB8Fd anld (e1pl abel ed
PrA is equi v? Briefl ent

t hr ough FL- A- ‘%H‘aanLﬁ?P% aéegﬁlglg? eft,gnaitg(% %a%ggghoqﬂl eé? Y@S%es' gtugegh’;: E);t ch
\'?ﬁreer te§3it ;ag ﬁméxcbﬁeurﬁo;ﬂétgiﬁlgrfri?gh& dxbebdﬂg(glsdefﬁ/wmlmPB&(manm fef 1(_'aLent I g;;;e/ls.ed
and unt abel eBReyRE Hp Rt bt Ted P ) Peh rora o grad AR PV

equi val ent spatAifier inflelnigng aRAgGteyutioa list@glyzehm aﬁlavwlemempmmnewat

conducted with a different PILA based affinity chranatography type B resin,
repr esent ed W2wﬂm§llﬁq%&§ﬁs5]@l}5|§9&mf({9ra YQEeLE Ayt 'gf’é‘lo aGHd . t hr ough
B3 for the uptighel ed resin. Again, as denonstrated by the graph in Figure

2, both the label ed and unl abel ed type B resins exhibit equi val ent 10;
static bindi H§28hpaci t/G @eﬂea@§a%a&54%m0ﬁﬁiayngfhahtaﬁ daelsbdmdiperi ng presents

n ni mal i nt e'IJb@lE:&*FE@ With Rlefs kbl 4@5 Bﬁd”'&rﬁébeleﬁtP‘é‘A?s@qh%leﬁtorBrQ'ﬂW erent resins.
The results are also sumari zed in the Table in gure 2. Thée static

bi ndi ng capaépergscently lakglegstypags yesir @ﬂw&dﬁbﬂ%&h Bl @rﬁﬂél%'lahfdeq ippB (Alr esin
(e 2 A ot S0 5k bsh AEALudi ey REPI AL i SOIE AT | 2ol e

and unl abel e resin ares own on the right side of the
Tabl e. St andéwek deresitdapn (HETO)ltansl deppeéd indheegrephoh Figard %1@@@0(15@‘@96 are

presented as tl]\QFI lal%el?-rdga?ﬁ Bélgigfyl)%}&}f’rg%%edﬁﬁﬁh th%%tcgfggﬂpf%@gﬂ ?IGa g‘ (4%

vs 3 % as are conpara
depicts a Tabﬁmva&enmuia lzmahgg &pklbeakageThﬂadaues:xpn‘nrrtelnt/washchﬂlmt@mith ots of a

o1 1e2 basec gt LLL DM oS SNSRI PR RRT o |
t han 8. 4% i staclphdileB-4ffor tht delkdvesimeing BofthrexgheB3 ﬁnmemnmela@rdsm di fferent
LR R < AT E e e (e A
€.g.. B resins exhibit equivalent IgG static binding capacity values. Accordmgly,

fluorescence labeling presents minimal interference on PrA-lgG affinity interaction

for different resins. The results are also summarized in the Table in Figure 2. The

static binding capacity of resins (Qs) from labeled and unlabeled type A resin (Media

A) are shown on the left side of the Table and the same from labeled and unlabeled

type B resin (Media B) are shown on the right side of the Table. Standard Deviation

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

labeled and unlabeled Media A (4 % vs 3 %) as well as for Media B (7 % vs 6 %) are

comparable.

[0024] FIG. 3 depicts a Table summarizing PrA leakage values of five

different lots of a silica based protein affinity resin, each tested with two different



PrA, |eakage fromprotein based affinity chromatography nedia or resin,
e.g., PrA based affinity chromatography nedia or resin. Wthout wishing to
be bound by theory, it is contenplated that the Enethods according to the
i nvention can be used for quantifying the | eakage of any protein from a.

protei n basedatciys OMBIRE FRBAYSSTEC @Eﬁfed et TablAheriebilifyef psothen B.4¥sisused for
i solating or renoving a nolecule that binds the protejn, m;:di‘gdl ng but not

limted to, @chievedfrdpedivg spts RheXPRIBFHYUIIRE t""[o()’(bf%]"}ttl?atﬁli‘edé’if thelieres¢fdt pr esent
di scl osure ma%l be nore readily understood, certain terns are first defined.
Addi ti onal initions are set forth thr oughout the detail ed description.

1. Definitions [0027]As used herein, the termprotein A" or "PrA"
enconpasses peta bthednyendiona native source, e.g., fromthe
bacterium Sraphyl ococcu. s' aunns, protein A produced synthetically (e.g., by
peptide synt h#2Pk or b@herpeesgrrt‘bmwamn relatsh i metbeds, of anantifidnggroted: e@nt s or
derivatives r i ich have a
Cp21Cl,E3 r eté)P’g nlgag(%%%@%{g ,Bm?egé gdgg%%ﬁltﬁg}r%%%&&aﬁt{bﬁ%@{rg%@nxrpéwi&al sour ces
of Pr A ncl uﬁaseﬂ?aﬁ]mtgehrpm%gtdpw nnbduaperesﬁewkéélnhmislmi@gitomlboumhw Fer mat ech.
[0028_1The term * hro used e' refer i.nd of
purification eSEYnﬁ %ﬁg%?) Igéstg%d% aﬁcor {O%%m?%n%o.g c énol?]e lf%%i”rgnogl obulin
or ig.) of igtetiédhg ﬂhé dnﬁkagklméanyrmbtemukma pmtdimmsad chromapgrbphy eedapd e, by
their differences in partiti.on E?tv.ve?n. a solid. su %ethagndtﬂ}e nobi | e
phase, i ncl udi*fy"BerE " cﬁmtp‘ﬂﬁ? ¥S6Q 1T dsoLBe gt 'ieglr?vmglﬁ‘fni'oel?cu SIMISHE and al 1 ows
the anahyte @fotélmtmﬁﬁﬁgemh@tlbﬂwdwleag iotcihQ0RALMGindsed herein, the term
"affinity chromatograp y," "affinity alts aration

or ffl n
purification[00285 (sedniREfaiit the gregsns disgosyrs MY, bs PPis4td Hﬁ u@i_e %/i%"éiayl ng
techni que Whigyid M@ MeSirsk ReFind@ i liiQBh P flefisAB Bl ccioAk frélighGutahd ar get
anal yte or nolecule (e.g., an imunoglobulin or ig) to a solid support
whi ch carri e§et@iedidesdipgehi ei n whi ch binds the analyte, e.g., PEA
Subsequent to the binding of a target analyte or nolecule (e.g., an lg) to
the protein @e.d. pefkifdndnd the flowt hrough of the wundesired inpurities,
the target anal yte or nol ecul e may be el uted using suitable nmeans. For
exanpl e, thel®R3dl yte, Auehd bgeianthp OGN “mjcibA” petsde cedmpssspyprateyuiit abl e
el ution buff [ o om about 2
to about 5, géco?eg&itﬂ%n?é%%’g gg%%‘out ba&e@%twaﬁﬁﬁ %)g%ggrse%f el ution
buffers for phitgn purpbsed syntieticdy ¢é.£.r bit Pﬁ,ptlg‘t spothasis ooty la@emkanaelt buf f ers,

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

proteins which have a Cy»/Cys region such as, for example, immunoglobulins.
Commercial sources of PrA include Repligen, GE Healthcare, Fersenius Medical, and
Fermatech.

[0028] The term “chromatography,” as used herein, refers to any kind of
purification technique which separates the analyte (e.g., an immunoglobulin or Ig) of
interest from other molecules in the mixture, for example, by their differences in
partition between a solid substrate and the mobile phase, including but not limited to,
solution, buffer or solvent and allows the analyte of interested to be isolated.

[0029] As used herein, the term “affinity chromatography,” “affinity
separation,” or “affinity purification,” as used herein, refers to any purification or
assaying technique which involves the addition of a sample containing a target analyte
or molecule (e.g., an immunoglobulin or 1g) to a solid support which carries on it a
protein which binds the analyte, e.g., PrA. Subsequent to the binding of a target
analyte or molecule (e.g., an Ig) to the protein (e.g., PrA) and the flowthrough of the

7



[ 0030] The term "PrA based affinity chromat ography” or "Protein A based
affinity chromatography,” as used herein, refers to the separation or
purification of substances and/or nol ecul es, such as i mmunogl obulins, using
protein A or a derivative or variant thereof where the PrAis generally

i mobi i zed QRyir&OhdptriSPMe ferget BRI brlRGIed s Mhy BOIEd RHASQiita®E " SOl i d
support" generally refers to a non-" aqueous matrix to which the protein
used for i solgkishdopexampirpthienpalye. wphpsadeGrmapbhcecqvercgusingp svitdte e, g. |
protein A (Pey); itaDE pFOY 2! £Piiliy R P froObhoeABRb& sSFEA MRy be
coupled to vglrﬁl}l(ért?gﬁge?ﬂ%g%%%ﬁa@ gué%ﬁgés?ﬁflor eé(*_]% rIoe, gga(oses, ’

pol ysacchar i dethe ratgx frommbout2ith it deEsampdesrafl bitipe byféiry foe this purpose

(pol ystrene-djvin n cryhate, polynetbacryl ate,

poi yacryl at ni%{ le/u,de%lé %Vélggﬁe’é)f)géoeﬁagﬁ ,%%o'ysti | fone, polycarbonate, polyvinyl
et her and t h@d030tor r esfendnmitPrs bped pffeits chandtogtapbs’ dyéBdein Bhimssbol i d
support format.inc]udes, but,is n limte 0, a purification colum,

di scont i nuou§¥fb’ﬁ§§ ° %éfagﬁ’e?seusﬁcgf’?rfncﬁ rgée,rsqﬁtéhc S ey "68?@%&%8"%%‘3 expanded
bed col unm, gEs¥RRERANd/6t Boletuless Qitk acinbmdiogbiilins, @mgamoteiptA anal prel i mi nary
step, the solid phase f.or the protein af finity chrgomatography may be
equi | i brat ed d@ﬁ‘YaﬁV%lors‘iﬁf‘?‘Elﬁli‘eéeougu‘Vl?eé‘ftlhﬁgébP&eﬁﬂ?lbydﬁmo&ﬂgﬁﬁi?gi’)fa{%e protein of
interest. Ang@peppl ary equilibration buffer contains 10 rm.4 phosphate
saline buffer 5)H 7,4, %0032]‘:I'he term"affi niéoy resin" or_"affinity

chr omat ogr apH{¥+!dsi n, "Thedergssalihehiasy 1pr s sHRPOro seneetivdfitsdg A apki ¢ support
to which a chyQEr agriaRMYhich 8aMbtéid ushd foPkdtineSor drh ARGk andRR dri gand i's

capabl e of bindi ng to a nolecule of interest (e.g., an imunogl obulin)
which is to Belgulciof inddesre.g-grpoiad (hrohsas afsee or & comemy brgd - piBt ein A
based affini Ly, it GIRLDGHRROIEES 'vﬁ'ﬁet%ef mi8%ald HcREO K& RarfpiBaBe@sAf finity
chromat ography i'nclude protein A immobilized onto a controlled pore gl ass
backbone, e. golysachieripRosEtrany, Mlishee! PROSEOC palTMersd 8olngrene-fivity leasaei t v,
Utra and PR@E ra e I v R A&I R 0aPRid | zed on a
pol ystyrene so %&H%‘tﬁalgoéythée{ﬁaég%th’ed °§%§€%‘§H§%z\#?vf’r egian Oa(r)lép PgROS MabCapt ur e
ATM ( App! i ed pBlyessysatenpolyvinyl ethepandghet errgspandimaobpdlymese) aod gkiss kegds- ose sol i d

phase, for i e HARGR . MABSELECTTh
resin (GE Hegﬁ % E@gdrsggéolgf%éggﬁﬁg%é@ﬁﬁgg Liz ? ég/gé%ﬁ“ﬁ%"‘gﬂ%@ﬁ‘ﬁe subj ected to
addi ti onal pdiscdntiaadusphassto€ piscrefietphicleprpadredtbed cdumafand expantial hedot ei n A
affinity chromatogra step., Exenpl.ary further purification.steps include,
hut are not IC?IWE'BG'{%%“?’ |e‘|%t F‘é?‘%“&??m‘??i%‘%eé‘gsy%spagﬁp ignal rreg"%é X gsrt%f)pﬁr??,

hydr ophobi ¢ isslideghast fopthe pruteaiTat aifymiapdhyonidtdEciphy anaydieieguilisratep lndthen

precipitation,. ion. or .catjon exchan chr omat agr aphy, et hanol .
precipitati oﬁ‘f‘tasE\Pé‘?@‘ébeﬁ?fﬁgféroﬁia??ﬁr.a,pﬁ’(/\géke Brgfefrl ?fiqg[ﬁ'iegtg AMPENREDGr aphy,

chr oi nat of ocuygiingrati@eduffet bdntats @MMEhesphh@AAfkIbnffsiosre7enbodi ment's, the
eluted 1g (e.qg., 19 may be formul ate a pharmaceutical |y acceptabl e
carrier and i[®3a]5

G) (13 EE) d G‘i
ed fofhevem Ginityirayh ot F‘@-‘,mtl/ REPRaRePY BingPhdieduses known
fbr such nol geid|nefefers to a chromatographic support to which a chromatography ligand (e.g.,

PrA) is attached. The ligand is capable of binding to a molecule of interest (e.g., an
immunoglobulin) which is to be purified or removed from a mixture. Exemplary
protein A based affinity chromatography resins for use in protein A based affinity
chromatography include protein A immobilized onto a controlled pore glass
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

BioSystems Inc.); or protein A immobilized on an agarose solid phase, for instance



[ 0035] As used herein, the terns "protein | eaching,"” "protein | eakage,"

"l eached protein,” "Pr |leaching," "Pr |eakage" and "l eached Pr," refer to

t he detachnent or washing of protein (Pr) (including intact and/or
fragments thereof) froma solid phase to which it is bound. TB some

enbodi ment s, tlearROFENOH RBNAROSRIBAST FLEOW M@ M ABSEIESEW radih (G t Y

chr omat ogr apgé reSitES using the nmethods of the invention. Protein Leakage
may result d }k?arﬁ?any di fferent reasons. For exanples, PrA |eakage or PrA
I'eachi ng may | a(ggrlt duﬁlete%té@[%S(@QSIg@J%hy%% sﬁ@mr}bca@dm&{aeamﬂwmod ow hi gh pH
exposure, contact to inmmnogi O roteolytic nth ere. Protein A

| eachi ng can St§es el pricatq, 9éaf§ﬁr rfb@aﬁfa?eé'dk aginiy cgrama@a@pﬁ)e%m@@é@lqrhat are
wel I known i say (ELBA),
SDS PACE. - veat e B e D e A A ot 6 ) rmes
spect r onet r y chretmetogiPhby, andaphobist intesaderechrematographyéHE athporispr esent ed as
rig PrAhril proteln Ai t ng
anti body. [ 0oy Re SR Rhmcor oo e AROERGPARG) P POY' o

"anti body" (maeqbltatlrttnere&d:ramgjaaéaHyLﬁ,ewakm)trtmemeg shrbmaiagqaplm, ei n haV| ng a basic
f our - pol ypept e Ghe ali Qnstre re gtgna sting of two heavy and two |ight
chains, said® al N6 %15 tla% (i fzed, for exanple, by interehain disulfide
bonds, which [(NBQ] t he a[blsbme ymbcmlmpms;ltl’iei ahatbd gg(la'gndg(annaiyggrfomﬁhz&ed mram

"single-chaln i mmunagl obul i 'sin ai n_.antj.body’ (used..

i nter changeaBPVnﬁ‘équg?aflnly af%epgpg" Cf"if'eéarﬁﬁﬁ)f‘?ﬁ& OTVATIP laa%n?%ﬁkﬁ’- %Bﬁa’i}%'é‘ﬁtof de chain
struct ure cobgicsiisefighodn far MHmy)leamds a light chain, said chains being
stabilized, for _exanple i nterehai n_peptide |i QKers i ch has the
ability to sp¥erfical I@S ‘E?Fiherﬁlﬁt‘ih‘@&qﬁms Tfﬁ'@p’(“é? qelingonBioFIn afagks to a

gl obul ar reg'“léﬁ'ch@ap@tmaml@dching,gm’rlémlgﬂ’ml“%ﬁ@ﬁﬁwl’%fmﬁ"ﬂfelS' ng peptide
| oops (e.g., conprising Pe ptide | oops) stabilized, for exanple, by

pl eat ed sheefietaﬂ’&?%w‘i"t‘&sh‘aéﬁﬁ?fﬁ i @ (elingdpfact ap priraeancaisdharent) her
referred to Merel f)i@Phase ANWEBRT is Rund VA baBleRbodiRRSCdcABgd lPragd ati ve | ack
of sequence variation within the domains of various class nenbers in the
case of a "cawytifpd fromdindibased gftinityshpmgtrierapbn Frsing ayingthe grethads A e t he

domai ns of VaLLAWR. %ﬁéﬁ 1%?% bQudie RS @ffer@nt RAbA2 Pofex ARIRI N-

Ant i body or polypepti are o ten'referred to interchangeably in
the art as afitA lrokgeor Pp%leyclpmm)dl@suhr@!glt@m%nsm as gigehenigak sheatogai ns  of
antibody lig i ain
onstant r eg%fg@ﬂbﬂ%xg%ﬁreéﬁgn%c{ E)qmrlr%nb%u)kg{l) *@B&S@H& %ﬁ_ﬂn‘t}( elc! gﬁ}stelg r*A .
domai ns. Thelébclongtamr’m Qudaata«letysn@fsuradlmlhg)thnobeavlynqmgthatsaramllﬂ(ecb\em r ed to

i nter changeabl vy chai ant const ant
domai ns", " %e mc uélog eqd&% munof%rggltgssg¥ &Fblllggﬁﬁbnsﬁﬁ@gof ant i body
I'i ght chai ns V%erstemlﬁbtehtgb(ﬁrdsmm hqued dhamgegdablyy (&B’LC])III]%BS siehi@oretryy asci abl e

ht ch d "V|[." donmains.
The. “var | abl 48 toiT ACIBPeRth Bermedey cemi e P LRIy o™
i nter changeabiay baseprdieasyasaiygrstemat/inghhgbadegi ons”, "heavy chain variabl e

NI TS A LA MR R

nonocl onal  oint@eayngda8Racreii)de @BYo 8%tctdin hiViNDNERRIThE - mypegttcuérasﬁﬁmc form for
exanpl e. TuM anti bodi es whi ch exist in pentaneric firm and/or

anti bodi es WATEH eIsEtingCliBRGRBRIA] N Kl Feidy SHbFE TrerTe SﬁaBlrhﬁ?d The term

"fragment” refieksntio B iRfchaiRUisRGIHE boisOf hishhaANd DAY (ipeantdiRetha chain
conprising, fewer anmino acid residues than an intact or conplete antibody
or antibody amiieh. Tt isgrenede-ekan Benywglbpdy ofi dngerehaie antibedy dHsdmat i ¢

treatment of ;an.iAtas me.m@mk%g ALih RRTY, @{woaﬁmw@a%é SbRisPucficagnent s
can al so be obtai ned reconb |nanP nmeans. enpl ary fragnments i nclude Fab,

Fab', Fi aszcorlsétI@m@lf/aireaByarfdr@dwhémam sfio oBg T StsEp Hizedhericgenploi ydi ng

Fr agrrent e I ant i body
that bi nds. oty SeRBEhHRRhARARE bR Ot TP g gk Tk Bl the
intact anti bé@t;ma‘irr”crﬂfeMD@rglctbh@yregmn@f dérawed)ightohaiantliygetidbovdprisgig(i . e.
specific binding). Binding fragnments can be produced by reconbi nant DNA.
techni ques, or by enzymatic or chem cal cleavage of intact immunoglobnlins.
Bi ndi ng fragnents include Fab, Fab', F(ab')2, Fv, single chains, and

singl e-chain antibodies. ILwtPrA Structure and Nara tenoul ebtalin Bindit3g
Sites [0039]PrA is about a (12-1(Da protein derived fromthe bacterium




St aphyl ococcus aureus and contains five tandem hi ghly honol ogous

extracel lul ar i zmunogl obul i n (40-bi ndi ng domains at the 1'c-term nus,
designated F. D, AL B and C. Each extracellular domain of PrA possesses
distinct Ighinding sites. One site is for Ecni (the constant region of 19gG

class of 19) pafiflcidips @t%e(fonipﬁsﬁlg"}t&bﬁeﬂf’ﬁ@lo@?{%%ﬁa@iﬁz&f f&RkArpIR, yyP-ol ecul es

(the portion of t he is responsib r antigen recognltlon) It has
been report eale@ﬂqésheehanﬁ/omintltaﬁénrd@spﬁﬁcfrﬁsb%lénDainnlgs ar eé@ﬁﬂebrqﬁm qddo s¢re@. The

non-i g bi ndi g ) r

desi gnat ed tﬁ% Qgétsedtl %nqgrrla%? di())ar%r%f1 &Pﬁ% %&%%%Eggﬁgﬁﬁﬁgb%% %f) ﬁgﬂ Siélﬁlé encodi ng
WPrA is desdolinbesjoﬁ varibhisSlasPatembers Nothe 63s¢ 5 2 %@starlﬂ’ dé&r@npirdiey Pr based

B o SRS SRR o OEARARR L, O HSpL LaRpER b Lo
media or r esrvarlablaédﬁnamchnﬁbadyer p\olh@&db ‘aifofnarms’t greoﬁeroneﬁdmgrtcaphy r eS| n i's

used for isol n ur,i fYin C i.ch.bi nds the tein

exenpl ary e Wgﬁ‘fai’bﬂﬁétleﬁgﬁ%ﬂ&ogog Pﬁ%ﬁt\ég} ACEPE - ilé CPB‘?Q rguantl fying

me Ieakaﬁe Ggmampéﬂinﬁbddyflfgﬁm}ﬁfmg ai;efrbfratrécytoqﬁtmmtge@ﬂﬁmylgnm?m or resin,
ere such nedia or resin. is use or iso) a,u remoying, fromart

i ni munogl| obulc?r}‘?taF‘P'E?lgﬁoaé§ ight,ehamm GoRstpnt §PMGing ot ﬂofegloi“?r?‘i élc]“ {9magsA  and

derivatives, Tharioakthst” ahfaihd FYABBYAS htAeTcshs §0042tdade imtrakidnggibgt &I N A based
resins mhlch may be used in the_nethods of the |nvent|on include, hut are

not |imted, BGVPRIBSEPNAN PGPty chain pesaepiomais + 4 H F*Rgle@éw Utra Plus

(M11lipore), «Brotshfinéd HREVEILRL dgﬁﬁﬁlgbpéﬂtlbmhéﬁf SHafisArNeRpRi@s 0Se

Fast El ow, MabSel ect, MabSel ect Xtra, MabSel ect SuRe (GE |eal t hear e) PORCS
A FORDS Mab@igehangcahly(aashiehtshrimigaplotresigns’ ‘Anht cBaintatieidmnainssi n
(Sartorins). «GxemRIS b A0l EhfhifS RS SehraE! ARl riibodb ka3 chaifio! % im ted,
to PROSEP-G (M Il iporeProtein SepharoseT" 4 Fast Flow (GE"Heal t hcare),
POROS G (Apphteé@lfeeﬁtb@yst@@hmgeahlmﬂeaﬂylChaly qubdﬁrrég@eeﬁ’t “Ieay it Measur enent
of Fluoresce OQAZLARY §iH fc r t tag or dye which is capable
of |abeling ggrgarb(i:l)et el n%ﬁnﬁ be r%é}&](l:f i b?lﬁggﬁrlg?lﬁ'ods of the invention. In
general, it [(&3dksir atiheom@emb@inaerm woliresigerpiobuly isom Igy entiimidgh has an

extinction C?ﬁ!ntlhggllo%nhns or anpbc!de esssmaty € rr]nozlgclglg)a(? of ;gglg/clonal and may exist in

monomeric or polymeric form, for example, IgM antibodies which exist in pentameric

form and/or IgA antibodies which exist in monomeric, dimeric or multimeric form.
The term “fragment” refers to a part or portion of an antibody or antibody chain
comprising fewer amino acid residues than an intact or complete antibody or antibody
chain. Fragments can be obtained via chemical or enzymatic treatment of an intact or
complete antibody or antibody chain. Fragments can also be obtained by recombinant
means. Exemplary fragments include Fab, Fab’, F(ab’)2, Fc and/or Fv fragments.
[0038] The term “antigen-binding fragment” refers to a polypeptide portion of
an immunoglobulin or antibody that binds an antigen or competes with intact antibody
(i.e., with the intact antibody 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.
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INC with a quantumyield of >80% and exhi bits m ni mal photo bl eaching or
quenchi ng. The dye used should be stable under the conditions of the
experinment, e.g., a pHrange of about 1.0 to about 10.0. For protein based
affinity chromatography nedia, it is desirable to use am ne, thiol and

carboxy reactjve @V& SEXQIR! AdVinAinbR10baRA BintBnd Sik@r escent dyes i ncl ude,
but are not limted to, succinim %I esters i ncludl ng sul fosuccini m dyl
“KetP

esters, isot KB anat S4A isahwbn{d wisiydgived fgmiths fagieriu@r ophet tyl esters.

Exenpl ary t hisgf,n1162¢L1s\WaredY 881 doRGIHN TR e tRAHEm I8l HInoldglhd S&ftaldulpal ei mi des,
phenyl mercury, iodoacetam de, thiosuifates, rhodam ne derivative, and

benzoxadi azo mappagdabulie dg)-bindiag demphiag 3 teabdtinirent desigepiakEipiZ B srdy be used.

for | abeling i f ki 00 . ia d e

A exal I uor 458 LFor e s Sopdhiol PLA po QORI PR SRR ED

Wal t ham MA) fortiict (thecdabtaningiom 88 gGatads 6+ [EAMd tBEOtherds Br FaWab §BrtioAR&spee, San
Jose, CA). [0Q044 d I to i e | v. hased on
ho. measur enentiof qigdTes e kR RS B b Ty ROlqr O TS BBOEI Bl FE 0y

opti cal specfitrihasbapyeponedthiatdaciaoftbt daudies ¢ontaprsarfab éohding sae Eheetrigni cal |y
excited state. absorption.of ultraviolet, visible, or ne infrared

radi ati on. Tﬁglla@@f"[s[ga O%P‘géﬁp%a%[dﬁéﬁwégggﬁ}@%ﬁﬁs {5leppgd B\S’?{Jﬁeglogtoét e or to
a | ower-1|yi ng-éngdin.ed el ectronic state by em ssion of tight, which is

det ect ed usi i nstrunment suych as a fl.uor ter. i.n ca f the nmethods
of the pr eseE@“Sﬂventi%ﬁﬁ%#lttl?&eﬁ%%ﬁ@‘na%s gesf’réhaf’gt"ilijgs'%@@nbmi ch binds
to a protei nNoes,@51,390l A. it is desirable that such a dye nmaintains the

fluorescent intensity within about 20% of the maxi numintensity under the
experinmental conditions used in the nethods of the invention, e.g., use of

a pH in the 1ANGCEAmARAU: lasdy hONARChrobldeblubfliy Meghpeast hal f an hour.
Met hods of Rel easing eLabeled Protern fromihe Protein Based Affinity
Chr ot ogr apkP4Resi n - Ylgbads|ofdie ipyinten eadeusrdPt agnoling lppkagedfd in a
protein based, kb SERIPALARMiTRHothalerdpS h{édiatop?esﬁpééﬁérgwcmt)r&&!’lnd protein

is released fromthe affinity nmedia or resin. Methods for releasing
eoval ent | y bbesd affmbe clrgmpiogtaphyrepin dhisedh for afofating pypurdinga mebdculde, but are

not limted - 1 Ghem nd i 3 : cal
t r eat ment m%@g&?ﬁ%&lﬁ?g?ﬂ%@%&%& %@qrﬁ%mi@ﬁgéﬁgﬁlﬂg%ﬁge%mMi ch does
not i nt er f er esediforquahtéyioy thedsakagt dforprsteigriidm aeaftihyy clExeatpgraphy maiids whi ch
may be used i he 1.0 td oni.ncl t not limted
to, nonoval en re%llgi vé]i@és%gﬁ%aeg{a Oé?%}n,lsﬁ%grf%réﬁqlgg{r}l copgeg?oﬁ}éﬁo\%?nent aci ds, such
as, sul furi cimaighgldntn fromiavaixemnt, ididitg, bus natHinas:d ph Fsphadiderietives, Exenpl ary
bases which nm Ese %ﬁed i %lhe fret hods of the invention include, but are
not Limted t8.°"864 Jﬁ%‘ﬂ?/g? Kic8e, pot assi um hydroxi de, arid cesium

hydr oxi de. AgiR] onal |BxkempheyprogisA dueh ramsGMBh maybdagedimabe whiheds can br eak

certain pepti bounds,. thereby to r.el ease abel.ed prot ei m t he
S0l 1 0 subpor o 6 TRRTR gl Srdiion e3P ROSE SRIEE BRI IR AR,
Proc. Bi ot ecia B%ra(IROSIEY trafus (M BipoeD 8Bdtein [L0OBhixeratrady, repZysmihi C
treat ment net hodﬁ i ncl ude, hut alre not limted to, th usg of an enzyne
capabl e of di'gehITAYy fasthiost &ahSclpsteMphlalsst RS eleRctR§dOtbut are not

limted 1o, elelithcark], PRROS APERIROS MbLaMLRO (MRSbABidsHRiE| angi N and
subtlelysin. VI. I_Veasurgwgg Fl uor-east/1ce and Proi:e!'n Conceatration from
t he Chenmi cal ﬁy’tqhmdé)ﬁgt}f; (Q’aatppys).—rﬁég{qgéryﬂz&i:lﬂ 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

[0043] 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”
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[0047] Chemically or enzymatically treated resin is subsequently filtered to
obtain the particulate free supernatant. The supernatant contains the

di gested | abel ed protein (e.g., PrK), the fluorescence of which can be
measured, for exanple, using a LTVNi s spectrophotoneter at 275 rim This

readi ng i ncl tgesyithheuntbM 13<l$ AT PBIRANE SMibils buthiarkl paotd Meaddlingest ed protein
(e.g., protein A and protein A fragnents di gpsted fromresin). In order to

speci fi cal | qupbm& Esrbenssdahpyd b@f‘talﬁlﬁéf‘?ﬁf &ppditiqns ofythe eppesimegh et r at i on
or [PrAl), Qgs HHedlr Btk 910 16 Tt hh@ ﬁ&}%taﬁlbas@aa zt%'aﬁ'oﬁl@ﬁl) pprescent dye
in the fluorescence readi ng need be subtracted e contribution from
chenical or ewdignigis deblltatb}eet@uww@ thl@lla@égab@wemtm eyqs. Esermgplarygmyinecan be
detected by (" r n
factoring | n ERad il Faps Hebla A R kit M i GRS -kl

fl uorescent sdgasmcirﬁltyélybatcrbaomcamamswlfbwl obipradasi émgtméluompms'br ption at
peak of the quor sce itation
wavel engt h, fS_’LVmaE rfaery&a reac V%%ﬁ%}u%ﬁkqu%rg%m rt‘%fd()t@ né%%:l §§/e can be
typically obbhmylmbréu’rgarroddaeetamdelohlpsu%tes,nhmamml (Envas/swmdrbgnztohahazlohe

extinction cqoeffi.cient for,K Prot n AL 0.14 t ei centr tlon cart
be. obt ai ned. GERYEna" PSPIRITRSm pidrays BBt B Gl SR Ty
[ 00481FI uor esaret affinits cematogiaphly inydiemiddawmaﬂoér 41;8r(hivemgbn: (ﬁt‘lsl&dper t ai n

Spectrac in Genopeien ¢k BmoRbF R R ditste FGE AR et arhgh e

reconmmended byd ¢lpamM Imm@g@%sagy@emﬂor may he used. For exarrpl e, for the
dye Al exa Fluor 488 from | nvi t rogen, .excitation Z’l ie?rrlgt h is 495 tun and
em ssi on wavéi®bt h | Methedspfthegressnt inyentipnat geeealy PawdRg ean be obt ai ned
from super natRR%urdhdnb o S@Id@tendd.| 1At deRetall ﬁuor@é%@r%$s3‘d’fy?e &t dppiegscence i s
typically read in a cuvette or a well pI ate format fluoroneter at a set

t enper at ur e, seagEpscary psthicha mrolegue s promrjedtorn sleetrairrd SXged sy 00410] i n
the various @rsto flﬁ oﬁﬁl@r%grenglstb@e b feaf IriafBRdadiRNAN ThoBicitt@RORAGIE AL | on of
the elated no e or analyte olinterest (e.g., inmnunogiobulin or TOis
needed for tHendatayubakitohegfounesletied tqp lowel-lyinasiriet destrpgiasiaicdd as :rig of
| eached prot g@ﬂ [{;&{] accordi ng
to the |nven1§i|n%rsi{8ﬁ e é?{ﬂl%@{dl{rgltdﬁgﬁ {1 |n§n%hlﬂ}e§n%%r%g|§% led\/\/ﬁﬁlch IS

i sol at ed usi ngselrf tHe mdﬁardedf thé piesint inverkiioontat geraghyt dyedh arcadtive dpie

enbodi nent s L ecul Ao rel eased from
the affini tywtélhr (%)rlrlﬁ 5rn%'m ﬁgd?%AuIst?Sndesg’%%n esgﬁg%gﬁ%élgﬁm%

strengt h/ sal ﬁlucmmmhuemuyamhnambme% eﬁtpenmkmmm mtemmgfrlauimethe or st ep

changes. For exa cas G .elution froma. Pr

chr omat ogr apﬁ?eﬂg%mﬁl ?Oélgﬂ?ﬂﬁ %sg?fvhgg‘ﬁfhgese#t Y W ity Lfsﬁopa PEET B8 pH to

l ess than 5, rdngt ongboliometo dbbatnl OptHo2at lethatbsithodesi r abl y bet ween pH 2. and.
4. Exenplary elution buffers include acetic acid, glycinc, and citric acid.
in sone enbodi nents, elution of 1gGis achieved via flow of elution buffer
at a rate of v2000Memdas oPRele@itx thé AABeled PrhteinGForh @BSProBi Bagddniffiafty | ess,
600 cm hr or | essChéfifhatesiabhy Resihess, 100 cmhr or less, or 50 cm hr or

| ess. In general, the sTower the flowrate, the nore NG binds to the media

and the el ut I[msj gG congeRtdeahd raneung ol ¥ Bidtdh tra fro@esasedMheididagdlyut i on
flowrate is <5 cm hr, the nmedi bi nds cl ose to the maxi num anpunt of | aG

it can bind, Mgd@.or f%ustheéamlﬁbﬁ@ldsma&emds sissgRdEne Bs adinty mediadss anount

of 19G is used;Myshakic: @feag%g%v%mwmd {288t plosdalcby t3rrBnityl &S, t he
medi a nmaxi mum bi ndi ng capacit Accordi ngly, the amount of |eached protein

A is usual | yintefededassonimissd tproewicl mdserymagicatetipds. Inexespiani on, .
[0050] Thi s | QAL Madind HEROE! ackd brH8Ld B ELeRYyd:Dgsi Blal V.00 @r@NP! s whi ch

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



should not b

Onvi hogen,

e construed as limting, Exanples Exanple 1: Labeling of PrA
Based Affinity Chromatography Resins Wth a Fl uorescent Tag
[ 0051] Control | ed pore glass based protein A affinity chronmatography resins
(e.g., ProSepg-vA High Capacity and ProSept Utra PrAinure)) were |abeled

with the Al exdalht@ids1®8h tghosgBoti€hdiy., Eﬂenrmhrpbastemhleh ﬁmg bEluwarm 488 dye

Carl sbad, CA) was dissol ved in about

Appr oxi mat el {nethops of thy mé%lﬁn HFIL{dFreb“P?rAnP‘élg’i“FFd\X%essoihP'é‘d‘cyaﬂ’th PPIEPM 003 (0. 1

AEHURU h S ks RRhRAGKR] Ad'ahf%nélﬁf Eﬂeaudévsesﬁas 2EONBPEHS (Ever green
Los Angeles, CA), Approximately 3 mls of NaHCO3 was added to

MpH8.4), v
Scientific,

each colunn
100 ni of th

0.5 hours, Anot

used which aao bregk sertainepeptigininds Hieaba fpelsaserihalabslechpreieini | |

e solution was ad

About

ed to the col untm and shaken

g%’tﬁe ¥ Se;ﬁpgﬁgymlcﬁ%ba&%éamse@@% AWliehadiBhaker pher about

f or anot her Bamwh8$NEmDyﬂuﬂnlﬁb@9&ﬁbsequentIy slurried and washed three

BRHELT roct Ry TR SR ARE Tl ol B NERC 1 5"

col um vol umes tlefusNaHGEBz@acdupeblenef difB0824 fieil. dbemptiry esiymss inelude,

times with a
about 2 colu

subsequent |y
2: Enzymatic

divid tran

Exanpl e

i f 1 m and
byt ALy ‘HI{“%?"’ ?‘%zret"%’s?}brpé%%%ﬁ?n g}pi‘a%Ié :&’?y%“,&“bzg‘é‘fdﬁﬁls 005310ne

fraction of the fluorescently | abeled PrA resins was subsequently

VI. Measuring Fluorescence and Protein Concentration from the Chemically
or Enzymatically Treated Resin

[0047] Chemically or enzymatically treated resin is subsequently filtered to
obtain the particulate free supernatant. The supernatant contains the digested labeled
protein (e.g., PrA), the fluorescence of which can be measured, for example, using a
UV/Vis spectrophotometer at 275 nm. This reading includes the UV adsorption
contributed by the digested protein (e.g., protein A and protein A fragments digested
from resin). In order to specifically obtain concentration of the protein (e.g., PrA
concentration or [PrA]), the contribution from the chemical or enzyme and fluorescent
dye in the fluorescence reading need to be subtracted. The contribution from
chemical or enzyme, UVeny hem,, Used to release the protein (e.g., PrA) can be
detected by measuring the starting chemical or enzyme concentration factoring in the
dilution factor. Also, the contribution from the fluorescent tag or dye can be
calculated by obtaining the UV absorption at peak of the fluorescent tag or dye, which
is usually UV at excitation wavelength, UV The ratio UV275/UVmax (f) for each
dye can be typically obtained from the vendor. As an example, assuming that the
extinction coefficient for Protein A is 0.149, protein A concentration can be obtained
using the formula: [UV275—UVeny hem—UVmax X £/ 0.149.

[0048] 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
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enzymatically digested. PrAresin with no fluorescent |abel was used as a
control. Briefly, I nil of each of the PrAresin was treated with 0.1 M
NHAFI CO3 and vacuumdried. Trypsin was dissolved in 0.1 M NFEHCO3 and t he
W neasurenment at 275 inn was taken such that it was between 0.7 and 1.
About 3 m ohedeh@ryt FMBRkdn&Ok Hivicaly Was irsdhseguentvdl pddedmho each of the
resins and incubated at 37C for about 2 hours. The incubated nedia slurry
was filter edilppromgghata set emperattgesugh @8R G i ppy col urm to renove the
supernatant fromlhe nedia.. Filtrate neasurenent was taken at ENE: JO and
uw275nt"1 OF Trypsin was subtracted fromthis value. Also, a 1.1V:igsmat
measur ement  §lt hMeasguringfilnatgfoncententionAn exti ncti on coefficient of 0.149
was used to obtain Protein A concermaticin using the ibrrmula (UV275,-"nn X
dilution fac{®9l U VIARSreatigusTretbBiy agcoxding lodhé gpimed gtventiong. 149, whi ch gave

t he concentrat | f dj i Va fi is .the ratio
of UV exti nct%l édg%ﬂf:aglg? ? ftglgglﬁffeggforl%hg 0332}@1}5[% gﬂnﬁ%%g@gmwgfg@ﬁrum%énd i's
provi ded by fg)es meddiofor the cilbulationsd émathed peateip 0@Ed] is ncagiréd asogescence of t he

above filtrate S asured at a,-- di l ution(w 1M .eine),
ahtoh gave ¢ HeRPuARRRETE o A alii Syt eR i okl B e

Coi Beent r at i afveSicat ihe eliagdacdlédutess af inirenobbelire evhahds ishidkdbghglrAResi ns

[ 0055] 103 &E| at ncentration/ stat.ic capacities of |aheled and unl abel ed
protein A ba %Sagéﬁ“?‘i‘tﬁf’li‘rﬁméwgﬁﬁéﬁ ‘E}&élﬁpwog‘gﬁ'&?ggvﬁ?t& th%@%?ﬁﬂﬁ’ze&“'as fol | ows.
Measur ement @fg., h @hiGnoz&idath, liyreledsed|fimn @B aifindy cabinangabhwhedibasingr not

| abeling of a PrAresin wth a fa#orescent _tag (ﬂi sruRts the interaction of
the PrA resi AMaRBeH" (5@ FgHC Leas st CqERREAtion, B FdegRTUR Aberea™Pr A resins
were each nmeasuérchahgbs! FO exd@bMMBTadeBY ©I@chRiOn Bometisfiaged LOS Angel es, CA )
wi th tapping. Each sanple was reslurried and equilibrated with 10 m of 10

nmpl e We .es| . g
naM phosphat éhr%}laﬁoaepbumﬁ@? istpmeyly aghigyed by lwertj’igé]% qulo@fp}hggemnéi scar ded,
fol owed by ti&ca8Wktth@bpd, aad MosfesiPably MrRédn p2i BAMICA. NBemblaef ElRffonas
di scarded. Another 5 m of 0.1 M2 glycine was added and
buffers include acetic acid, glycine, and citric acid. In some embodiments, elution of

IgG is achieved via flow of elution buffer at a rate of 2000 cm/hr or less, 1000 cm/hr
or less, 800 cm/hr or less, 600 cm/hr or less, 200 cm/hr or less, 100 cm/hr or less, or
50 cm/hr or less. In general, the slower the flow rate, the more IgG binds to the media
and the elution IgG concentration is typically higher. When the elution flow rate is <5
cm/hr, the media binds close to the maximum amount of IgG it can bind, and thus
reaches the static binding capacity. Excess amount of IgG is used 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.

[0050] This invention is further illustrated by the following examples which

should not be construed as limiting.

Examples

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

[0051] 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, | mg of the Alexa Fluor 488 dye (Invitrogen,
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the ChitiOn was collected as Frbkgd. Two 5 nil portions of PBS were added
to equilibrate the nedia before the addition of 5 m of'-50 ng/n.
pol ycl onal hi gG (Si gna-Al drieh, MIwaukee, W). This was foll owed by
another two 5 nl portions of PBS. Al PBS and 1gG elutions by gravity were
di scarded. GCygibag (A wds,disdoldedVh aphiit 1291 of@8/1SWld&ppraxichatche3 @llsudtegchwas
collected, |abeled as. FRI. Another.5 nl o | yci ne sol uti on s .added and
the Ovate wagh fgs_ﬂ’r/’eaS@dvéSﬁraﬁ}@i ¥h BeHER: .(O-L}V%Rﬁﬁégsva?l@ﬁbé{ d3pd B was
taken for obtfd N A% BlcréeARoludizs GORERENRIchfic, by Bhgeldheayesul ts of one
such experinment neasuring the static capacities of the PrAresins is
depi cted in Ppgigkinaely AnlyefiicParas addsd trpyghcelupn apdihecapingarcof  each of
the PrA resiggoui bty \9fpetas allRinut R1IYRLES 1Y ui iana @i idsaBdddith 8adh! UOr escent
dye to the resin. Al so, neasurenments of static capacities are depicted in
t he Tabl e i nc#bigneed put oFshakeuir ebasbhé dpersatnether 10§ fyeisluiemsias ed at
A280r, rn usi I i 2 Niy L [(QN

. Q%{eﬁ R thécglﬁnlﬂ%#%%aﬂ%}%?%n&tlﬁéﬁ&ﬂ. the &ilurﬁleaggu@ équgﬂt

factor)/extinction coe uorescence i s subsequéntly
measured at St@iedand washid dxesi tinadsivath ahbut29Humm wdimgg of NAHEEh edeR1BE00

fl uorometer DE. UK) ., ' | S . f. FRI_.and ER, of
unl abel ed neg}g%aeet?réesgvd T z(iltl:ttzecd)l l*r?noﬁgqurﬂ%t&gp %te&lgn@geﬁ @é‘%@%’% tﬁgéglvg el ed nedi a.
The sum of t hieout D udnms cehees sf atdCOofacl timet i on | and fraction 2 fromthe

above i s thi subtr.act ed Friiko to obtain.{1-Liul. Protein A |l eached
fromthe r esmb%?g cal c e;@gﬁ%ﬁrﬁd”elr%sé‘tb?eéﬂl?%&/idhvdéqjdd?tﬁﬁ’]f]%tsz St PmPand

{(FL150)/ 01. traisesic¥Ritédlia)s 141gd . [ 00571The enbodi nents herein provide an
illustration of enbodinents in this invention and should not be construed

tolimt it - Th kil ti di | i th th
embodi ment s E¥ePBiTsmp Lusaatss resimien? Sk Eiisnestoncadamebl relledicy ©' "
i ndi cated, all nunbers eéé)r essi ng Huanti ties g ingredients, cell culture,
treat ment cof¥8] ons, Qnsdrastion dldbnlipresgently lphsed pa despseras AubseHertiyi ng

claims, are toyheidngelRte®dpasefivie nBPblcb@ek bkl dat udeD St 2BGRS1.DY the term
"about, TM Accordingly, unless otherw se indicated to the contrary, the

numerical pBFighetlenkofgpc of HerfsRirpan panseaisdavithel | e dePetndivag ibon t he

desired propgfitd egySQUIN ilsr B iRt B RAGEY, JHIGhPUSEALuLAYR A 27B8hm ' Unl ess
otherwise indicated, the term"at |east” preceding a series of elenments is

to be under svoptikerosuclethat it was baresan T endelnt Aot 3 mé o5ige fragsin Sheine veki | | ed in
the art wll st%qulrgT%lhf/a%decp{o egfh @ft?fléaregigs ﬂ’l%lqg({)utbgl!e?atl@s?b@%r gomrlﬁ)uﬁsh routine

experi nent ati on, equivalents to the specific enbodinents of the

i nventi on descnbdadnéter dumy wBulteretthiongh edny. Byesgreent @frgedolumnbe enconpassed
by the foll own | al ns. nodj f i ' variations of this

i nvention caﬁenbeeﬁn%fcfgl%\?\nn%t%}ngg&%g‘é‘g%g%glf'ngh%drtgﬁ'{géstg %ﬁlggf\g?stt%ehgt gg%ﬁ'g@ as will
he apparent tal thase.Kilhipeid was stthectad fromThie valpecAfsba BWbedi ment s descri bed

herein are offered b f exanple only.and are.no to be limting
' any vay. mesmged olfB e iRt s factirits Pilnd LR i sl
consi der ed asbtexanmgbiarsy caodnfsativ tidngatht foruBCOPNesap& dihitivh facak —t he i nventi on

being i ndi Cab 27551?; _'[/J"B? [Jf\ngLmOF\% crilﬁlti%L ?a{cton%)'/o.l49, which gave the concentration of

digested Protein A, [PA]. The value of fis the ratio of UV extinction coefficient of

the dye at UV2750,m/UVagsnm and is provided by the vendor of fluorescent dye.
[0054] The fluorescence of the above filtrate was measured at a ~2000 X
dilution (with 0.1 M Glycine), which gave the value [FLgiges]-

Example 3: Measuring IgG Eluate Concentration/Static Capacities of the
Labeled and Unlabeled Resins

[0055] IgG eluate concentration/static capacities of labeled and unlabeled

protein A based affinity chromatography resins were determined as follows.
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What is clainmed is: CLAIMS 1. A nethod for quantifying PrA (protein A)
| eakage froma PrA (protein A) based affinity chromatography resin, the
nmet hod conprising the steps of: (a)labeling the PrA (protein A) based
chromat ography resin with one or nore fluorescent tags; dividing the

:c_abel ed resi Meiﬁﬁiréin@ﬁ]gilidtatfcicﬁﬁdcity?lmilsslaﬁ(ﬂﬂiﬂcaﬂﬁﬂ bils‘é/hetl;er or not labeling ¢f@) treating
irst part with suitable neans to release the |a d PEA (proteinfromthe
resin and ad8rhEsRnYiEyRicsesseRb fRgissHPty ‘H@‘IUSBB&%Fl%(‘? &)S"‘t‘%l%l 8> &5cond

part; example. (d) measuring fluorescence (1111.dig",) and PrA (protein

A) concentration ([PrA {)protei n A)11) fromthe treated resin in the first
part in steplQ08$} and Labeled and unlabeled PrA resins were each measured in 1 ml volumes

(Evergreen Scientific, Los Angeles, CA ) with tapping. Each sample was reslurried
and equilibrated with 10 ml of 10 mM phosphate saline buffer (PBS). Elution by
gravity of PBS was discarded, followed by the addition of 5 ml of 0.1 M pH 2
glycine. Elution was discarded. Another 5 ml of 0.1 M pH 2 glycine was added and
the elution was collected as Fryigg. Two 5 ml portions of PBS were added to
equilibrate the media before the addition of 5 m! of ~50 mg/mL polyclonal higG
(Sigma-Aldrich, Milwaukee, WI). This was followed by another two 5 ml portions of
PBS. All PBS and IgG elutions by gravity were discarded. Glycine (5 ml, 0.1 M, pH
2) was added and the eluate was collected, labeled as FR;. Another 5 ml of glycine
solution was added and the eluate was collected, labeled as FR;. A UV measurement
at 280 nm was taken for obtaining elution 1gG 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 +
Asgonm 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 Frygq to obtain [FLigG]. Protein A leached from the resin is calculated
using the following formula: {(FLigG)/((FLaigest)/[PrA])} }/[1gG].

[0057] The embodiments herein provide an illustration of embodiments in this
invention and should not be construed to limit its scope. The skilled artisan readily
recognizes that many other embodiments are encompassed by this invention

[0058] Unless otherwise indicated, all numbers expressing quantities of
ingredients, cell culture, treatment conditions, and so forth used in the specification,
including claims, are to be understood as being modified in all instances by the term

“about.” Accordingly, unless otherwise indicated to the contrary, the numerical
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(e) measuring resin Ig eluate concentration (rig) and fluorescence al in an
lg eluale (FLO fromthe second part in step (c), wherein Pr A
(protein A) |leakage is quantified by calculating ri, (FL[g)/((FI-digem4PrA
(protein 2. A nethod for quantifying PrA (protein A) |eakage froma Pi A

(protein A bassdteafad aﬂptqmrﬁitromsmtd)gamhydepemdimg urioh ehendzbinaichrepmniesi si ng t he
steps of: beling.the.PrA (protein A

chr omat ogr apH§PEILQ;b O\Rﬁa{("ﬂ‘?& B}‘lgle(?fresﬁ‘g YRS &‘ﬁ%ﬁ? E‘Frg"d%" thai B8 the term (b)
addi ng an exeg9gasPadtadin®h sdri¥FBNaghaik tmbe(drﬁérsﬁosd tohefel thgbgdidnast n and
measuring resin Ig eluate concentrati fl uorescence signal in

an 1g el uat e 1 g 65Tics-o hhash ekifledsin dhe art W‘?l recogmze Yor ??:;L I¢ loASCATAE YSEIgINual | g

from the resipyS @hh DB Qébeﬁrﬁé‘rﬁiﬁoﬂ?mﬁmﬁf‘eqhﬁ/ﬁleﬁks‘w b s&Uiﬂc%ﬁlb@dﬁﬁ%ﬁﬁ%ﬂ 0
rel ease the | abel ed PrA rotein fromthe resin;

nd
measuring fl M@%Bm@esmbfdap@n )Suslh@ﬂuvsfahntsmf‘om@n#dﬁty be encompassed by

the following claims.

[0059] Many modifications and variations of this invention can be made
without departing from its spirit and scope, as will be apparent to those skilled in the
art. The specific embodiments described herein are offered by way of 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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concentration (PIA (protein AA) fromthe tmated resin,;
Pr A (protein A) |leakage is quantified by calculating {(FI.(g)/((

Ftdige.",)/fPrA (protein Aj)}/[fg]. 3.The nmethod ofciaim| wherein the

'rein

i mwi oglobulin is an EQG 4.lethod of claiml, lithher conprising the step

of renoving the | eached PrA (protein A) using one or nore of cation
ani on exchange chronmat ography and hydr ophobi c
hydr oxyapatite

exchange chromat ogr aphy,
exchange chr evipi @iaRiM is: Weak partitioni ng chronat ography,

chromat ogr aphy, or any conbi nati ons thereof 5, The method of claiml,
wherein the fluorescent tag is sel ecpgdipisom t he group consi sting of Al exa
Fl uor 488, Dylight 488, HiLyte Fluor 488, 5-17AM SE and 6- FAM SE.

treat ment.
or base.
conpri ses

6. The nethod of p' ai rmneth\s@% Eéh&hntf,hﬁgm mtanm@éa&ag%qmm@ﬁg?&am cal

A) basgd AR EnBREARANRY roin 3hdPnBihod i 1 e PN 3B

(a) labeling the PrA (protein A) 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 PrA
(protein A) from the resin and adding an excess amount of immunoglobulin (Ig) to the
second part;

(d) measuring fluorescence (FLgigest) and PrA (protein A)
concentration ([PrA (protein A)]) from the treated resin in the first part in step (c);
and

© measuring resin Ig eluate concentration ([Ig]) and fluorescence
signal in an Ig eluate (FLy;) from the second part in step (c),

wherein PrA (protein A) leakage is quantified by calculating
{(FLig)/(FLaigest)/[PrA (protein A)]))}/[Ig].
P A method for quantifying PrA (protein A) leakage from a PrA (protein

A) based affinity chromatography resin, the method comprising the steps of:

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

®) 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 (protein A) from the resin; and

(d) measuring fluorescence (FLgigest) and PrA (protein A)
concentration ([PrA (protein A)]) from the treated resin;

wherein PrA (protein A) leakage is quantified by calculating
{(FL1g)/(( FLaigest)/[PrA (protein A)])}/[1g].

3. The method of claim 1, wherein the immunoglobulin is an [gG.

SC of an acid
e sui tabl e neans



enzymatic treatnent, 9. The nmethod of claim7, wherein the enzymatic
treatnment conprises the use of y in, pepsinmehynotrypsin, therrnolysin and
subt | el ysi n. 10. The method of claim1l, wherein the PrA (protein A
based chromatography resin is selected fromthe group consisting of ProSep
A hi gh capaci ty, £r 0SetheAndthddrod claf mSapherchmprlslﬂlglﬁe stibBremecing tHdbsel ect
Xtra, Mabsel }ﬁﬁg’\ﬁﬁ Sepharose Protein A, Sartqbind Protein A and Protein
Sephar ose Fast® (proteln A) usf1g off, 81 MERE0E Gt cXFhangR chromagiesranty, 4mion

- f | uor escencexdhangd¥RARIMEShraph Bﬂi ?&dﬁu@m@mﬁmge chromatograpBy, wdag net hod of
claim1l1, wherein the Igis e

usi ng, a suitable pH, 13. The
net hod of cl aﬁlﬁf@nlnwmreiltﬂgf?m h@r?@awglﬁmmograph% orany cquybingti@s et hod of
claim1, wheggidrthe 1g is polyclonal. 15. The nethod of claim 2,
wherein the ' artunogtobulin is an 1g 16. The method of claim 2,
further conprising thJ@tI@éhﬁfOfﬁ@%\h‘ﬁ‘@frqlhﬁlelf@aﬁﬁ@ﬂttﬁ’gJ@SG\@?TG@ &pm ) usi ng

one or nore %{oug%{)ﬁ %E}agépﬂl@ggﬂum%nﬁﬁ%@f AYHLAOFRD: Aﬁ%c?@ﬁg’? SE and

chr omat ogr aphy ophobi ¢ exchange chr omat’ogr aphy, partitioning
chr omat ogr aplyfAMy&l.-oxya. patite chr omat ography, or any conbi nations

t her eof . el t i ' Lyorescent tag is
sel ected fror‘r%?al%ré&;gl% ons(Jlag)tqffr%g of ét;{%l(éiel‘ﬁ uo?eerhgaél,w(&}‘gljllsg%t 488, 14ilLyte
Fl uor 488, 5 6 FAM SE. 18, The nethod of claim2, wherein the
sui tabl e means COJ}I‘prI SHiR method of claim 6, wherein the chemical treatment comprises use

of an acid or base.

8. The method of claim 1, wherein the suitable means comprises
enzymatic treatment.

9. The method of claim 7, wherein the enzymatic treatment comprises the
use of trypsin, pepsin,chymotrypsin, thermolysin and subtlelysin.

10.  The method of claim 1, wherein the PrA (protein A) based
chromatography resin is selected from the group consisting of ProSep A high
capacity, ProSep A Ultra, ProSep Ultra Plus, Mabselect, Mabselect Xtra, Mabselect
Sure, Sepharose Protein A, 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 (protein A) 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, Hil.yte Fluor 488, 5-FAM, SE and
6-FAM, SE.



chem cal treatnent. 19. The nethod of claim 18, wherein the chem cal

treatnment conprises use of an acid or base, 20. The nethod of claim
2, wherein the suitable nmeans conprises enzynatic treatnent. 21. The
met hod of claim 19, wherein the enzymatic treatnent conprises the use of

trypsin, pepsin, cl8.ynoiheypshod, of tladi phhesdimthaRalitableahdant yorsprives 22. The

nmet hod of cl ahdmi2al tedteies N t he PrA (protein A) based chronmat ography resin
is selected fromthe group consisting of ProSep A high capacity, ProSep A

Utra, ProSep Utra Plug mdilasglred 18,Mikael @6 thestita redines@hpeitesd €,
Sepbar ose Protgi &tidsrbaa t obind Protein A and Protein Sepharose Fast Fl ow
23, The nethod of claim2, wherein the fluorescence is neasured using a

fluoroneter, 24. The nmetiecheffodotahii Z.wheh&l @k SuitabR rhdind SonglrRbed Using a
sui tabl e pllen2mafbgedi@bfiod of "claim2, wherein the 1g is nonoclonal,

26. The method of claim 2 herein the 1g is polyclonal.

21.  The method of claim 19, wherein the enzymatic treatment comprises
the use of trypsin, pepsin,chymotrypsin, thermolysin and subtlelysin.

22.  The method of claim 2, wherein the PrA (protein A) based
chromatography resin is selected from the group consisting of ProSep A high
capacity, ProSep A Ultra, ProSep Ultra Plus, Mabselect, Mabselect Xtra, Mabselect
Sure, Sepharose Protein A, Sartobind Protein A and Protein Sepharose Fast Flow.

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

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

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





