METHODS FOR QUANTI 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

present i nvenMEPHOBSAIER GIANEINANE PROTIWRNEAWA 0® IROVEPROTERKAgE from

protein based af 1 ni T gAGRHOAR RITHFAINROAEA O GFE ATy REJINQM protern A protein
G and protein L based affrnity chromafography resrins. Background
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i mmunogl obulins (1g), however, they each have different specificities with
respect to bFiebliofghd lpvent@dd04] As an exanpl e, PrA based reagents 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,

protein G and protein L 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. ¢.g.. Hermanson ef
al., Immobilized Affinity Ligand Techniques, Academic Press, Inc. San Diego, CA,
pgs. 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 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).
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such tags. For, exa

ched Pr A f finity resin S been
previously d8Meeed 3ues\;‘l‘r}i’¢f af%'i Qﬁf FURA Gyge {5%]%%5%?”}”@% g F?ive been used
mostly for geberatekigpleyad jrbadiny @ 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

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 anount of |eached PrA. See, e.g., Carter-Franklin, et al, Journal of
Chr omat ogr aphy A, 1163: 105-111 (2007). [00081The present invention is
directed, at least in part, to quantitative nethods for detecting protein,

e.g.. PrA | pakaaeon toMi&hRABHAAb AR Pl oTBILR (@AnthARE NiFoldfiDl ¢ &£ 1B

fl uorescent tags. Methods according to the invention exhibit a variability of
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by cal culating {(FLig)/(( FLdi est(%:/ PrA)}/[lg]. [001 n some enbodi nents,
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resin: and (d) measuring fluorescence (FLgjeei) and PrA concentration ([PrA]) from
the treated resin, where PrA leakage is quantified by calculating {(FLig)/((
FLuicest)/[PTA])}/[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
is provided, which comprises the steps of: (a) labeling the PrG based chromatography



[0013] I n yet another aspect, a nethod for quantifying PrG | eakage froma PrG
based chronmat ography resin conprises the steps of (a) labeling the PrG based
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[0015] Accordingly, in vet 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 PrLL 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 (FLgjgew) 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 (FLi,) from the second part in step (c), where PrL
leakage is quantified by calculating {(FLig)/((FLgigew)/[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

fluorescence signal in an Ig eluate (FLi,) from the resin; (c) removing residual Ig from



FLdi g"01[ PrL1)11[ 1g]. [0017] Additionally, w thout w shing to be bound by
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[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 (FLygalye) 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
(FL4igest) and protein concentration ([Pr]) from the treated resin, where Pr leakage is
quantified by calculating {(FLagatyte)/(( FLaigest)/[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

hydrophobic exchange chromatography. weak partitioning chromatography.



fluorescent tag is selected fromthe group consisting of Al exa Fluor 488, m
(I'nvitrogen, Carlsbad, CA), Dv |light 4TM (Ther noFi sher, Waltham M), Hi Lyte
F1LLOr TM 488, 5-FAMIm SE and 6- FAMIm SE (Anaspec San Jose, CA). [0022]In
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chemical treatment or enzymatic treatment. Cg enzymatic treatnments
¢

i ncl ude the ¢semyperaphydpgatsicligey butdﬁrfg@gﬂlgnt?%@ p%@ Qumigaga Pl A, PrGor Pri,
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Che anal yt o SPUFRBCRIE A Cleattel irsBar maRks e shiyiee &4 fgoul o s an 1 g
(e.g., 199 mwobmh bi ndqnaarfc’fué\eﬁaa&ﬁﬂlelai Bftﬁéh%th@aymlﬁ%a&hy media or resin, \
\ here an excess anpunt of the is at least 2, or at |east 3, or

at |east 4. @nna%rcwa%\tall@le%@sechqfém?x %wvéogrmbégesméw%mma#d UsiEBacity of the

resin. In gepehRlhodt 8hENCERDnATOHRE 0QfertiRehaRal it RbitTR! Beie (e.g., 1g) can
be determ ned based on the maxi mrum bi ndi ng capacity of the resin typically

provi ded by #hamngalifdetkagerExsmplapercsiasinglugy. bigdje bt lipdigdiid. Yradap®ul at ed by one
of ordinary SKifilp ¢ a&hemrstep P@ﬁﬁ%u&’&nd’ﬁok?dﬁnehéams kﬁgh@e@wﬁ%@mﬁt he art.

[0026]Fluorescence .an measur ed usin sul t abl ans i ncluding, but
not |inmited $ephaope” LMebSﬁeCﬁMfMalm%tméX@aTM mdmsgaﬁﬁh&e? ¢@di ng for detection

using a fluorometaL). SQbfhaifolil AGHYRLY:Gne PoROM! Mrah@lpfular LBt

(Applied Biosystems).

[0024] In some aspects of the methods of the invention, residual Ig (¢.g..
IgG) may be removed from the resin using well known techniques in the art
including, ¢.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 (¢.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 (¢.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

6



[0027]1n \ arious enbodi nents of the nethods of the invention, the Ig (e.qg.,

| gG can be elated using any suitable neans such as, for exanple, the use of a
suitable pH In an exenplary enbodi nent, a suitable pH used for IgGelutionis
a pH from about 2.0 to about 4.0. In a particular enbodinment. dycine at pH
2.0 is used §@lidb@ls @k Hah@RetuBF d@he 18R GF R} bORGIy dalRGlaluawvion2sr [0028] FIG 1
depicts a schematic of an exenplary nethod according to the invention, in

whi ch PrA i sodupesstl ipitherrf hasrsrasebinony echimpiess an e @r Tm 488) . Briefly, as
depicted in fhss 1, thela0elRd B Reakdred Rlidd ank Rbigible Honk 1n'31udfn%aCt' ons. One
fraction is reated enzymatically with hypsin. The ratio FLdig",/[PrA] is

obt ai ned by bwadilngitadie tkeyse ohatlagromater. U2E S5amplg tondipg foy dEﬂeVIOW§lnga

spect rophot ope t i | uoroneter with excitation at
495 nm The oti&{let raggllbgﬁlq}lgé\eeﬁgglzegelpgh?ﬁm?ag lgG with an approximte 5
ti mes of estitfdiled capdeivanyoustmhedingnts mﬁh@hletl:lodﬂsqf theutreantiam thedgdsg.. anount  of

| gG Once ex i!g ho t e buffer),
the 19gG boun%%ﬁ% %1{;%&,}{@?'1&%9 ﬁta{b 341&% YE:%E g:h%l q%@?ntggg a§ita:01eér gentle

m xi ng, the lbIgGIIﬁlnLd\empiangnﬂmdﬂnwned sarbk pMhswl ﬁorsg@emmorpllscau)bhfnntmr at LTV, sonm

([1gg) and uor.onet er atio 495 nm
(FLoth) T oBourEh BdiienT ddhafghab A aRbAL ey e Rlndlefled’c ) e
bi ndi ng of Iatmedned (e. g , \\ ith Alexa Fluor 488) and unlabeled PrAis

equivalent. Briefly, fluorescently |abeled type A resin (FL-A-1 through

FL- A-5) and Enl ﬁgel ed,res':E f)A-l through A-3) fromthe sane batch \ ere tested
for their | 8 i ty on three different days. The results, as
depi cted in fobes|graph imMGFi gpids a?schéiﬁmrb‘fhﬁ@,{e%pﬂdﬂjime{h@@@&dédjn@gﬁd thenl abel ed type
A PrA based affinity ilhr omat ogr aphy. resins hgve equi vaI ent static binding

capaci ty val (REQUOTHR “ihd Texpabdltelith Trescah duetBaafitss "o+t  PE¢bint Pr A based

affinity chranrbRedaphi;. tlYﬂB@laBelE@ﬁieéﬂa 1srs§9tr 1ﬁ§)QQBQint}VacF &5 BOhe T@ét%gh FL B-4 for
the | abeled resin and Bl throu t he unl abel ed resin. i;\c?al n,
1

denonst r at edis tﬁryat?%@lzgmawl} ﬁltl'—f%gm“é “éhe 186 hLahd PrAbiepeanghby srdianel ed type B
resins exhi bjpt sﬁﬁl’ﬂaiﬁﬁ{ fMv,1.96 &t pUloy 19&}5@@&5&10%% hidaCRlidRa s 14aqor di ngly,

fluorescence | abeling presents mninmal interference on PrA-1gG affinity
i nteraction ¢t lgirpmeteiewith exsiition at Frenm.eEhd qther dineticnl is exposadriald ed in the Tabl e

in Figure 2. %B?inﬁtaﬁhh& %}églfé'ant &G f}]ab(edocfa%z[cﬁ§ hf‘r%iecﬁ&?hlé Lt@t?fl ed and

unl abel ed type resi are s t SI e Tabl e and
the same from dabehadusndlynl Qivelesdst iepas Baxleépff\'(ltﬂé’cﬂsa(lB)lﬂ\ére shown on the

gt side ol Tl S ShARSRICh PN Bh 0 ST A UPEE MLELETp of vari ance

(CV) are prese varla abel ed and"'Unl abel ed Medi a
A (4 (/16 vs2.3Afttr Eptlasixme theag}élmnorl\ﬂsdnza\ Ad @ﬁ a(l]\l/ﬁ’lsxssecﬁrobhdt@wta_rae conpar abl e.
ot of & si Y bd0ssrorainonr 1t eh T on-EESIRG R Pt o i 11 cr omt
bat ches of ARexa) Fluor 488. As depict ed in the Table, variability of less than
SRRl RGN R DR A
present i nvenbélan(cleghathesletar 1n@430 e dehlaBelanpiAf iy egvad0t Bhidlly. €. J. ,

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



PrA. PrGor PrL, |eakage fromprotein based affinity chromatography nedia or
resin, e.g., PrA". PrG and PrL based affinity chromatography nedia or resin.
Wthout wishing to be bound by theory, it is contenplated that the nethods
according to the invention can be used for quantifying the | eakage of any
protein frOant‘estsQRJﬁbﬂﬂethﬁ&ﬂ‘éﬁt@Gﬂﬁﬁt&ﬁﬁw}ﬁam%l@esom&@@mgh where the protein
is used for isolatin renovi ng a nol ecul e that binds the protein, including
but not |i ni Hedesegnee gﬁbglmg pesshteppnimal iglegeignes @@ RAderafiug dnteragtisyi eh bi nd | g.

[0032] I'n or dgk gfrfafdn fBifs. PTIRS SR HeSEh QMM /MR Y, i€ THRE & Fig@dh! Yninder st ood,
certain terns are first defined. Additional definitions are set forth

t hr oughout t fieticdendaid @daatie o€ rasis (O from Imedi¢dring juplabeled OPBAreven WMesleh her ei n, the
term’ proteipg, @e SI(PJ\\I];'A?{ tﬁ% 1efiL R TP 5[% e@fd)th@'sﬁn@frtiﬁ(t&\éﬁﬁ qtl ﬁtﬁ%e@r native

source, e.g., fromt cterium tap ococcus aureus, protein A produced
synt het i cal | tpg B.repin (Msdigplare dwvwayomttheesghs side obthe Teldo nfimkant Deadioni ques) ,

i ncl udi ng vayd LV t f ai ty to bind
proteins \\ ﬁ@ﬂtaﬁ%g%ﬁg&%qgﬁ\éﬁg&reeg%%% \égh&pas etgr Tg%é‘l% b%p[{ :fdr{t'runogl obul i ns.
Commer ci al shbelaesmdamlaPeléd Mrdiaude ‘RepB ger yvelbhs fdedMalhda(7e)o vFét%)eme us Medi cal,
and Fer mat ech. Q‘Ja'f% 4] The term "chromat ogr aphy, " as used herein, refers to an
ki nd of puri‘fl PSh” t echni que which separates the analyte (e.g., an

i mrunogl obul joe3@r | g) dfiGi htgiest TiosmmohdeingPoh eéalthges aluss dteem xture, for

exanpl e, ir djifferences i on .betv?een a soli substrate and the
T e bhavedilifieh G o s SE et Mo R vt T e e B ST BFEER S of vent - and
al l ov?s the analkybrAleta Flﬁ@tel’SGSTA@deﬁl&e(bEt thes DAL, eﬁhab[lﬁpaﬁ]es%&ham]g?d/otber ein, the

" init

term"affinity. cl t ogr aph ‘affinity se ation

puri ficati on iesed {{»“ thi sy  EXPRATRAES USE AN %%Fqnt bRcher g U%tssgag}. ng

tecl m que whjeh involves the add| tion of a sanple containing a target anal yte
or nol ecul e (e g., an immoglobulin or Ig) to a solid support which carries
onit a proteln whi ch binds the anal yte, e.g., PrA. PrG and PrL. Subsequent to
t he bi ndi ng of target .analyte or nolecule (e.g., an Ig) to the protein
(e.g., PrA eseri tiglhe undesired inpurities, the target

anaI yte or nol ecul e may be eluted using suitable neans. For exanple, the

anal yte, sucWO3aHd an |gGheme%el\ﬁetm\relﬂeatmtth@safgtnntlﬁbtge)rettemt<f:@n buf f er

having a sui ﬁﬁbbﬁaghﬂr elegl\aggﬁoﬂl%iet@@@tﬁdl o OfCBIrOﬁutl O m%?&t%r Elﬁm 5, or in

the range froma ers tor this
pur pose i ncl agePiey. Pr@tus] Pl tyleﬂdrtéﬁmbrchmet@tz@hbufeﬂeros resin00Bi@jothe term "Pr A

based af fini{ }’éhl%h 'toomougc[i @\p Hl)éor\ Ot 1s" Pﬁt%ﬁfa{%d Ahap%%%gethods according to the

invention can be used for quantifyving 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, ¢.g.., from the bacterium Staphylococcus aureus,
protein A produced synthetically (¢.g.. by peptide synthesis or by recombinant
techniques). including variants or derivatives thereof which retain the ability to bind

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



affinity chromatography,” as used herein, refers to the separation or
purification of substances and/or nol ecul es, such as inumrogl obul i ns, using
protein A or a derivative or variant thereof, where the PrAis generally

i mmobi lized on a solid support. [0037] The term"PrG based affinity

chr omat ogr apbymm@fcial §uedebiPiA iRAEIR @ik IdBHGNF QR FRGEARMedicaRSngised herei n,
refers to the segaratlon or purification of substances and/or nol ecul es, such
as i munogl obRiMa§eh using protein G or a derivative or \ ariant thereof, \ \
hore e, P Gobsugener ahi GToRiagetlpR. & ol o URArE ] AAFE The term PrL
based affinity chronatogra " rotein L based affinity chromatography,"

as used her epwificptedndechniqge t\h@heepmt@tﬂilmabte (pr. if jrempioglebolin edbsefances and/ or
nmol ecul es, sygh Jolsf| b y [ héf erlyative or variant
thereof, mhergzﬁﬂﬁlhgﬁgpsgggﬁ%%a In%ﬁﬁp ?Qigé bghkégs% fg ghpport [ 0039] The
term"solid phage etweegolsoldl %@;jrmﬁatnd tipemelnialphgserigélediss bw nat Inoited taqueous matri x
to which the t I te or nol ecul e of

i nterest, e.“ﬂhg&Q& eP&~§h€% ?%ﬁ%ﬁb g%ﬁR @gﬁ%ﬁagg“ﬁgb é?%yL (PrL) can adhere
or be covaleﬁDBﬁ houndxﬁﬁmmﬂmxanﬁhemnﬂrﬁﬁnmwdm@nmaymﬂed ‘Wfinvar i ety of

materials such a ar gses on cc hari de dextrans, silica
Gol o, oynt nerru iy el T Bh iR e RSt W Ph BB EIE S B Githt 6.
pol ymet hacr yhsatying tpﬂin)qae w:lcamm@a,es prelaytditiony bf aedam@h&bntamﬁig)é&uﬂgétmlﬁdb tepol y

e g s o el PR oL SRR e SORR PR g o 2o

purificati OanQQldJ\Kmﬂch bih&Cae hiiahYQUS . PhasE Gaind d’HSCSLﬁ)EﬁluBIﬁrt(S th@lbmlngmc ked bed
etc, I n sone odi nen as an

colum, and ex and bed col rane, ,
optional preff t%?fébole%tlﬁ%é%ow@Bﬁwg@r%? (e attdetgggw‘fgfqtﬁg ity
chr onat ogr ap&“Mh@ﬁwehedeﬂymﬁﬂeb rid @fhetinh R rantidcal! ayidfehisd efor e
chromat ography of the protein of interest. An exenplary eqU|I|brat|on buf fer

cont ai ns 10 W&blﬁH‘Gé‘}?hfpée‘s“alpien@eB{ﬁlftérsuﬁ—ﬂs?mig(}[@@4@1‘?\‘%6&6@#‘?%118 affinity

resin” " af fihhk EMu&hlSﬁfE%&%g@Pﬁﬁ(taEl%H”a @EHHhSﬁE’ra{ﬁ@é ﬁbﬁ%ab&ﬁfz%s to a
chromatographlc support to which a chronatography |igand PrA or PrG or

PrL) is attadietd. oTheh¢ fagamidon sbqh g abibeupd. ‘iaﬁ‘d’ieﬁ@f elgtien eec,fel @isof i nt er est
(e.g., an i &gh& %b %&MQ,&Heo§a&:t@ﬁﬁﬁﬁr'f'ed or renoved froma mxture.

Exenpl ary prot in A ase |n|ty C romatography resins for use in protein A
based af fi ni l093@hr omat dde gymmy Pr/hbh&@dieffprtbﬁlerpmawgﬁanlﬁmmrrP@éﬂdl ompsda control | ed

pore glass b 0 Bﬁ? %ﬁy g&? Hi gh

Capaci ty, ?ff’hﬁ)\ a§0$§%ﬁ$\ung Pl I p fien SJKAbT]MﬁC@Z)}l%?A i mmobi |i zed

on a pol yst ymestmcsmhndébrpma@e es.esugh asUMuﬁ’t@RmhﬁﬂAairrg pemeumAa)md POROS MabCapt ure

Atm (Applied BloSystens n_A | obi | j zed on ap,agarose solid

phase, for |%ﬂ? ST gk&%%ﬁ %§%%5A §%mﬁbéﬁ%MWﬁ§° BSELECTTm resin

(CGE Fbalthcanepm1[0041]The eluted Ig (e.g., IgCQ nay be subjected to

addi ti onal i cation,ste S, ei.t her rlor to, rotein A

affinity chr {ogr aph;/]rh'gtteég &g ;);qu ﬁl?rf"f‘?étrog Ell?}I folrc%rtoie Gd8%8s i ncl ude,

but are not Affifit ﬁﬁlom@togrﬁpﬁytTa@'&lb@lﬂlerehy(ﬂéf@rxYcﬁmabdphﬁm@thb@mﬁﬁgi’oﬁ@hy hydr ophobi ¢
reci |tat|on ani on or

i nteraction chronmatograp amoni um sul phat e
cation exc haﬂ@ AULRT c?@fﬁf Sugh HAMBnIARiRS: psipg Breten \Péf‘se phase HPLC,
weak partiti @aivig ek it @gfap mﬁeremlihrmma& e REMS iMGobidd duid oni@t i on, etc.
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.



[0042] I n sone enbodi nents, the eluted Ig (e.g., 1gG may be formulated in a
phar maceutically acceptable carrier and is used for various diagnostic,
t herapeutic or other uses knov?n for such nol ecul es. [0043] As used herein, the
terms "protein |eaching," "protein |eakage," "leached protein," "Pr |eaching,"”
"Pr | eakage"[papg| "| eached P “solid@fiate o0 doh@ seipbac haeally Rters Nashinng of protein
(Pr) (including intact and/or fragnents thereof) froma solid phase to which
it I's bound. 2qURCUSERATEIRYUBAPL eI wak fjasobiingppiAemPige 87 a9 0 s quant i i ed
from PrA" PraEfbtinRased «ahiddh hypedyr En@"(ﬂ@#)ﬁrﬁt%f%ﬁdﬁ%ﬁﬁ}&ﬂ the nethods of
the invention. Protein | eakage nay result due to many different reasons. For
exanpl es, Pralhkiakageovslenty foundakei evgmpiayPriesal e quided © aeesohs such as
mechant cal SReEldich b HiUp B AARASUI Snc AANR ok sl RANEM! ObUTT N,

T Profei each

proteolytic activity etc ching can be qualitatively,: nmeasured

usi ng var i ousnthetiopdueers (ivdtstrareediviey Ibereaanpolj aertlive, mbimethagolaidi ng, enzynme
i nked inu arhent. ay: (. ) ] n_hl.ot .. hi pressure
liquid chr ronr:g(f %%Bz%‘?%ﬂg {é f%ﬁdr%&sﬂs P gg@@ﬁ%ﬁ%?%&@#&? &qu@léennlggﬂ}d of | eached
Pr A i s gener tkir yorsprndgernbpdyassnond Riadd bdbdafThenblid/suppont foxmatoncludes.may be

repr esent ed .n rotein Al .ant i body. 044 us herein  the term
L hrmoqt obufti F B Flels R Mo BEE b AR R MR P THE ot er s to a
protei n havi pgkal tedbleininoand-eRpdiypeipdd cdBinah aiembsing wat Uf @ommoNsi sting of two

heavy and two |ight chains, said .chains being.stabilized, for exanple, by

nt et chai n dPReACRNS B oM PEHTAS Hefe BEGPY] b b RSP ar 1y bi nd
?nti ge_n. Theaﬁiﬁi&mﬁt})?ﬂlﬁtﬁér@p@hﬂd}fbe}eqtﬁllﬁﬂwdQ‘hﬂiﬂdsﬁ]i'tqtﬂé %L'ffﬁe!r pgbe- chain ?nti boqI)é"

used i nt erchangea rein) refers to a protein having a_two-pol ypeptide
chain str uctav%t%@a%rgl?@tq?mj %%tela Oh BRI afity e%enmtlﬁhﬁmeﬂ%ﬁw% Sare RS bei ng
stabilized, I(DﬁMp%gM{afé,saMé duneepghai n peptide linkers \\ hich has the ability
to specifically bind antigen. The term "domain” refers to a gl obular region of
a heavy O |i0§Htl chai n Theisime ptings restiner i dfing dhepptemathyspdn (& yed conpri si ng

3 to 4 peptiglfeih GeRDIo 8 LABIalZRPhic EQpoRXATRIE o cB¥ b uraBh el A4 (Sheet and/ or
intrachain disulfide bond. Dormains are further referred to herein as
"constant" oPrAwdiGapPeY) is Hiasked. dhe tignad isetagalile el hinding tofa mdeputertde vari ation
wi thin the dgpai f \iﬁh%ﬂﬁgﬁh S i Lhenkasen divRnst ant "
domain, O t {eglaé:g!O%'rﬁgl'o“faln(;%1nE1 ar iuat.)?\gnCHvT\ﬁF(ﬁlﬁelrﬁI§L ltrngdgo%gll%n.s 0 \a g‘\r\tlﬁ%' us cl ass
menbers in thenpdae poteinAbasediaflivie chiomeigmphAresing édyson ppotipgelptséde " domai ns'
are often referre i chan Ly A . i ol y: peptide
"regi ons". T‘{}{ﬁ[n'%céolﬁé gét!r)l%} aﬁéodr?rcg}]%zﬁ%’re 1}45‘% ?E%%/Z%F Fatﬁt% C?E%(%lgggérregars gf erred to
i nt er changeabdcibaas. ¢'4.1 i PROREP AT ansPROSER ed*bresits. High @ipcichdilim adnst ant
domai ns", "CL. tons,, O "CL" domai ns.. The "constant” domai ns..of anti body
noayy  chai ns'S0 SER LRGBS Mo RIE TR Ay EPE 800 po SRR Baf . ane
regi ons", "hgawvy ¢cghthe ROBROSsI0aiY raomandBOROS CHbCrggieoX¥s (AppliedH' domai ns. The
g Y &g

"variable" d i ns Nt i body ,l.ight. chains are referred to. interchangeably as
Vbt chai nEORHISE e Fat PRI A PGS EHi RGeS MGGl e, 1 Pegh oms
or "VL" donaihasPROTEIN' A SEPRBIRESEdONS FISO WM anbi ARSIy Eodav yes@h@iens are referred
to interchan e%£I as "heavy, chain variable regions”, "heavy chain variable
domai ns", " Eéﬁbns or "VH' domains. [0045]1In sonme enbodi nents, an

| rmunogl obul jon4i]s an | gfe@niddagdys.. loGHRAOGE Sibikciedso Rididnhl ROGLQRMRY be
nonocl onal or polyclonal and may exist in nononeric or polyneric form for
exanpl e, | gMteiitei PR driasiovdi Rt digipsgtein g fé@ﬂlﬂa%‘?mﬁogfél?%sgﬁd SPOPIYA ant i bodi es
whi ch exi st jRhENANELiof stefl HBINHE b ard Mt (iihiiRY i iftRNisA. hii8x{phdr " f ragment "
refers to a part Or portion of an antibody or antibody chain conprising fewer
anmi no aci d r @spayegrapinaky dagphpbic digragion chioplaeephnttlod dyngnivght | body chai n.
Fragnments c i i hCal F-GRd T nt of an intact or
conpl ete an??%q ?qg%ﬁgﬁ?g%gggngﬂgghgénggﬁgﬁﬁgﬁggkﬁgTSgﬁ%geobtained by
reconbi nant preeipatioExerasieahysefdgmvenls pariednitechFammtograthy, F(ab' )2, Fe and/ or
Fv fragnents - “antj gen-binding fragnment" refers to a

pol ypepti de %g%?%§§&§?%§%§?g#ﬁﬁgﬁﬁbbuIin or antibody that binds an antigen or
conpetes with intact antibody (i.e.. with the intact antibody from which they
were derived) for antigen 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 imunogl obulins. Biﬁaing fragnents include Fab, Fab',
F(ab')7, FV, single chains, and single-chain antibodies.



wt PrA Structure and | mutunzlobulin Bindin2 Sites [00471PrA is about a
42-1c-Da protein derived fromthe bacterium Staphyl ococcus aureus and contains
five tandem hi ghly honol ogous extracel | ul ar inmunogl obulin (1g)-binding
dormains at the N-term nus, designated E. D, A, B and C. Each extracell ul ar

domai n of Propgssesseyy disd éfigddich@ndimRdivigl 181t 8S1eGPARy Bk t@mubuddan Fey (the
constant region of 1gG class of Ig) and the other 1s for the Fab portion of

certain | g nbPEEupeEyiqilhaceeppble sHTgFangd freuspdiof nafious dlagieasie ARSI CBIG &r  ant i gen

recogni tion) opditusRascRE ) sHePRLL&[.st hat each of the domains contains a Fab
bi nding site. The non-1g binding portion of SpAis |located at the Ctermnus

and is desighatdd t he Xsused beinrthetedanwirgielp bod8nghepretendpakgesot t he gene
encoding w té i Cri [0 Mo Pat ent ;D : 111, Exenplary Pr
. Fféd% Cppl’géﬁl Ppgeﬂglﬂl . B leaF% 431}%”?%8%1813% ?I‘etéﬁ% thcj:

based Affinity Chronmatogra :di a 9] 1 e invention can be
used for quaddtichpienigr haskiage podteia (P ohdiding ménet prdotr diagmerftf thaieed chr omat ogr aphy
medi a or resj prot ei L0l h resinis used
for isolati nfég%ra\gglgcfrﬁﬁ}“ ?/?W%S\lgghﬁ%%ggﬁ%gﬁgﬁg?ng%%l gh%{e#sh[ée%%gtg gjls%pﬁl (;Tl exenpl ary
enbodi nment s, omiet hogsn@iedtftven P\ @nG ooPrLaragedudi@dtyfobrongua@ndphf yaésimg usihg | eakage of

a protein froman affinit hro 0 hy medi r resin,.where such nedia or

r eg inis usetg‘e fl}gﬂ“olg%%ﬁt ?5“&‘81%8?' Frg&%‘g{egllgqg%{f;“g}hreéﬂt?% t&%aay Sgﬁ?ﬁn froma m xture,

}ncl udi ng blﬁlteami. ]ngrék%ﬂﬂEist Bl;zAIx Rrlége E’fﬁtAalatthﬁrnga@nglsudem; wa’ed\;\sx_ﬁ@sﬁlctvari gnt s agd_
ragnents thereof [ e i- rotein ased resins which may be used in

the et hods. BrTSHENT SO Ak TPt SPEe G R ARt o PROGEP VA H gh

Capacity, PR&BSERyAC btivica e PRESRER AUkdchig Rhiise uMilafitdpomedsurelusihgi n A Sephar ose

FastFl ow, rnp Protein A %g har ose Fast Fl ow, . MabSel ect bSel ect Xtra,

MabSel ect SuRSOpTEEcigIT g%)w,el n ghe dVELBLPPEIRRA (Appl i ed

Bi osyst ens) , in@f¢hosorbent assay (ELISA), SDS PAGE, Western blot. high pressure liquid

chromatography (HPLC), mass spectrometry, ¢fc. The amount of leached PrA is
generally represented as ng PrA/ml affinity matrix, or it may be represented as ng
protein A/mg antibody.

[0044] As used herein, the term “immunoglobulin,” "Ig” or “antibody”
(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 f3-
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”™
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Sartobind Protein A (Sartorius). Exenplary protein G based resins include, but
are not limted, to PROSEP-G (M I lipore), Protein G SepharoseTM 4 Fast Fl ow
(GE Heal thcare), POROCS G (Applied Biosystens). |V. Exenplary Fluorescent Tags
and Measurement of Fluorescence [0051] Any suitable fluorescent tag or dye

whi ch is capgathfnsQft ah@R@! 1R chail 26 RifdABY iRecHB ALl Ns tight BRENods of the
invention. In general, it 1s desirable to use a fluorescent tag or the which
has an exti nexF@anf redesst | dipiphaig sansyt desang h4d 7eeioper chl- N4t h a quant um
yield of >809hand @i Rinlahsr BiHRly RACL ShddlsSACRINGd ¥ infHGARANY s The dye used
shoul d be stable under the conditions of the experinent, e.g., a pH range of
about 1.0 toTehoutham@omstanFegions ot kdany Hageenaifiitidamas c it Uneaeogs aphy. nedia, it
s desirabl e-di§- yaeuATHAE - ditbig! o ARfCALRRN TERCHANEy DY ESregi P! ary am ne
reactive fluorescent dyes Include, but are not imted to, succinimdyl esters
i ncl udi ng suinfeodaegsably 0% dight drirevasiable sagtdns'o Clygn ahas yargblefdomgins'chl o ri des, and
tetral | uor ophenyl. . I o . L hi gl -r [ yes i ncl but are not
limted to, frr\gl?ellie%rllgg;e(gr, %[])“hgélgﬁn%ﬁ%er];\/,Qlllglic%)lloedgg%g{ngélﬁ%lg%g%hll{eg?uﬁgg? es, rhodam ne
deri ative, anctefbenizoxsdilapgeatisrasviavyesin vaniaklkeegodnal. yhewboldiment s, dyes \ \
hich may be used for |abeljng a protein based affinity chromatography nedia

i ncl ude Al exaF? Sldogfélgs(ie{ﬁbi ?ﬁgboélgﬂr, @rfloéjbaé%f; CA), Dylight 488 (ThernoFi sher,
Wl t ham MA) [00kE] Lyre Hhuand eméb838nenanan arhiveloBHimigdn 62FANbpdySE ( Anaspec, San

Jose, CA). [0052 ods of the present invention ar neral.ly based on the
oaeur oment - BRRGIORP LSS o duivoftEs Biar B Rondfanitih peRsRnd HTREY By 0o er: eal
spect rgSC0EYmbﬁbMic(bh%)@yliﬂ@li@fb_bﬂl,lefoi SapipRme i dlttb@diamwﬁilcl_ee:%igtomb@ﬁdd d]%‘i_ceX_Ci tedTh
state by absorption of ultraviolet, v]si e, or _near Infrared radl ation. e
oxci ted ol eQian /%%A&eeg%esaﬁ% B HROTGP A 8 W RGO wer - | yi ng
excited el ecthBing - Bdopleft DM@ & HArOH: Ritidnl @hk antWBHEH: dnsibsigtaghed using an
instrunment such as a fluoroneter, In case of the nethods of the present

i nvention, t HEFISHERE Sminogyrll rddugs faaan inASt e MICHIBI NS o4 protein,
e.g., PrA lip,ls P@f@g%&eht%%@bé m&nm@c&nﬁ%?o%kﬂkfﬂcﬁﬁea&%t §d MofEgeENt i ntensity

wi thin about 20% of the maxi nrumintensity under the experinental conditions
used in the eRepieIantibpdy efenfibadashiipn Fragmgnts caggdsodie oftapgred by racpabingiige of about
1.0 to about Ol Qhpidt flab@stis ey pQUrg I F sinNg the Label ed
Protein frorrllnté%‘g' P‘r%’?pe% §§sglgs A?fup?’l?%y demr%%%ogg‘z%ﬁ{/ \%J.I% lIS'[ 00531Fol | owi ng
t he | abel i nglUgf6]la pr ot diha tdrm “antgentbaidmgdagodn(C hefenrit opelaphydamsdicn or resin,

t he coval ent ein s re I LNty . ia or resin.

Met hods for !?ﬁe/ Elg&é{llraﬁo %bglg}glogﬁitlﬁ)ﬁg%%%ﬁ%&ﬁa%eaﬁ %hgfco%téqelﬁe%\ﬁ%ﬁﬁﬁﬂe affinity media
i ncl ude, but amibedyn@t.. vitinlteentadt antitwide Mfocabhicndieenzigiatived) fretiigeds. | n exenpl ary
chem cal treatment nmeth . acid,or. base catal yzed drol ysis.may be used
Which does' noparhle perbndfhs Rt Eab s AR ET LR Eenptary
acids \ \ hi bDNAnmaghnhgeusell ¢mayihine arehdmidd cehvdchef innvemtnmowglobdlnsde, but are

not limted {o,. mnoval ent acjids._su s, e..g., hydrochloric acid, divalent
hoi ds. "suon BGUIREANE MBS RS R S ra i e RS S SpRosphor i ¢ actd
Exenpl ary baggisoditd.ch may be used in the nethods of the invention include, but
are not limted to, sodium

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. Each extracellular domain of PrA possesses distinct Ig-binding sites. One site is
for Fcy (the constant region of IgG class of 1g) 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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hydr oxi de, potassi um hydroxi de, and cesi um hydroxi de. Additionally, chem cals
such as CNBr nay be used which can break certain peptide bounds, thereby to
rel ease the | abeled protein fromthe solid support to NN hich it is attached.
See, e.g., Unlen and Nilsson, In Proc. Biotech 85 (Europe), pg. 173 (1985).

[ 0054] Exenpl gihdihg BOVEYIBE A kQRaABNhe MBERAAS ahD Gl dédiBnatdiUhe REiAPEr i M ted to,
the use of an enzyne capable of digesting a protein. Exenplary enz nes

i ncl ude, butXglogalpt linited to, e.g., trypsin, pepsin, chynotrypsin,

t her mol ysin gggjsubt | efth%lcra)mnglofh@ag%ﬁgénegdﬁ HOERICONGRANIURT PYGIN
Concentration fromthe Chemcally or Enzymatically Treated Resin

[ 0055] Cheni cliPIyIdB58nzymatical ly treated resin is subsequently filtered to
obtain the particulate free supernatant. The supernatant contains the digested
| abel ed protein (e.g., PrA) the fl uorescence of Whl ch can be neasured, for
exanpl e, usiHy a ExEuwpl ) Media . Thi s read| ng |ncl udes
the LTV adso on contyr, ot ein A and
protein A fr@g%‘%nts di gl\é‘!éF&%%?thﬁl‘re@g?n%ag%?hggrfggcﬁl lf{]m ge& Iy obtain
concentrati opro@fn frdre pprta eﬁﬁmt;( ehrgmato @nphycoanitentrean. wdrerecmcf[ ﬁn#é]n) t he
contribution fr the che uorescent dye

1 or escenceteETHE sHEdET: S Te SRRl i o B SRR AR et om chem cal or

enzyne, LIV, Wkigh bmﬂetﬁepmteruelmasanplh@ epibotli@ients (1@ethods oPrhA)imeatiorxee det ect ed by
measuring the artln or. enz concentration factoring in the

0 Tt on’t aots 1o e i TSR RbapIaar Trorarg e cisraesERt talor "t he can be
cal cul at ed byr redi, aitRidN@ch ﬂedlb,‘&\/reabssqrsgd fomo&hn@@la‘émoﬁng hemfanuor escent tag or

dye, which is usu LTV at excit |on wave The ratio
LTV275/ LV" ammewgfpgv mefé%a&}}étu@aﬁ ding i I}%Llrlyg%fﬁt %WBH-% PGHOAS vendor . As

an exanpl e, @gsHiNeRG akifidd addihgfhis fetdopn coefficient for Protein Ais 0.149,
protein A concentration can be obtained using the fornmula: [UV275-UVenz dl em

Wmax X .4/ §93%g. [OO%FPP%H@%‘@@H%E&SF%fe@'é‘ﬁélh%&béﬁl}tl??Ué%@'dilfhétmeélw 8f a nol ecul e

at a certai nof’\zﬁé’fﬁk@iﬁgh Mhchiad 341?51‘3%5! 198 1ol RGP W Ml @pahih, brrogecei ve the
em ssion spectra. he optimum excitation and enission Wa v

ner al
el engths r ecéﬂcﬂ’ﬁj@‘ad’&SPSgEP [tHHéPhS &MﬁleQf@anWéA\ﬂ@h@mseﬁaﬁiFlﬁé waebyotemor - exanpl e,
for the the ﬁ'sﬁlél?zwc!:le‘FQJtF%@Sl\/IfaB@é@c erbTSAII‘BQ[@mT: extbsatd SirNG@vel ength is 495 nm

and em ssion avelength i1s run Tuorescence readi ng can be
obt ai ned fr oHWé@lptE@)nﬁ@B@S AiPORGeMplCaptire dt(MopliddfBipstemslamyl. . Fl uor escence i s

typicall'y r e%to%ﬁd%&%g {$Grius? A Blary PlofliPa bl Rsink i HAIQRE G at a set

terrper ature, suc
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 €, 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. ¢.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

esters. Exemplary thiol reactive dyes include. but are not limited to, maleimides,
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VII1. Measuring Eluate Concentration [00571ln the various nethods according to
the clained invention, concentration of the eluted nolecule or anal yte of
interest (e.g., imunoglobulin or Ig) is needed for the cal culation of |eached
protein, which is neasured as ng of |eached protein per ng of eluted nol ecul e.
I n exenpl ar ypimtihRASH2fIOi@IaiEdd hidshRatbIURAAHAR dedRfvehild G MRlREHl € 1s an
|nnunoglobulln which is isolated using PrA. PrGor PrL based affinity

chr omat ogr apw“ AP aln el\ﬂméléﬁeené}%@éﬁnﬁe%teé which gnag|bg gyl frplpeline @ pradeiyy. |~ an

i mrunogl obul j Red AifinkeHEaRRG bR MddReinahdd Nfe%&i?h?&?h@ﬂifﬁhxqglsgeﬁh&arﬁﬁ&ﬂ a using
changes in the pH ionic strength/salt concentration, and/or tenperature via

gradi ent or SApPtiakirn§esThepppFigheamaltham; NMAdadd.y @fFlvfg@' 468, and DRAM. S a Pr A
based chrona&@g{ﬁgpyﬁﬁﬁghggiss&yﬂbggJgy achi eved by |lowering the elution pH to

| ess than 5 ut no nd nost desirably between pH 2 and 4
Exenpl ary el i005dn buf f é\ﬁ@hwdwlfuwd@r@@éum@ntmiede, gaypkplly hesed amtheci tric acid. | n

soe. enbod Mgl eenBh U ey i OGh L8AGNSHEL Ry Lo Bl uton buffer at

rate of 2000 ¢ r or |ess €ss, r or less, 600 cmlir
or | ess, 200spectrisbapyon wheba,md@dlegsmpiomoel td @sdectiOniclll cmitdalrstade bt ess. I n

general , the slo 1 i the ds_t. dia and the
OutT on' 1 o6 BHEURE phFui e B e ey R Frb A TR BB Fow rat e s
<5 cni | hr, tien dedisbablt rdBe gbms;lestatteorttba1m+1ﬁumaﬁteauaéctmhlclsgﬁ byt can bind, and

t hus reaches the static bindi paci t Exce | is used for
Stati ¢ br nai sy deadit whsBe: Sk aRRG: S ing R S FRE Mhdirehsm bi ndi ng
capacity. Aceé of thghpthodN& dameraht iffentigacitethopisedneily ida kdctuswat | y defined as
ng of Protein his inventjon is further

lgGin saolution 00581 T
i lustrated 159/\1E@de@Mpcsweann‘qee&%&r@éewblekhaéﬁ&hladfyﬁawn&émé fistrued as

limting. ExpnpbesntBfam ﬁnllmlaﬁ&ﬁbl)%g)f‘ﬁfe Vi Bas @derftf Litiek Yhe Chr onmat ogr aphy
Resins Wth a Fluorescent Tag [0059] Controlled pore glass based protein A

affinity chr %Wﬁ&uaa%t%lﬁﬁgdm%ua%d ip ghegnethqos gEdE (T POHER. HR ghsecAB&Ei it {eand ProSep(r)

U'tra PrA (Mdhid AL 0o Lal e bahek bk hab bibndgie Al exa Fiuor 488 dye. Briefly,
1 ng of the Al exa Fl uor 8 the (Inwtrogen Carlibad CA was di ssol ved in

about 1 nil ¥f D !»i?w'w el 'Lu agithe Lalwlad ; { Y was treated
wi th NaHCO3 (0.1 GhnyemagesaphwResinim dri ed and packed |nto 15 m s Evergreen
colums (Evergreen Scientific, Los Angeles, (A). Approximately 3 ms of
NaHCO3 \ as HHdHd to ef@ﬂowmgdmialmﬁdgDﬁzeprctﬂlljrm@r(miebmé)ped and \ \ rapped in

al um num f oi ) e and put on a
shaker for a héolf\gg‘é}ép k&g%’rdgdo rEher ?@‘E)l}ﬂt\ﬁ)%lye& g%lnd? fege%ggve\l/afg&ggggd to the
col um and s#fakignmedn oarresih hMethdufor reTémeingoémmuWa&uﬁUlmeqtpmeih sjfoml urried and

washed three ti unes t hree
times with abg ﬁﬁe"%‘ mef“ﬁ‘ Cl?‘\ffél lﬂﬁére “8*1 ﬂgtﬁ%?o t8t‘i%18ml°r”‘{ a“ga Hz‘t“?%% met vrx;ﬁce With
about 2 col usempblucresmiaf trédahiit @R tledc hcitl iombase 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. ¢.g.. Uhlen and
Nilsson, In Proc. Biotech 85 (Europe). pg. 173 (1985).
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[ 0060] The | abel ed resins were subsequently divided into parts of 1 m and
transferred into vials. Exanple 2: Resins Enzymatic Treatnment of the

Fl uorescent Taa Label ed PrA [ 0061] One fraction of the fluorescently

| abel ed PrA resins was subsequently enzymatically digested. PrAresin with no
fluorescent joabgl was usepRSs @ EaMlciRhimdBl ehbd% indudd b@far@Rematd t he PrA
resin was treated with 0.1 M NEI HCO8 and vacuumdried. Trypsin was dissol ved
in 0.1 N N ©1haerlananame erAtifed sipeginertpreieing Fsepplany kas sk dSuch that it \
\ as bet weenyQaf RPfmked AOOML st pQint Hﬁn{oﬁy;%ﬁ heRbiVih Al Wbiesubsequent |y
added to each of the resins and incubated at 37C for about 2 hours. The

i ncubated nedia slum was filtered through a 7 nL Evergreen drippy colum to
remove the sypentizlfitink Wl i0E TGl Protinl ¢oRbin MRANLATRNEndRR i ke at
UW7751unD and UVZT. Hzymati ATy Preated RV SupLracted fromtnrs varue. Al so,
Uv495, ,, 1, F neasuremnent of the ftrate was taken. An extinction coefficient
of 0.149 \\ as used to obtain Protein A concentration using the formula

(W, 75,.¢ X R)iokéjt ion f %}egﬁcaﬂyxo}%%%%gﬁ%yy ?r(eagédl I'ggilil %Qulgs%&ge%ﬁ))f ﬁReerfl %’

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 (¢.g.. protein A and protein A fragments digested
from resin). In order to specifically obtain concentration of the protein (e.g.. PrA
concentration or [PrAl]). the contribution from the chemical or enzyme and fluorescent
dye in the fluorescence reading need to be subtracted. The contribution from
chemical or enzyme, UV, chem.. used to release the protein (¢.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/UVax () 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—UVenzchem—UVimax 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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whi ch gave the concentration of digested Protein AL [PA]. The \ alue off is
the ratio of UV extinction coefficient of the dye at UV2751, n/LIV495111 and is
provi ded by the vendor of fluorescent dye. [0062] The fl uorescence of the above
filtrate was nmeasured at a -2000 X dilution (with 0.1 M dycine), which gave

t he val ue [ R ge¥ibdsuriis diRlit€candaasHoan 1C El uate Concentration/ Static Ca u
acities of the Labeled an Nl abel e esins [00631l gG eluate
concentration/static capacities of |abeled and unl abel ed protein A based
affinity chr®fatlogr aphyn thesireusyiegtleodd aecerdi e dheaddaimed jnggionMeasur enent  of

stati ¢ capacidnfedubii HnARuled Hof@bit 8l 1§HBELL 2L Mhul@Relfing of a PrA

resin \\ ith a fluorescent tag disrupts the interaction of the PrAresin with
| gG, for exalgplsareededdaghe cabailatign ahlgaahad pigtdire vhphAs measied apag ef each neasured in

I nil volune : ' i C j i ng. Each
sanpl e was r%%‘l(lﬁar/ ﬁllroeé’? [gér%g%gdqf%ﬁt‘%dbdrlgte%l \S[“/S\?ﬁ%%ﬁ meg‘?f* 2 €i%“ldtr}ll:(fjtl\tﬁ?lgﬁosphat e saline
buf f er ( PBS) invéitiat.i thnelbitgd gokeeile ys afimPBSoglalsilidi sivelr deghlatédalsingied. by t he

addi tion of H | yvei ne, ution wa i d other 5 m of
01 N o2 BGkAL hed MRl ma R o Dd R BERL AR D05 Tue
m portions mbleBBS cyerae rackded:ldtmliedquiddabrdateen thhaffmidichrobafographt he addi ti on of

5m of -50 [.mL .pol.ycl onal h}.gG (S -Aldrich, M] kee, W). This was
Poll oved by TR0 Hef oi5eS Mhine B et s eoh e St Biwe®id i om by
gravity wer evidigtdrhd@dtep Changbdnerof bxaiple, th dasdvbf Ip6El dntionaBonaddedbasd t he dil ate
was col |l ected, | abeled as.FRI. . Apother of. glycjne sqlutio s added and
the ol uate wikonghradt et spuial’ s ed oy G el anat i s Bat  nm was. ¢ aken
for obt ai ni ngut@b Wi hah @B X ancebdt dadiiabif bbh@Ed pH Bhad esudhSa9fl@be such

experi ment ities of the PrAresins is depicted in

measuring the static capa
Figure 2. Asb‘ggﬁ%‘ﬁ%lf‘ﬁlea%c%c 5. gb’@a?wemgwtwcgﬂr deeoanenpodines. glutiphel pr A resins

Wi th 1 gG wasigaat adhi el Pla@Rwf eldlign 8GH bt SRS 2bh@chhHOrIBECRID kg to the
resin. Also, nmeasurenents of static capacities are Sl%gl cted in the Table in

Figure 2. The' lefis) 80enlyre &t 040 P Y lgey 20 Gscnpbings desedl O4cmAP @0 RIS Oisi ng FRI X

di lution fact®fmtior less. 1PEenbR, thE sBiweb e R wf ACT QE MofXbGMalds @he @Rbfal cient of
| gG Fluorescence i s subsequently neasured at 519 mmw th excitation at 495

nna usi ng a Judboelfrndsgaondenvrtiomes wpicglriagher. Divhen the elywign Ky ratTise5f | uor escence
val ue of FRI d ER2 ~ dia i FREL fof of the
correspondi ncgrﬁl/?aitt)eel eﬁ%ﬁ@a&&%{gﬂggﬁn of 't ﬁg&k&%o@@fé&e&ﬁgeﬂ%ﬂgﬁs of fraction 1
and fracti onre2ches thmstahebiabioy eafiasitf. Uixcere nmewistof &t e disdayforstigicdgalito obt ai n
][ Erle%fL |P E g{ailag'}\ft\?s%,ﬁu li(l:agllgs (s;ilt%{ﬁ&ﬁﬁe%égﬁ Lﬁxihﬁlmct?}hc‘ﬁh'é A& GalR, fol I ow ng

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.

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,
Carlsbad, CA) was dissolved in about I ml of DMSO. Approximately 3 mls of each
of the PrA resin was treated with NaHCO; (0.1 M pH 8.4). vacuum dried and packed

into 15 mls Evergreen columns (Evergreen Scientific. Los Angeles, CA).
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[ 0065] The enbodi nents herein provide an illustration of enbodinents in this

i nvention and should not be construed to limt its scope. The skilled artisan
readily recogni zes that many ot her enbodi nents are enconpassed by this

i nvention. [00661Unl ess otherwi se indicated, all nunbers expressing quantities

of ingredi enp\fproGtate \CHIsWISIaHCOE RlaliBlHed €POH Ed1QAS anPE c8@mhOLE N used in the
specification, including clains, are to be understood as being nodified in all

i nst ances bycapyd and pyinpred Bothemmundebr by 90 nlthesye danaddgf &xcachdi cated to the

contrary, thg IR KRbn PRIEDEIDuAT SHLARPT AdIRY hO PR ufidywiary dependi ng
upon the desired properties sought to be obtained by the present invention.

Unl ess ot her sddséta thelpdamneand shalentferamthar haus gBhe'copmecedisniseauesdy i es of el enent s
i's to be undgpstead &&héc?ﬁﬁ% éih%%f{gtﬁréb(ou‘?b%%Hﬁl.\%fﬁn{epgfﬁﬁﬁdj&seacﬂ_ Hﬁée skilled in

the art will recognize, or to ascertain using no nore than routine
exper i ment at thoa timeamytheboitvab ks otumes hE2¥p ebivfal eachMvedindemice woh t he i nventi on
descri bed heyel : LV . |0t ended to be enconpassed by the

foll owi ng cl %?)'ng C?‘éﬁ%ﬁﬁfé%sy@nl\gﬁcﬁgé?ﬁ@%s and variations of this invention
can be made MO6Mout depdetdbalgd Fesomnwetessubgiqnéntly dndledaapeartsas lwnlldndbe appar ent
to those ski Ie% in. ;he @rt. The specific enbodinents described herein are

of fered by ?}ls re%?(?'rlplf‘é' only and are not neant to be limting in any way. It
is intended that the specification and exanpl es be considered as exenpl ary
only, with a true scope and spirit of the invention being indicated by the

fol | ow ng cl Bkardple 2V\hatEnzSmatiaTR@@méist of Ghe M 1ioredcenit TRE NakskiddoPraguant i fyi ng
protein | eakrgginsf rom a protein based affinity

[0061] One fraction of the fluorescently labeled PrA resins was
subsequently enzymatically digested. PrA resin with no fluorescent label was used 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 NHsHCO; 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 UVy7s,mp and UVagsy,r of Trypsin was subtracted from
this value. Also, a UV 9s,,r measurement of the filtrate was taken. An extinction
coefficient of 0.149 was used to obtain Protein A concentration using the formula
(UV2750mp X dilution factor — UVa7samt— f X UVaosnmr 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 UV 175,/ UV 95,y 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 [FLuigest].

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

[0063] IgG eluate concentration/static capacities of labeled and unlabeled

protein A based affinity chromatography resins were determined as follows.
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chr omat ogr aphy resin,
Protein G (PrG and Protein L (PrL),
(a) labeling the protein based chromat ography resin with one or

fl uor escent
parts;

protein fromthe resin and

said protein being selected fromProtein A (PrA),
the nmethod conprising the steps of:
nor e

tags; (b) dividing the | abeled resin into equal first and second
Vesubdn@at dnehit 'cz!ip%htxﬁ@rafso Wh tlicatidd (ﬁb&llﬁth@}e&nﬁt laBelfnglogase the | abel ed

an excess anount of |nnunoglobulln (lg) to

t he second phitesinwith a(fal))rq%ea*sﬁag gﬁﬁlpfslt%'ﬁ@&?éwt%f P higais i thaefe fpF ot ei n

concentratlogﬁ&bgroteln]) fromthe treated resin in the first part in step

(c); and

wher ei n prot

(e) measuring resin Ig eluate concentration ([gf]) and
quorescence(@fﬁnal i n Lahelpgarg|witnbeled P14 ying neimepthemenseishi b

in step (c),

((FLIo) (P BestUSER) Sy gy SR CELEBNER Ertienenty proterr

| eakage fronmdupmdm@iﬁthbe@daﬂhuﬁmﬂwfé%nmﬁBMEQMmp%@nq@é&nﬁﬁghl
| df B P,
sel ect e rog‘él lfB\e%r”\ f‘éfpﬁz@m(s gsg{lrﬁ%ﬁo%meg ﬁ?eth%%i' 5P ase((%f(c ) -

romat ogr aphy

conprising t

pro e|n

protein being

t he net hod

resin with oﬂéZgbcnmrEhmbm@meémemkﬁtagsﬁwrsnﬂombbwaﬁﬂﬁggcma“axmkké amount of

i mmunogl obul

concentrat i o‘lﬁl \f\%% tbotn%%gsléecggﬁégrb&gi‘ é?s‘%ﬂ pg&EPS &reﬂ%‘gerg?“#f@flg ?Ir g%t '?he

resin;

equilibrate the media before the addltlon of 5 ml 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 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 Asgoum using FR; X dilution factor +
Azsonm 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 Frueq to obtain [FLi,s]. Protein A leached from the resin is calculated
using the following formula: {(FLiz)/((FLaigest)/[PTA]))}/[1gG].

[0065] 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.
[0066] 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
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(c ) renoving residual Ig fromthe resin followed by treating the resin with
suitable neans to rel ease the | abeled protein fromthe resin; and (d)

measuring fluorescence (FLd,g"t) and protein concentration ([protein]) from
the treated resin; wherein protein | eakage is quantified by calculating {(Fl

ig)/ (( FLthgepbi/{ Re&tnﬁiégl},)lﬁl{eksl&]]ems%-iﬁ@téa% BRdoMfare i@ Mnkriesl 2, wherein the
i munogl obulin is an Ig 4. The nmethod of claiml or 2, further conprising

the step of PBHBYFRGCIRRONEHEAANG Y SRR dGBIHEISANEN b dpvied PBPCIEAT i on exchange

chr omat ogr apy,sh@h bORyEXSNANAE pC I OTRL G ADAKs ANk E T RRARAI Fe RXFhaNgE
chromat ogr aphy, v?eak parti'tioni ng chromat ography, hydroxyapatite

chr omat ogr aptay leasit pegpsdingovasiiesatlictsmsnts hetp de findergoodTth eeferee Rody effmentai m 1 or 2,
wherein the {]| [ l.ect: I,Skd of Al exa
Flaor ags, ool oG ebsd il BEAE AL LR bl ALAURERITITH A9 © M 218
met hod of cl mbrathangputihe expaginkpgtagpin mang egwidleitd e tresppgficeniprdinets dheni cal
treat nent. - The. met ho akLm, 6 rel . 1.C nt conprises
use of an actl%% ln-o(rg &ggglgg?lggc?ﬂefﬁlé ?r%%hﬁglg{(]%ﬁ%:%g?ﬁ%f%@r%ﬂf e\?\lk%nﬁea?%]a{gﬁe sui tabl e
means conpri tefolenmpadime. treatnent. 9. The nethod of claim$S. wherein the

enTymaL [ o LrERLIEN  COMBLL SRRiAAR MR Ol AP s iRERRLEIHIRALY PST N
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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10. The method of claim1l or 2, wherein the protein based chromatography resin
is selected fromthe group consisting of ProSep A high capacity, ProSep A
Utra, ProSep Utra Plus, Mbsel ect, Mabsel ect Xtra, Mabsel ect Sure, Sepharose
Protein A Sanyphiisdafitigi n A and Protein Sepharose Fast Flo \N. 11. The

met hod of claim I or 2Z, wherein the fluorescence is neasured using a
fluoronmeter. 12. The nethod of clai mdy omg. Wherein the Ig s eluted using a
suitable pH 13. The nmethod of claim™T or 2, wherein the Ig is nonocl onal.

14. The methoq of sG}ahdR fbor QlandryinFdiGh Teakdle fhth 4 FroRf deséPitfthity 21
chromatography resin, said protein being selected from Protein A (PrA), Protein G
(PrG) and Protein L (PrL), the method comprising the steps of:

(a) labeling the protein 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 protein from
the resin and adding an excess amount of immunoglobulin (Ig) to the second part;
(d) measuring fluorescence (FLgigest) and protein concentration ([protein])
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 (FLi,) from the second part in step (c),
wherein protein leakage is quantified by calculating {(FLi,)/((FLgigest)/[protein]))}/[Ig].

2. A method for quantifying protein leakage from a protein based affinity
chromatography resin, said protein being selected from Protein A (PrA), Protein G
(PrG) and Protein L (PrL), the method comprising the steps of:

(a) labeling the protein 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
(FLyg) from the resin;

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

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

wherein protein leakage is quantified by calculating {(FLig)/(( FLgigest)/[protein])}/[Ig].

3. The method of claim 1 or 2, wherein the immunoglobulin is an IgG.
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4. The method of claim 1 or 2. further comprising the step of removing the leached
protein using one or more of cation exchange chromatography, anion exchange
chromatography and hydrophobic exchange chromatography, weak partitioning

chromatography, hydroxyapatite chromatography, or any combinations thereof.

5. The method of claim 1 or 2, wherein the fluorescent tag is selected from the
group consisting of Alexa Fluor 488, Dylight 488, HilLyte Fluor 488, 5-FAM, SE and
6-FAM. SE.

6. The method of claim 1 or 2, wherein the suitable means comprises chemical

treatment.

7. The method of claim 6. wherein the chemical treatment comprises use of an acid

or base.

8. The method of claim 1 or 2. wherein the suitable means comprises enzymatic

treatment.

9. The method of claim 8, wherein the enzymatic treatment comprises the use of

trypsin, pepsin,chymotrypsin, thermolysin and subtlelysin.

10. The method of claim 1 or 2, wherein the protein 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 or 2, wherein the fluorescence is measured using a

fluorometer.

12.  The method of claim 1 or 2, wherein the Ig is eluted using a suitable pH.

13.  The method of claim 1 or 2, wherein the Ig is monoclonal.

14.  The method of claim 1 or 2, wherein the Ig is polyclonal.
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