WD 2011/ 159878PCT/ US2011/ 040669 1 COVPARI SON OF PROTEI N SAMPLES RELATED
APPLI CATI ONS [ 00001] This application clains the benefit of priority of U S.
Provi si onstb 24pipisbgzat i on Ser. No. 61/355, 269, filed Juneprt®/Us2@1040k9 ch i s

i ncorporated herein by reference in its entirety. BACKGROUND OF THE

| NVENTI ON [ 00002] The present invention relates to an anal ytical nmethod of
conparing two or nore protEOMRARIS@N QEPROTBEIN S&AMPLESqui d Chr omat ogr aphy
- Mass Spectroscopy (LCG-MS) with a Stable |sotope - Tagged Reference
Standard (SITRS). [00003] Peptide mapping with nmass spectroscopy (M)

detection is used in protein anpkyre$ APpraeAtidgti on of the primary
sequences. Known anal ytical nethods primarily qualitatively confirmthe

gr ezg?cet ﬁfe[mr?péht eahp@ppllcb?@n C@Mﬁ\beﬁﬁlﬁdﬂ@mmfﬁf{e?my n opgt i
S , [ [ i i
aanp e, t he ARRTRBEBrgSe- S5 2B0 B Bulkcl gD wafE R AEp Pk B BBt er

havi ng a knmeﬁmlﬂqt@@hgktysequence wherein at | east one amno acid in the

first protein is replaced with an isotopically |abeled amno acid; (ii)
providing a sanple of a second, unlabeled protein conprising an unl abel ed

am no acid correspondi n tot I&Q% riant in the first
g h rs‘}‘fkd}ﬁgt[“ﬁ%band'h%ﬁﬁe seé\gﬁlw

protein; (iii) mxmgtheflr sanpl e sanple to forma

m xture; (iy)0082bj eThe pgesérténvenkbul FeattOtopinainglyricsling@Bbéd offcontpatiap mvaof i r st
di gest; (v) subjecting the first digest to bottomup Liquid Chromatography
- Mass Specmoé%E@Eﬁ}n ﬁ%m Bt MiBe Potiosp- uEéé@%lﬁighF%fft%‘@%‘/ oMaS&nSP%ﬁOéCOdwum et

or singlet r ﬁlq{‘sée of an

i sotopically abe ‘&?gﬁpept F%ies‘s#op aﬂ%ﬁgélﬁ{%%%énggs{apgargrgg or respondi ng

unl abel ed P(a(pﬂﬂ()ﬂ]e fPept;dﬁheamcgmdh msrptl:aec;umztoltmdwswagdtmm 1pesdd in Imbte:iat |t ng
presence o Wi a.nu ion, nodificatign, . In certain
enmbodi ment sagaﬁ{‘)utéc %{%@rmﬂ??rh%t?hﬁBﬁBWysﬁ’gu?rﬁﬁs slgg‘bw%fma(lg%a ﬁﬁ&?i ng the
rel ative inbgpslily (?fahgaftw&l@%oﬁﬁﬁﬁ%éﬂ}e%h@e goubkatd p&pides.er m ne the relative

anount of each pép wherein a 1:1 ak ratio I ndicates substanti al
identity of the first and second peptldes and wherein a differential in

peak intensity reflects the r‘?ﬁrﬂ d| stinct peptide. In
anot her enbodi nent, the net hwgﬁﬂ)]ég ﬁ\ﬁ’ﬁgl“ﬁ step of quantifying
WO 2011/ 159800004/ USZQdeMsgé&G@Q ik ehtién Ardebled ah{éﬁldahﬁr&h&a&tleﬁmd%atl nct
peptide based in a relative reduction in peak intensit I n anot

enbodi ment , PN sEPISdthe aratiask conemifsings (ihgraving ¢ spmple of ¢ifiryt Pseibineledvingy t he
di gest to t%%y&%gﬁﬁ §c?§§e EIESC%OQJ%II%IICRI Q% &I Jen a[%blbgggl?qﬁ]ﬂl%% Ete%h peptide

represent ed A S ngl e spec ra. I'n "anot her aspect, the

present i nvedpliced with aa 1l§f&bﬂ)‘l@ﬂlyOIbbﬂetahmIr®tacltE lGy) stetidiigl ax@mple of a second,
unlabeled protein comprising an unlabeled amino acid corresponding to the isotopically
labeled variant in the first protein; (iii) mixing the first sample and the second sample to
form a mixture; (iv) subjecting the mixture to protein digestion to form a first digest; (v)
subjecting the first digest to bottom-up Liquid Chromatography — Mass Spectroscopy to
form a first spectra including one or more doublet or singlet peaks, each doublet peak
indicating the presence of an isotopically labeled peptide from the first sample and a
corresponding unlabeled peptide from the second sample and each singlet peak
indicating presence of peptide with a mutation, modification, or impurity. In certain
embodiments, the method further comprises the step of (vi) comparing the relative
intensities of the peaks in the doublet to determine the relative amount of each peptide,
wherein a 1:1 peak ratio indicates substantial identity of the first and second peptides

and wherein a differential in peak intensity reflects the presence of a chemically distinct

peptide. In another embodiment, the method further comprising the step of quantifying



t he presence of nutations, nodifications or inpurities in a protein sanple.
The nmethod all ows conparing two or nore protein sanples to each ot her by
conpar i ngveaoch/se87el e to a Stabl e | sot ope- Tagged Ref er erce/tSt@anmareds ( SI TRS)
protein. The method includes providing a sanple of a first protein wherein
at least one amno acid in the first protein (SITRS), having a known am no
aci d sequende,amamnt efpthachemishli hdanindt poptdje tmatd in d rlaglhe cedantioroingenkl;

provi ding a.sanpl e of an un] ahel ed protein_.including.an_ un] abel ed am no
PEva cor s b gnagofrec PhaB e g b Birdar SGSEg R o R0 v st
protein, m Xin&tilehd dii?éstt tPlRE&h RN R8P 8Pl EchiRs l’bqueatapdard to
forma m xturé, subjeclfing the mxture to digestion and the subsequent

anal ysi s by pbmideaapragentaddyi dsiGHeiareak ogthaphsctra. Mass Spect roscopy to

det er mi ne a.spectra includes a doublet. indicati . r nce of
Chat parti oHUOOST,.ouT BETd Babf iGR e SRR s TR G o iRy B B RAAR:
observed, thgprésentd\@ Butdbdks, FRVifEati6RSdraMPutiGesdin RERGehesamp®s Ul'fd M&hbd om
one of the follow ng possibilities: (1) the peptide does not contain the

| abel ed ani ABOEEEUNPAIR tWROT Hryse Pipeie sATRIENE cackraticr by a@npHIng€3yh saeple
pepti de contaij g i i won; . (-4) t.]
corresponds EC?%) g%ﬁﬁi Igrr%h?% ![r g?geéi rgc}: %%:%%‘ise%r}%l?({a(r:% @[@Pﬁ?gﬁt‘%% y&? ﬁ’egﬁg ﬁfé ng%es
present in pheidingh eamplsafiplfiest pfheinSiitgéie aprakone amitdid bethafiadt pzaeinby

M5/ M5 to reveal the sequence of the peptide and to determ ne which of the
four possi biPiRSedavingaoziirring peidseaicarg.  ISreRierse i Ahiseeicalislsbeled t he
present inveption.:y. I i I . ng Wl ence of
it at 1 ons. of sty PufigRE Amle FARTnI S KRinIRARLTE B QPabF RO

provi di ng aasdrpirespofidiagfio thetisqpomtaiynaedtdiRBno ah@hvinnige frsk povain,anixing thei d
sequence, erein at | east %)ngeﬁ]am' no acidd jn the first praotein js r.eBI aced
with an i sotGPiPEAFIR e diseindabeladi Rigte it afdrtB\fPl’d”il AGANUES PRIECEE BRMH Shel ed
protein sanpl ggbdiohdl g s%BsééﬂilEﬁ_Q%hl%’is%?’!b@&oﬁ%ﬂi@@fd@t%_@&@f@g%hw MBS
isotopically labeled amno acid in the first protein, mxing the first

prot ei n and Spésrogedpatie deidrmingtvdiethes awpdogratinclfidas mdepubiek indicating thsj pseseneey t he

m xture to digestion.and t.he. subsequent .ana {s by bottgmu iquid

G onat ogr aghy et PRRU GRS RS UGN AR Rl Rt R B! FeiBarh et et udes
a doubl et i Eiﬂ'g%\%’e'hlﬂﬁla kerrpypeae e e peftideN@tulpag flomudrofpigplolld®ign bot h the
SITRS and the WO 2011 159878PCT/U%2011/Q40669 3 unl abel ed grotein‘sanples,
and to conpapwitiliges; fl) éhspaptide degs nopgogaizithe faheled amipnasidst(2) the gertideni ne t he
rel ative ab : o . ticul ' ' iR Addjtd ona
nl abel od pé Stas & BulicBh @FE A RERN £l BoEARAREL bR e
conpari ng t pejithie coan®pobtidi8Sinantpubiod yndidodane cohsid aabioy scid a¢ygiehdeepreenninar i ng
the results anong. each unl abel ed protein sanple. [00007] These and ot her

aspects of HEPPRIERIPS TR singkereahtieidhebbe szé@ms By sMeal fon revi ew

of the spec isé&:l%ﬁéei A OYediid0 964 RAN i FhiflY Kbl %(;sgibhﬂfcs ed aﬁﬁle%:fe

DESCRI PTI ON THE DRAWNGS [ 00008] Figure 1 is a schematic diagramof a

SITRS exper pmsaiit. i n accordance with the present invention. [00009] Figure 2

is a repres jve mass spectrum of MAb-1 peptide geperated hy tryptic
digest | n ¢ RORBLS oAtEngpe Roaecl e MR Bk b i Bt Sh H4RLTIEY 1 t he
present i nvaskiRRing HOPRIAce o ek fioRs bEmBBiR%SRGH 8ProteiA HRPR. SRRGhéRod O a
SITRS experinment in which wt mAb-1 was conpared to mAb-1 that was spi ked

Wi t h nut ant incdndze psovidieg asampyle 268 first payteind SITRID), hivang f sngweg@pto d4ord bot h wt
and mutant gebis. SROW .0, RECOL JaRGe;Mh L. £ RE, RIESRNL L BuapL gp- [ 000011]
Figure 4 is al fapr & of nonol sol%oplc peak Nt RSt I es f oF ?38( -1273) from
Figure 3 inisatspdallangrled dnfinb beidpresiive 4 vl boih uflQMAIRDtel Gipge 5 15 an
extracted ion nass spectra for the SITRS experinent in which w mAb-1 was
conpar ed t oinehsling amgglakeded ayping agid\gormspendmgtto ths i>xgopicalhelapglediapinpgicid 47)

peptide that_ i i fied | . ! 0. jth the
P esent i v inrE SR ot Boriing 1S, Ml Bl e TR plo AR R R

i nt ensi ti es nfioturd1G{HARMZ2 4R mixtorn tbidestdorbandrithaadseqlancaalysistbyt hugtopr-es ent

i tion. [000014] Fi 7 1 t ted i ) t f the SITRS
expor i moni 1AL GTPHR OB WS Separ R FoceHABINE ST e Cph Rt e
mitant to 2Q9iLheaiEMiAlRE RS 3Af baRiERhi AS kB! bdh s MRY £IGAL TN the
mut ant mAb, and absent froﬁmhe SI TRS sanpl e I's shown) 1 n accordance with
the present invention.



[ 000015] Figure 8 is an LC chromat ogram denonstrating anti body desalting
utilizing the size exclusion chromatography - high performance |iquid

chr omat ogwephy/(58&E€ - HPLC) in accordance with the preseatr/usementicon. WO
2011/ 159878PCT/ US2011/ 040669 4 [00010BFigure 9 is a conparison of nass
spectra of a peptide from (A) pure unlabeled MAb-1 and (B) MAb-1

cont am nat ednlab¢lbd ﬂlﬂ%in/@dmﬂcs 3hd REcomareitheadtensitiés @abdipéalts &n the Honllti o pri or

to tryptic digest nal S|S|na rdanc with the present enti.on.
[0001>1/fFi gug%tgrf@mte eafﬁ%fl&%ﬁ ‘H’éiﬁ’il??tsl é’aSPaFF@l gapapade frb‘?acg Pb‘ﬁfﬁll é&ﬁﬂefl%}d. ed
in the quanhhltaﬁélb@ﬁm@ém@a s darSE RIS a?é?ine{rﬁéﬂﬂ‘@t:l?gth\é% bk PRi% tbthe

accordance with the presen |nvent| on. [0001Z] Figure is a conparison of
SV from I\/AbsaknepéﬁfRSjamb@éy awé@cn‘lbmhelumdﬂmmqmmaungnlmmyulzgl&qnglela@ ver sus
Chi nese Hamst & Oﬁ{ |n accordance with the present invention.

[ 00013] Fi gng ‘321 Br e”é? “bar graph for the SITRS experinent in which w

MAb-1 was cooged7pd treed®ddd biied aiped@sof S ik ¢&htivh tWillHetuabérsioad 2Rdbéddme
accordance with the present invention. [00014] Figure 13 is a SITRS bar

graph for tRRPASHTTRBORIQYENY pethe spesifigation bythasabavingaxliewyplaitldd theormb- 1 t hat
was spiked wth nutant to 2.5%in accordance with the present invention.
[00015]Figure 14 is a plot of the amounts of peptides HC(218-247),

HC(344-359) and HC(288- 30BRIER DHSECRIPTEON-GPTREDRAWINGY rel ative to that
of the wl déQj}/ antl bod\l/ as neasured by the SITRS anal ysis of various
nut ant - spi k igrgildgas e%%ﬁ%%ﬁﬂ%@xw@?@htwﬁw@ﬁ@%wt

[ 00016] Fi guge, 1o § ohRS bar graph for the conparison of batches of
MAb- 1 sanpl es p[])frsg ulcrzlg?ﬁ’by two different cell lines using two different

processes ({(M06Pbdutieghre Bngam@r%ﬂﬁauaﬂmakﬁpegmd vt ¥0AK-Fipgptide dehBajedi bry

accordance with the present inve
tryptic cthgest ri)n the presence o 1ts SCPBRS counterpart in accordance with the present

invention.

[000010] Figure 3 is an extracted ion mass spectra for a SITRS experiment in which
wt mAb-1 was compared to mAb-1 that was spiked with mutant to 20% (the wt HC(255-
273) peptide that is present in both wt and mutant mAb is shown) in accordance with the
present invention.

[000011] Figure 4 is a table of monoisotopic peak intensities for HC(255-273) from
Figure 3 in accordance with the present invention.

[000012] Figure S is an extracted ion mass spectra for the SITRS experiment in which
wt mAb-1 was compared to mAb-1 that was spiked with mutant to 20% (the wt HC(218-
247) peptide that is modified in the mutant mAb is shown) in accordance with the
present invention.

[000013] Figure 6 is a table of monoisotopic peak intensities for HC(218-247) from
Figure 5 in accordance with the present invention.

[000014] Figure 7 is an extracted ion mass spectra for the SITRS experiment in which
wt mAb-1 was compared to mAb-1 that was spiked with mutant to 20% (the mutated
HC(218-247) peptide that is only present in the mutant mAb, and absent from the SITRS
sample is shown) in accordance with the present invention.

[000015] Figure 8 is an LC chromatogram demonstrating antibody desalting utilizing
the size exclusion chromatography — high performance liquid chromatography (SEC —

HPLC) in accordance with the present invention.



[ 00017]Figure 16 is table of stable isotope-tagged reference standard
(SITRS) results presented in Figure 15B with conventional anal yses in

accor dancwowntihispsre present invention. Sel ected resultsPofi/ushe 18406RS
analysis (n = 6) of mAb-1 from batch 2 (CHO produced) and batch 3

(HEK- produced) are conpared to the results obtained by conventional nethods
(n = 3). [00WMD3PFi glignreé P is 8 camBhridRS df arasgsm@ptra bHa pefieledompek) moa of mAb- 1

e oL ERED R e S G TSP B st e e
[ 00019] Fi guignlBch i £1:PhddiRp o @yBROAoREt ahf ‘ﬁnﬁgﬁpﬁf 4301l VTP ANt

conjugate to unnodified MAb-1 in accordance with the present invention.
DETAI LED DESGrRhMAN.ON OF THE PREFERRED EMBCDI MENTS [ 00020] Ref erence now wi | |

e e 11 S e APPSRl SRR R S e

expl anat i onq@dntidtRoni oTUEVIAbONsanipM cdritdthinaled ®AtOf0% MeAbNVigREdoRdanct Rvithaké . 1t
will be apparent to those skilled in the art that various nodifications and

vari ati ons eseiényeatieni n the present invention wthout departing fromthe

scope or Spigd f I i i eat.ur il t
descri bed a@dp‘)’t%?f oﬁ@r{gqgﬁ%%g?@r%an sgfég?}gf)/g%l}{siZ‘%A%ﬁa%ﬁ%?%edrehg%%éﬁn%%%o
yield a sti EmbrywiihKidren208 cetiynersus @kt Hauster Qvaiscel ot e tiahbatvith e
present invention cover such nodifications and variations as conme within

the scope oP™SfHH IAYsHEARed cl ai ms and their equival ents. Other objects,
features an ct g t i i i.sclk LR:Qr.are
fbﬂtﬂgﬁ]e r@fre 13% PSPEE b Og'e]‘é( ks I Bfe ﬁTRFE@x?&%ﬁé@c% Whi@f wé

obvi ous fromthe fol['ow ng detail ed ption. s to be understood by
one of ordi nekbyl staisicbmparet hemsyt-1 thaatvas bgkql egk mutdit sc2@%Biinacdosdamce with

description _of exenplary enbodi ments only, and is not intended as limting
the broader TEPEEREINEENBe present invention. [00022] As used herein, the

term "protejguo19] " FRuREBLI QS‘I‘TR@Bzﬁrr%a 1OfoR tHROTY RBlexPérichbhtGh wHRIHEv@M no
acids, e.g., 50, 100, 200, 300, 400, 0 or nore am no acids. Exenplary
prot ei ns of nmAleliwes epmpaied itomplAbd e thapivab spiked with matting g 2 H&ciordsterdance with
prot ei ns, bit ot her apeut itc proteins, nonoclonal antibodi es and ot her

anti bodi es, }}%ﬁrFSSB Yt ][fél' conj ugat es or ot her bioconjugates, inaging

anti bodi es, [60835PN Flgiir@ilﬂﬁ‘!sapbtRE@'aﬁioﬂﬂtsM?é}ﬁidéS HAO0928hAsICused33var €i n,
the term "nonocl onal anti body” refers to a class of antibody proteins that

bind to a spedHG(E8%30Qdn theghwenf wikedrinfibedy) relative frothgpeiche weldsype
(antigenic ﬁﬁtﬁl@dy as measured by the SITRS analysis of various mutant-spiked mAb-1 samples

in accordance with the present invention.

[00016]  Figure 15 is a SITRS bar graph for the comparison of batches of MAb-1
samples produced by two different cell lines using two different processes (CHO-
produced (Figure 15A) and HEK-produced (Figure 15B)) in accordance with the present
invention.

[00017]  Figure 16 is table of stable isotope-tagged reference standard (SITRS)
results presented in Figure 15B with conventional analyses in accordance with the
present invention. Selected results of the SITRS analysis (n = 6) of mAb-1 from batch 2
(CHO-produced) and batch 3 (HEK-produced) are compared to the results obtained by
conventional methods (n = 3).

[00018]  Figure 17 is a SITRS bar graph for the comparison of mAb-1 samples
mildly stressed in two different formulation buffers in accordance with the present

invention.



[ 00024] The neasurenents achi eved by the present invention take into account
not only the masses of peptides generated during proteolytic digest, but

al so t he wbundarseszsof each resulting peptide. Measuri ngprofi/usb@1ameaglance of
peptides by M5 is enabled by utilizing a SITRS sanple that is mxed with an
unl abel ed protein prior to protein digest. As used herein, the term"SITRS
sanpl e" or [WOTRS sFinaand8'is aBBFRS harpgrqﬂeﬁont}(ea:oglp,anmn A TPAdYAbaf known
sequence, |abeled with a.st | sot opi bel ed variant of at |east
ona am o aePHUEHe LRSI ARAT bEo s oh YGRS PN 8905 1/ 040660 6
[00025] I n one aspect, therefore, the pr esent invention is a nethod of

conparing two sanples of proteins (e.g., antibodies) to qualitatively
and/ or quantitat |DETF9xILE@rHES®RHTIﬁ®éIr@R(TéEE PEEEERBED@M&OWMENTS

conduct ed. bIPED] | 7 RAEriicEPed LR BB P B SR Re LR s o

(e.g., unlabgé &dm@fétdxaﬁ@lé)s oP fvh@dh atr@semf@ﬂtmbaodl gRsh bmmﬁa@h pebvilV&d by way
[00026] I nt roduction of stabl e i sotopically-|abeled variant as an internal
standard m of g@d@@tl%pf ﬁl@ul@wnaﬁm r@utllrmta@@%og the mvsanp elnHaefditivid band Ms
detect i on t ity Yo ALLERENAHANN LAUR ari b 3RS A% B RO! MiBhs YRTHeAbIRNS
mtigated in accor danc the presen |nven fon 1nc t

protein di géstheisseitdnvamtion Witbuaddpaftmgtfonte scopsamplrit dofi ddinl drgioandbor
variations in the jonization effici ehﬁijl during M5 detection. By utilizing

the present RS deteigs HIysaptader dessti a%@r%ﬂ&ﬁﬁ@@@l%ﬂf fAyRested PNt o t he
SI TRS sanpl g, th%gﬁo%h HeRRE i%fdo gtgu fdrfREr &ﬁ@&ﬁ%%net hod i ncludes preparing a
e

| abel ed protein (the SI TRS & and m xing the | abeled protein with an
unl abel ed pi@02ih sdhpd,etis Tﬂtendefﬂxlmﬂ tieaprpdent mynttdmenvblesushlln}o&lmt’u@don&)and

bottomup LC-MS to quali ta and/.qr tivel determ | evel
ot et one. - aptions af t G Sehin B YegbE ok e AP est GTaiiab p LB srpt aleRigy Rlher

anal ysi s mayppleoehardsad agpecg%tf%{er@rafenpﬁl%nmoars@ls%s@ln% Rfesi@R cel |
line, inefficiencies in a growmh nedia, inefficiencies in cell culture

condi t i ons, fiomethe ifelicayiog detailed despuipticn disitohe phdarsiesd bBDIanP @huénpaac%kﬂbfn a
formul ati on buf 0002 1+ n _one .exe Ly e odi ab ant.i body
o Tormed 1 AR Baf PReqar 2y Rom & AR ige SPPRTEY P i mli o
cell linel chsommtéﬁ&draewhtmmie%Ma@eleis@ectaaf 1he<péasemt5nmn>ﬁad with a SITRS
sanple, and then the m xed san&l e is subjected to protein digestion and
bott om up LEIRO2RE,  wrsivsed baiginpde ey prefede e r PRIvRePHAR  1eErs torepdxiper ofnkbht al

growt h medi @# 0 t o,

ant i bodi es. %f @%BJZ fﬂggglgilssétq h%(zirlge ever séezll(-)’haffsoeop({r i ghhﬁ%r %c}sm%?]ﬂg@ araw d
Chr omat ogr aphyeiaRb¥ thPliGentanihctudensithdua bieli@dom e adne bﬁﬂelpgpt | des have
nearly identjcal retentiaon tinmes and, therefore i grate togeth Wi | e

not resol vaBlodhasIPerHs Brpstiny maneslonglaatibadiet angd %{hﬁ%ﬁb%éﬁ apit tqu%s are
di stinguis h@!?ﬂ ﬁ%ﬁé/s (!Y%tl%tbﬁfébhﬁgateé"1§1|aglhggn%gcﬁ&r ﬁﬂfo%g)rbﬂamlg%li lgt@@)

equi valent to t e nunber of el edr dues in’the particular peptide.
Accor di ngl yprosien the SITRS sanple is mixed with an unl abel ed antibody or

th tei bl et dic Ldiff JDa.w th
mse spect  1002RE R fed HeriBos Mubureinchreksn et Apiseon Sber pevdon of
the | abel e‘dﬁﬁﬁélfi@thﬁﬁblﬂ§ td Dt Reciiteasel Rolce@RRhR geANS otneﬁ}é #SaRCc@n@dentche

peptide with the same am no acid sequence in both the SITRS sanple and the
unl abel ed asité)body. A SI TRS sarrpl e in which the only difference fromits

o e, SR8l e TR e e
only the masses of peptides generated durmg proteolytic digest, but also the abundance
of each resulting peptide. Measuring of the abundance of peptides by MS is enabled by
utilizing a SITRS sample that is mixed with an unlabeled protein prior to protein digest.
As used herein, the term "SITRS sample" or “SITRS standard” means a protein (e.g., an

antibody) of known sequence, labeled with a stable isotopically labeled variant of at

least one amino acid present in the protein.



[ 00030] The SI TRS sanpl e may be prepared using nethods known in the art in
whi ch heavy am no acids are used in place of standard am no acids. For
exanpl e, wbeniiprsessari ng a protein that includes argi ni n@Can$201191#0569

resi dues, the growmh nedia may include arginine and |ysine residues
conposed of six 13C atons instead of the naturally abundant 12C atons

(Ar gi ni ne- 6UMW@SLysHmen&ﬁqm@ﬁ@&@ﬂhﬁdhwpﬁ&@ﬂMﬂpﬁHh@b&hﬁdmvaofannmnkmowm in
the art are conte ated as usefu n ace or d th t he esent

e nt | o B AP En<ER Ao b e Bals P2 ARl BER el ect i on
of the heaVlefe%Hc@P%ué}ﬁ&erh@Qu&?sr hﬁ‘)ﬁiffcaﬁbﬁs orqﬁtBﬁﬁﬁlesCIH tlﬁé"@arr&ﬂé&t eiya bei ng
formed and the protein digestion that will be conducted on the protein in
preparatlonH&@ﬂH@ﬁEMMMEkﬁﬂﬂﬂmdmnﬂiFbuﬂbuangéTR&h@npbh@X@iWﬁbmnub@bdgd

produced i ncl ude ni_ne si.ne will be hected to trypsin
R ooty hErdoR e £ hRhIS Ao a0 el el P S o T Oy e
the prot el n[d0e26p pmﬂme@bﬂmstatﬂelsaaarpwanwa@tdddvaalaﬂt Wahnlin®mab ithh®ed ed to
endoprotelnase AspN di gestion, a heavy aspartic acid may be desirabl e. Wen

the prot ei nnhégaes wwistor arl artifictrfsam sangplathandlingnd M8 detegion thaemaypifectt ed
t o endopr ot i | e.
when tho. or SRS 1raBeRSRbGRngR ARIN HiERE: fy REbR Y RE gRTRELRP
aspartic ac nrﬁbenuasmarutie extast af protampHgdstion,doimationl of aitifectadde wi damplxe

subj ected to enterokjnase digestion, a heavy aspartic acid and/ or heavy

| ysine may Badegiapdisr éarlzxtweﬁlrt the 1?5}1%%18Pﬁfftfé‘?f}‘féj dyriBa YR EetPHonu U tH 2 n
of i sol euci and
w11 be” suby S ednBbd, eh falne BT RhL K ng kg B G B T
aci d, asparsamplaci d, glycine, and/or arginine may be desirable. Wen the

rotein bei duced i ncludes a chai n, of. i ni ne - i ni ne and
Pl e oo TEoBaE B o el 58 ofve i ndntbing et bt e ing b et il P e
Wien the proyERS sHehIBPardr AR e'laﬂ)%ie!dqﬁ&eﬁ‘i WikiShd Ghideled pvteds taeplb] Tkage and

wi |l be subjected to genease gestion, a heavy histidine and/or tyrosine
may be desi makddesamphemay ﬁen;he@tl@ﬁﬁe@eq b@tom opl€edS tncquahlteeveln aadr"pno acid

havi ng an aro ain_a ) ected to ch

G gesti on, - AOHERY <Rt SUR pleiihl oS, SRR ER TR R ARG
desirable. \A\hteneltadnem@;net Thi aB&lyAQ nfy atheaRdisbd &) dBﬂﬁﬁn@e pastichgic@pan | | be
subjected to Lys-C or Lys-N digestion, a heavy WO

2011/ 159878 PErLErorll/lmeogelicsncissime ereayth ipeedige s1ef igiprciesin 6l EWETDY ot ei n
bei ng produ I

i goat | on. - STRUGOE: HERRIACIES i) BORRE ARG Neky oPRGRURLEREPEhRA] g

pr oduced |nbhﬂdes an arginine and wi Il be subjected to endoproteinase ArgC
di gesti on, gﬁgﬁgvy arginine may be desirable. The invention is not intended

to be limt I paft PR Fxsmplary eombpdigrany unkpbeled anibadydn fumsd imas t i cul ar
methods of p bﬁéﬁﬁﬁéﬁtﬂ' h'n%u?-&%r%@&eﬂ%gtaﬁtckfé’ rhé/ntél%laﬁ '11%9/c16i\l?:' @Ot SuRtRY
met hods can vari ed depending on the prote 32] The present

i nventi on maylabeled hmﬁrbodn ¢ moedavigr oS EIRS pumplé, |acndtthemrthe; teyed sempteeis n

urification neth t he rt are at ed a usef ul
Becor dance JHDTERE 5P ECUREC TR R PORPraE Liny ML ULT Mbde DX <P selsine
purificati OWhéih%pth%Xpé}ﬁn&Qﬂ S Ban&Iih 0&11 ife/B6RE i%'a@céikaﬂﬁ@fdr@%cﬁ@ﬁ'@n bih sone

enbodi nents, it nmay be desirable to conduct a protein purification step
prior to nlﬁﬁW@d@heb@hmwles I n other enbodinents, it may be deS|rabIe to

conduct a p purifi i on,ste fter
protein di géﬁ(ﬁbﬂ 6‘66‘3% dﬁrdg%%renbode rreHmhb arr{Pe lgudibé;h O§ratp

denature, F@MHLHPL(B)%h@ﬂtloﬁé Kade&tdentinalammegqla |h@vepﬂidaﬂ|§/ 1<ﬂdht1@zﬁ1QEt%htnon
di gestion. The denaturation, reduction and al kyl ati on steps nay

conduct ed b{imeserbABeIRioERMIEtS together  Wirde neixappyable tshelrdeﬁ@etﬁpaw tBé st ep
may be cond i d: @@;f tion
(SPE), on- I#%%Egﬁﬁ?hgyLP?%Héﬁmgaggﬁg%oghghﬂﬂé% $S§§§(%agg i ehﬁéiﬁﬁgion
Chr omat ogr aphpa}toﬂsli (D) Karidaenmman e nundpgi off lﬁhasledrﬁtsmlgesmhye pSECu1kPhpYidor
Rever se Phase - h Perfornance L| u|d Chro t ogr RP-HPLC). In the
on-1ine SPEAﬁForE@g Y58 e Pk enlﬁymts tapanfa@a%dtaﬂ%bqﬂynrathnro| et
(UV) signal ;pmyn e bR ih@lcgth a&ﬂfetét%e s nglﬂa £ LPGE PR R RGN O
col | ect onI$ the purified pro %eln and any Fe5|dual buf f'er or ot her
contam nants fromthe growth process or sanple treatnment. [00034]Figure 1
provi des a schematic SITRS analysis. Figures 3 and 5 show nmass spectra from
the SITRS analysis for two m xed sanples, including an unl abel ed MAb and
its corresponding SITRS standard (no nodification or nutation). As can be
seen, a SITRS standard and an unl abel ed MAb were mixed in a 1:1 ratio,
subjected to proteln (tryptlc) dlgest and then subjected to botton}up

o o o " o o



[ 00036] Anti body preparations fromdifferent cell |lines may be conpared
utilizing the strategy descri bed above. For exanple, the nethods of the

i nvent i orwoaylinssgapl oyed to qualitatively identify thepprasena@4@h9

mut ati ons and/ or nodifications in an @nl abel ed anti body grown in an
experinmental growth media or produced by an experinental clone/cell line.

I n this enbadiormenitionaf shcaliabid edl aimampicedsiimol thed s AR Satanipda sind dieepresotopi thal | y

| abel ed am no id (the "SITRS standard"). is.m X i th an upl abe

ot body pr SRR By M et doesetn bpivdhe SHRY bl bR SR et nen
be subj ect ednfipdpr Al SITR S8 {HOPhiBA thelRHi§ @ittethct Fom MUl UL &ulieRfart |
whet her the expefinental cell line is acceptable for production of desired
ant i bodi es. (ipEOOB IS initheaprkseneaof the labalsd dimemacidl wdLigrodecealpubkets infwhti¢te

unl abel ed ant i body and .tdhet. SL.TRS tandard differ only in the presence of
the | abel ed R8N B8 A RYRE SRS st andard, then the two sanples will

m grate togeiiego] t hmae§ITR $earfiie A elieaiddyusti Gitbthb@akiovd infthe @Maes in the
mass spectra will appear in the formof doublets indicating the presence of
t he | abel edwhifhisauy paino agidsiee SietRSpBeapbyamlard gowegkids. Frecxiowds.athepeak

i S not obse . I . [ 1 Lde..r I ting
from one of E)%/e%gﬂ?%{;?f(;)\}méﬁgﬁagglscgcﬁ:;?ﬁlﬂg%?&?}f%l%? ﬁ%ﬁ]‘%&%ﬁ P%%I% oeg[1 %ﬁbatrﬁ%gnt ain

t he | abel edimhideargaing and B)sirtehesipeptcoaposanifain'SCatsmdinkieadds ha naudilyt he
peptide contains a,nutation, insertion or deletion; (4) the peptide

cor r esponds *PY9ERE | ARt (Araninedyaid huingdht ai n the ami no aci d sequence
present in ti [ | by
VB VB 0 1 el ot he SenuBanl e ety Mo PE Rl G et Qe B TR Yese
f our possi bid adcbelan¢eswiph sgmesenfingenteon7  Thoer haxangkilé in hhansvitlvecqgnesence of

the nutant peptide, which dpes not have a sister bl et. Accordingly, by
ixi g a woTBb e dlseiRtchs bev 1 eroseyed s vl Lo pu i ek eing

unl abel ed apihRAWMd AR ot &gddidE HAKiMbY eehdRrmal B thOpRkah &l Prefhagst fpn and
bottomup LC-MS, the presence of nutations, nodifications and/or

si t e- speci f L&aMSydetastipf.i Eor erompday wéen ithe prateinubdisbploddcedrinélbdehyargiminebe

identified. Several unla ed s, prepared b ifferent cell lines can
Lhen be comBaPEtvare iSRG oF NS SRS P el ek p R R onh BT o
sel ect the begési@bRNSim{IP)IHnIhapoldiebeiag paluc&f intheed RPEifitiadid, antall

| abel ed SI TRS st andard enabl es quantitation of a protein by nmass

spect r omet r P¢ suhigctebiopadpriateingpe ArpN digeshia. yheayy aspartigragidyaak bodeségpls.

| abeled SIT t i i fo . r ing
uni‘abel ed patde BRn PEB pAGEE AHUE & kiRl B b MERELEREAREN0 | o
t he conpari sadopodteiahde G digessios palval N glukaniclayidanaebd deseraiple 0Vehen thequence.
Several unl abeled proteins can then he conpared to each other utilizing the
strategy de8iFipEaINgHEBIce] BiSHUo} # AR PE2RABEACIdt 21PAEIS AFFen RIPSHIC agH! -

unl abel ed prgfeindi® RraRANAd AL AbEABAL dhterBkinhd %&Eiéﬂ,dﬂﬁﬁv{}%é{ag%gondi ng

to the unl abel ed MAb i's obtai ned. The unl abel ed protein and the

st andar d sheocildnder bedyytlgnnd mhy e dekdmblec Whanttle prdteimbrmg, prechoed thebldowaa 1: 1

doubl et in the , such as that seen in Figure 1. To quantify t resence
of "any. mut aE NGRS 5P RHGA F RUERHE T SRR doefinr drampe il o ©

cor respondi Bghj&tdRS kARGl HodstoM 4Ry WMsbltudie Ul @RE! &34 SApRLi€acidhe m xture
of the correspondi ng SI TRS s%andar d and unl abel ed sanple nmay then be

subj ect ed t @lyginst @idordirgiaie ragycbadsstrate.u B ecthviproriebeing pfodieay ispladesraim may
t hen be analyzed.to.detekm whet her the .intensities of .the doubl et peaks
are the sanSiif BOURHIRIAN T Srat PG BT ey PREE (b idiaB P R and the
SI TRS st andarghiaé faly Bedbiifdle. Whbn ﬂlﬁ@)r@&ﬁ%iﬂg}ﬂo@liceﬂ heclideohopiticald y | abel ed
variants in the SITRS standard, the unlabeled MAb and the SITRS standard
may be m xe&revpelinage agdipjlbbe stbiecdedioeasae didigssiqoa heanydhigifinemddy t o
bottomup LG {.n e LA ERH in a
subst anti al B@?elﬂ-%ggéggésﬂag)ie%%V?%?%Fggcrﬁg&f%lnlggﬁwﬁgg1 osgg%(%lg%%a%ﬁl%n i's
partial |y chaypogedaoinapoisitle chuihant svibibe sulijectsp @cihyhwalypyin mixdstiéored hemiyecul es
(such as deam dation, N-term nal pyroglutanmate or differential .

gl ycosyl at alﬁl}n%%gbaé@r}g W APREG 8ld5 chafs nayRedesiRhlanWnen fifePrpisinhfdng v of
the peak fromiuR& Mehakel §Linghanda ¢ §1ﬁ%}$@t@dﬂ' SLysQEYEL -SJQHE@%E'SQ diRabye

SI TRS standgrd by 1an anouﬁ%nt hat ref?ec ) thg Sundangse of thle ’cherarli §(’:al |y
distinct peptide (Figure 1). [00042] When conparing two unl abel ed protein
sanpl es to each other, for exanple unlabel ed sanple A to unl abel ed sanpl e
B, it mght be necessary to further mnimze




WO 2011/ 159878PCT/ US2011/ 040669 11 variations that nmay arise from pipetting
errors and MS detection. In order to mnimze these variations, the ratios
of the unvehelieddsanpl e A to the SITRS standard rmay be eompme@d/owicth t hose
of the unl abel ed sanple B to the SITR® standard, as shown in Equation 1.
The resultant value is called the SITRS Value (SV). [00043] IABIA ISITRS
-B SV = XClysirtefiayl 15 ddRBable AWHSh TRSprotddh BeihGpiddBced iAcubtes a tpthidmindsgndat i on

1, 1A is the peak .i.ntensi of. the un| abel ed sanple A |srng-A.is the peak
Mtensi Ty ol e SR G CNBE g THoRe i PNl el Whih b 5" o
the peak i ntenshb¥ingfrédiRed McaRe! &dastRRIMH Oy IAENL8 Bred 30 EndophdBinke S the

peak intensity of the SITRS standard m xed with the unlabel ed standard
sanpl e B. Thegzpdigestion, emsityyargmineonayf be desirableadbt et egaompisaopintendedhéo be

unl abel ed st.andard s lee. Bis co rted.to a percenta f the expected
Signal by mirtenes B Ry sotopRaln RSk ol FREi R Red At efer m nad by
obt ai ni ng t BReatiel APgehOfsolopRalP sdbeRt Ratidits hidd @ho8 can be varied depending on
r(l-SITRS-A)/(IWSITRSB)] according to equation 2. Common pepti des between

the two rundefirpleithave sinilar ratios while peptides bearing differences
11 have SURRSETL 108 BP0 R T AU BRI & st
t o the SI TRBratiapdsfridativayméRodsdmpandd td drharkkosemplatéde usefudbedcedrdanse! e B
to the SITRS standard, .as shown in Equation 3: IB SITRS -B -B x100% = |
x100% Al A xwvith the present invention and may be utilized. A protein purification step may be
conducted prior to protein digestion and, in some embodiments, it may be desirable to
conduct a protein purification step prior to mixing the samples. In other embodiments, it
may be desirable to conduct a protein purification step after mixing samples, but prior to
protein digestion.
[00033] In some embodiments, it may be desirable to denature, reduce, and/or
alkylate the mixed sample prior to protein digestion. The denaturation, reduction and
alkylation steps may be conducted by methods known in the art. For example, the
denaturation step may be conducted with the use of dialysis, off-line solid-phase
extraction (SPE), on-line SPE, or liquid chromatography (LC), such as Size Exclusion
Chromatography — High Performance Liquid Chromatography (SEC-HPLC) or Reverse
Phase - High Performance Liquid Chromatography (RP-HPLC). In the on-line SPE or
LC method, flow-rate may be controlled, the ultra-violet (UV) signal may be monitored,
and the fraction collection may be timed to collect only the purified protein and not any
residual buffer or other contaminants from the growth process or sample treatment.
[00034]  Figure 1 provides a schematic SITRS analysis. Figures 3 and 5 show mass
spectra from the SITRS analysis for two mixed samples, including an unlabeled MAb
and its corresponding SITRS standard (no modification or mutation). As can be seen, a
SITRS standard and an unlabeled MAb were mixed in a 1:1 ratio, subjected to protein
(tryptic) digest, and then subjected to bottom-up LC-MS. The resulting mass spectra of
peptides common to both the unlabeled sample and the SITRS standard are unique in
that the mass to charge (m/z) peaks appear as doublets, due to the presence of labeled
amino acids in the SITRS standard. Thus, a peptide that is identical in chemical

composition to its SITRS counterpart and is present in the same amount as its SITRS



ISITRS - A (Eg. 3) In Equation 3, A and B are the relative anbunts of a
peptide in sanple A and the sane peptide in sanple B, respectively. |IA |Is,
i srrRs- AwoadoiigsedRs- B are intensities of mz ion peaks fom/ush@19aw89 pepti de
in samples A, B, SITRS standard m xed9wi th sanple A and SI TRS st andard

m xed wth sanple B, respectively. Constant c is a normalization factor WO
2011/ 159878@6&1&1&5&.’@@11/1 043669 nkAsiththht @eqealne thaf of thpsmaddrtl ¢éinunkeduak) @edi ti on
of SITRS stand sanple A versus sanple B. Specifically, c is a trimmed
mean of B/ AS¥al d%'%ret at exclude outliers outside of the 95% confi dence
interval of ®oAs)yal pestideQwidsSHipuPitioR§PparHESy &&ﬁﬁos&& Bf Féthd ﬁﬁufaﬁtsr@)‘?rsltémder go
post - translatlonal nodi fi cations. Thus, nmultiplication of A/ Isins-A by c
produces a smdiqalleqmnﬁetdanoheulﬁmsu@ ot fardksmpIRSI@nfidationhy- tﬁmjnmh ty of the
pepti des quantl t?45 Thu a.si uantitati on..ex

P Ve oAk i, R e Reo S e R e S op i RS SR OB

sanmpl e A (fef th%@ﬁupfrem tﬁe Welhbeleh i@t & edeedd c6fmphelesa SR HoEydarand ah he
SI TRS standard and the ot her containing the unl abel ed sanple B (for

exanpl e, ana@auptgbetyeldentpibe abendgnessef theyhanigally ¢istinst pREidstas sambeiseen in
[ 00046] The g’%dr%' %0 g@ﬁ@% &?ﬁ%ﬁé ?ﬁr@‘&g&iaﬁ{ uﬁ’l’ﬁ%ﬂkﬁ&@& $rlint e

i nventi on. scope o heréin will be
appar ent t opmperasikh hh&shibjdrtinh éhearnixell sanplean prcd@ﬁ alige@ﬂibroéndtmfﬁtoﬁpﬁ!lﬁ: LCia8t i on
or practice of the invention as disclosed herein. is intended that the

speci fi cat i 815 PrEwHes Hapuiptions: fodificatany awe/or e ékﬁ%fiwalév pdifdedyaolegdabitar v
only, wth Eﬂ&%@{bg&%tpﬁg@le jp% zirﬁtl(ﬁ’lfm e d@ff da%qt%‘]éhﬁ‘t?ehnd' cated by the

clainms which fo anp es 0004 ss ot herw se
i ndi cated, {00936DI | Adwitihgdynpreparhadrs feomal dfffﬁnerplcelthﬂmwaneym compared utnlizinge

resent exanpl es et hods d crlbe rei re.not, however, limted to
Pt hots ot iR isehAf s DHL e ratar PHrelenl oottt Po e v RO SRE PRt or | o1 s

used for ChiR@RSediABlikati¥B MedtEi e fi8lchcdBithanabth MV AEHidFioh N dide:

Lys/ Arg dropout "nedi a, available fromlInvitrogen, Carlsbad, California,;
unlabeled antlbody grown in an experimental growth media or produced by an
experimental clone/cell line. In this embodiment, a standard sample including at least
one isotopically labeled amino acid (the "SITRS standard") is mixed with an unlabeled
antibody produced by an experimental cell line. The mixed sample may then be
subjected to protein digestion and bottom-up LC — MS to determine whether the
experimental cell line is acceptable for production of desired antibodies.
[00037]  Similarly to the embodiment discussed above, if the unlabeled antibody and
the SITRS standard differ only in the presence of the labeled amino acid in the SITRS
standard, then the two samples will migrate together through the MS and the only
significant differences in the mass spectra will appear in the form of doublets indicating
the presence of the labeled amino acids in the SITRS standard.
[00038]  If the doublet peak is not observed, then a single peak may correspond to a
peptide resulting from one of the following possibilities: (1) the peptide does not contain
the labeled amino acid; (2) the peptide contains a modification; (3) the peptide contains
a mutation, insertion or deletion; (4) the peptide corresponds to an impurity and does not
contain the amino acid sequence present in the antibody sample. The single peaks can
then be analyzed by MS/MS to reveal the sequence of the peptide and to determine
which of these four possibilities is present. Figure 7, for example, shows the presence

of the mutant peptide, which does not have a sister doublet. Accordingly, by mixing a



L- Argi ni ne (Arg-6) nonohydrochl oride, avail able from Canbri dge |sotope
Laboratories, Andover, MA, cat# CLM 2265-0.25 (MWN216.62); L-Lysine
(Lys-6) dwbydriosbd7eri de, avail able from Canbri dge | sot opeTiimbanatwr? es cat #
CLM 2247-0.25 (MWNV225.07); WO 2011/ 1®9878PCT/ US2011/ 040669 13 L-Argini ne
nonohydrochl ori de, available from Sigma, MIwaukee, W, cat# A5131-1G (MVN
210. 66) ; anG8ITRS ktysdané withraahynthbelel|antibaly, andwabjeatd getht noredSiagipde torbtsauk ee,

W, cat# L5626-1G 182. 6 |i-Q Water or.equival.ent. .
[ 00049] Mat eg}géf%oﬂ?é‘éthW“FPr ]g{:éYlgﬂ thie BEﬁgFl?ﬁecP E‘F%"qungcfiﬂﬁ ficatignsapd/ar sjten
Sephar ose F@ﬁéciﬁ:daﬁyz\’m@\ﬁ@éd' B6leBult RMhShniheatd Ekﬁﬁfo@y mAHAAIATiBied Ve G4

17-1279-03; " 1IMtris buffered saline (Tris), pH 8.5;" 1X phosphate buffered
sal i ne (PBSpnlap¢ied MADs phepstiredbyadiifigrent Seltlings ceh ithemi igesompRrsidyntifizimg the same

o ot o0 B SPhUTRG AUT ED Ehs RGal 2 oo, O,cat Hro 10

Vari an, Pal ppod39pP, Gfanciig aspdces0Ee hvEMiSH) thelBélb@BITER S Kt@fdahd bhdbRar €,

Billerica, MA cat# 42410.
quantitation of a protein by mass spectrometry, via comparison of the intensity of the
m/z peak of each labeled SITRS standard peptide relative to that of its corresponding
unlabeled peptide of unlabeled sample in each doublet. This in turn allows the
comparison of all peptides spanning nearly an entire protein sequence. Several
unlabeled proteins can then be compared to each other utilizing the strategy described
above.
[00040] In this aspect of the invention, an unlabeled protein is prepared.
Additionally, a SITRS standard corresponding to the unlabeled MAD is obtained. The
unlabeled protein and the SITRS standard should be substantially identical and, if
mixed, should show a 1:1 doublet in the MS, such as that seen in Figure 1. To quantify
the presence of any mutations or modifications in the unlabeled protein, the
corresponding SITRS standard is mixed with an unlabeled sample. The mixture of the
corresponding SITRS standard and unlabeled sample may then be subjected to protein
digest and bottom-up LC-MS. The resulting spectrum may then be analyzed to
determine whether the intensities of the doublet peaks are the same.
[00041]  Additionally, to verify that the unlabeled MAb and the SITRS standard are
identical with the exception of the isotopically labeled variants in the SITRS standard,
the unlabeled MADb and the SITRS standard may be mixed together, subjected to protein
digestion, and subjected to bottom-up LC-MS. The resulting mass spectral pattern
should result in a substantially 1:1 peak as seen in Figure 1. Peptides whose population
is partially composed of point mutants or site-specifically modified molecules (such as
deamidation, N-terminal pyroglutamate or differential glycosylation) however, will have
a mass spectrum where the intensity of the peak from the unlabeled standard sample is
reduced compared to the SITRS standard by an amount that reflects the abundance of
the chemically distinct peptide (Figure 1).
[00042] When comparing two unlabeled protein samples to each other, for example

unlabeled sample A to unlabeled sample B, it might be necessary to further minimize



[ 00050] vaterials used for trypsin digestion in peptide nmapping include:

| odoacetic acid (1AA), available from Sigma; cat #14386-10G

Di t hi ot hrwot2011/1(58378) , avail able from Sigma; cat# D 9163 PCT/SEEIi0N)669
avai l abl e from Wrt hi ngton, Lakewood,1INJ cat #TRSEQZ, 4.61 u/nmgP;, 1M
Tris-HC1, pH 8.0; 1M Tris-HCl, pH 7.5; Guanidine hydrochloride (CGua-HCl),
avai | abl e f vamtcak Hiaoolagnayisddrbingtipatiing éddgrs aad ¥MB3EI&Ton. [Hdday troolvhoei ¢
acid (HC1); JT Baker, Phill.ipsburg, ; cat# 5618-02: d .22 i .tm (CA
Sreri ot e HEgBRsEReAY o Mo aleba STele A Eah e il ek be. a4
430015. [ 00Q&d)aEEFwlRlifo¥t MR E D @mpeB (4 {HelITaRE QRnlAd! &Y EN in
denaturants and other inpurities: Agilent 1200 Quaternary HPLC system
avai | abl e f Egmatiagi 1. ebite rEsdtanovabeg esallhthe SITTR &ValueCAY). WO

2011/159878@@%@ 2011/ 040669 14 Agilent reservoir tray, available from

Agilent; A GL311A quaternary punp, available fromAgilent; Agilent
GL322A degasser (in-line), available fromAgilent;

Gy = Ia Iz XC—E* Isitrs - B

 Ismrs—a Ismes—s Iz Ismms—a (Eq. 1)

In Equation 1, I, is the peak intensity of the unlabeled sample A, Isirrs-a is the peak
intensity of the SITRS standard mixed with the unlabeled sample A, I is the peak
intensity of the unlabeled standard sample B, and Isirrsp is the peak intensity of the
SITRS standard mixed with the unlabeled standard sample B. The peak intensity ratio
of the unlabeled sample A to the unlabeled standard sample B is converted to a
percentage of the expected signal by multiplying by ¢, a constant that is experimentally
determined by obtaining the average of the most similar ratios of [(I1a/Isrrrs-a)/(Is/Isrrs-
)] according to equation 2. Common peptides between the two runs will have similar

ratios while peptides bearing differences will have different ratios.

c=100% / T {(Ia/TIsrrrs-a)/ (I5/IsrTRS-B) } most similar (Eq. 2)

[00044] Alternatively, the ratios of the unlabeled sample A to the SITRS standard
may be compared with those of the unlabeled sample B to the SITRS standard, as shown
in Equation 3:

Is

B 1000 =—Lms=5_1004, (Eq. 3)
A I Xc

Isitrs - a

In Equation 3, A and B are the relative amounts of a peptide in sample A and the same
peptide in sample B, respectively. I, Ig, Isirrs-a and Isirrs-p are intensities of m/z ion
peaks for the same peptide in samples A, B, SITRS standard mixed with sample A and

SITRS standard mixed with sample B, respectively. Constant ¢ is a normalization factor



Agi | ent G1367B Hi P- ALS hi gh performance auto sanpler, available from

Agi lent; Agilent GL316A TCC colum conpartnent with tenp control,

avai | abl ewbrnomvisgs7Bent; Tosoh TSK- Gel SWB000) 0 guard celcums2016/0@ea9 | D x 40
mmL, 7 p.mparticle, avail able fromfosoh, Tokyo, Japan, cat# 08543;

Agi | ent G1364C Anal ytical fraction collector, available from Agilent;

Agi | ent Gl380GBatcenuts daniassibleamefionl afldidon bHRITRA $tewwtaod (o sawmpild Ablesuf r om

Agilent; Agilen 365D MAD (UV-VI S det ectar), avail abl rom Agi | ent; and
Al | ent ' Che (RPEIF By SHIARRLE qu & BRI St St AR P e ST SBHEF o
Agillent. [ 00PIN! GTiialecin@thad OF BASPHILECTBRRI (TGe AR IR Mty VB

detection include: Triflouroacetic acid (TFA); available from JT Baker;
cat# 9470- 00nderfopertdrangiidonabFmodifmandnsaihas fmeltip EpDoCE i/ baks A by at #

FX0440-5; and , Acetonitrile ( ., HPLC-grade,. avail.able . fro neywel |
bur i ok ana PrgeREa b i Eo Rt T R s R o GRS M syt em
used for peqﬁi@gate@,ppi ng by RP-HPLC with MS detection: Agilent reservoir

tray, available fromAgilent; Agilent GL376A capillary binary punp,
avai lable fromAgilent; Agilent GL379B m cro vacuum degasser (in-1line),

suatl o1 EOMCP! | e o S0y R FRM L8 IR SRR ST oipl =
avai |l abl e f paneiAdidestdf one containing unlabeled sample A (for example, a well characterized
reference antibody) and the SITRS standard and the other containing the unlabeled
sample B (for example, an antibody sample in question) plus the SITRS standard.
[00046] The following examples describe exemplary embodiments of the invention.
Other embodiments within the scope of the claims herein will be apparent to one skilled
in the art from consideration of the specification or practice of the invention as disclosed
herein. It is intended that the specification, together with the examples, be considered to
be exemplary only, with the scope and spirit of the invention being indicated by the

claims which follow the examples.

Examples

[00047]  Unless otherwise indicated, the following materials and equipment were
utilized in the present examples. The methods described herein are not, however,
limited to methods utilizing only these materials and/or equipment:
[00048] Materials used for Chinese Hamster Ovary (CHO) cell media and amino
acids include:
e [Lys/Arg dropout media, available from Invitrogen, Carlsbad, California;
e [-Arginine (Arg-6) monohydrochloride, available from Cambridge Isotope
Laboratories, Andover, MA, cat# CLM-2265-0.25 (MW 216.62);
e [-Lysine (Lys-6) dihydrochloride, available from Cambridge Isotope
Laboratories cat# CLM-2247-0.25 (MW 225.07);



Agil ent G1316B TCC SL col umm conpartnment with tenp control, available from
Agi lent; Agilent G8510A - 6510 Q TOF LC/ M5 system avail able from Agilent;
Hi ggi ns Amal29tiised7sProt o 200 C18, 5 pm 250x1.0 nmm cat #CR&S26004(6885,
avai l abl e from Hi ggins Anal ytical, Muigntain View, CA serial# 157337; WO
2011/ 159878PCT/ US2011/ 040669 15 Agilent MassHunter data acquisition system
W t h conput er, e avahigiihenfononyddgihl @ide;, avafigblegrim MhssdiMilvesukbérwtcatii on
Software Qualitative Analysis; Version B.03.00; with Bioconfirm avail able
from Agil ent; and" M dodd¥ 21860 aho3 sof t war e; available fromM crosoft.

Exanpl e 1 [000p4 L%ﬁ&%@ﬂ%ﬁ,ﬂ%&h%ﬁ@% ilaﬁ@k&%ﬁéiﬁ&g?ﬂ@yaﬁgﬁ,% mpoc! onal

anti bodi es ( MAbs re produc I'n a chem cal a that | acked
argi ni ne and | ysiidé2&iiGnOMECi183.65)The nedi a was then suppl enented with

ei ther unl abel ed or | abeled LArginine (Arg) and L-Lysine (Lys) to 3.97 nM
and 5.95 mV r®spEE-RQWpler orp@ivil¢pel ed and | abel ed versions of an

ant i body vveplfqoggpdug%qer gﬁkgd?$rafblg?eﬁlgé%tri@iggt§onkiﬂgﬁ% in the art, then stored

at -80 C un need rotern A purification o abel ed MAb- 1 (SITRS) and
unl abel ed MAb-el: rPro@dinrSepasissaBast PRVG 2} 4iRbt feori GE Heglitraes & duagitosk] Wiv was
used to purify MAb-1 (| abel ed and unl abel ed). The resin was resuspended by
vi gorous shaki ngfrd-1Sdivdi ose (1.65 nL, about 1.2 nlL of resin) was

LA ert et o oy Bl R, g epLyrn L contelned 1o it of 4 o
settle to the botKgmosphe: Bdferdbslinh ePBOPpHEM;and
e Acetic acid;
e  Sodium chloride;
¢ Poly-Prep Chromatography Columns; available from Bio-Rad, Hercules, CA cat
#731-1550;
¢  Vacuum manifold;
e UV-Vis Spectrophotometer, model: Cary 50; available from Varian, Palo Alto,
CA; and
¢ Microcon YM-30, available from Millipore, Billerica, MA cat# 42410.
[00050]  Materials used for trypsin digestion in peptide mapping include:
e Jodoacetic acid (IAA), available from Sigma; cat #14386-10G;
e Dithiothreitol (DTT), available from Sigma; cat# D-9163;
e Trypsin, available from Worthington, Lakewood, NJ cat #TRSEQZ, 4.61 u/mgP;
e 1M Tris-HCI, pH 8.0;
e 1M Tris-HCI, pH 7.5;
® (Guanidine hydrochloride (Gua-HCl), available from Calbiochem, Gibbstown,
NIJ; cat# 369075;
e 5N hydrochloric acid (HCl); JT Baker, Phillipsburg, NJ; cat# 5618-02; and
e 0.22 um (CA) sterile filter disposable unit, available from Corning Life Sciences;
cat# 430015.
[00051] SEC-HPLC system used for gel filtration to remove denaturants and other
impurities:
e Agilent 1200 Quaternary HPLC system, available from Agilent Technologies,
Santa Clara, CA;



the buffer was allowed to flow through, but was stopped just before
reaching the bed of the resin. Protein A Purification [00057] The resin was
equi | i br avecotwyispsrssi ng 20 nL of 1X PBS (about 2 col ummpeoluse®sp4@to a rat e
of -3-5 nL/mn. Sanple (10 nL -10 ny)l4was applied onto the colum at a rate
of - 1 m/mn. 10 ng of |abeled MAb-1 and 10 ng of unl abel ed MAb1 were
processed. [00058|cilbet re@rwintrngaviibete fromsedlew;th 4 x 10 nL (about 2 col um
vol unes) of 1X PBS at a rate - 3-5 ni/mn and the sanple was eluted with 5
nL of 0.1 M ac®t A€ilgRli@l 310 Amwteserty pringhtilrble fropHAgilenthy gravity flow. WO

2011/ 159878PCTJ Ui@‘%ﬁ@ﬁ%%gdeégfgiﬂﬁhlﬁﬁggﬁﬁﬁ% f%(#}llAegil . 00059] The A280 of

el uted MAb-1 was asur ron o e. Specifically, 20

L of protein was Agilkst@BE8 RPOALS th}prrﬁ)@lﬂhﬁde%tdaﬁm&@ avhildbl®fro0 MM Tri s,
pH 8.0 buffer. The extinction coefficient of MAb-1 was 1.43 ni/ng*AU.

[ 00060] El ut ed I\/A@gﬂel@t’é m.) was neutralized with 0.5 nL of 1M Tris, pH 8.5,
whi ch brought th i e and ral se final oncentr tion of
Trisin the samprenty GhOoATCr EaBEY Mt SuRer il iy P SRATRF Epn

concentrated usi pgilantM crocon YM 30 centrifugal filter. Because the

capacity of the filter was 0.5 nL, the concentration was perforned in two
stages. The sahpllesohiByie-Ged S 3G00geguard eolugn; 6.0080 WD puAlasmalt. THONPOTIA -t 0

reduce the vol ””Evélf%g?g‘gorho %ISE[r(;qrzyéﬁx cong ﬁla% .ion). The final sanple

concentrations were ’and 5.63 ng/nL for the
| abel ed MAb-1.e S@gﬂbﬁﬁt}mﬂ@ AR@{tidal ﬁaafbnaioue&@r Gvai®mi-ém N gRAr at i on for

the SITRS experinent: [00062] Sanpl es were prepared according to the
fol | owi ng proceddgdsnt GI330B temp controller for fraction collector, available from Agilent;
o Agilent G1365D MWD (UV-VIS detector), available from Agilent; and
* Agilent Chemstation data acquisition system with computer, available from
Agilent.
[00052]  Materials used for peptide mapping by RP-HPLC with MS detection
include:
e Triflouroacetic acid (TFA); available from JT Baker; cat# 9470-00;
e Formic acid (FA); available from EMD Chemicals; cat# FX0440-5; and
e Acetonitrile (ACN), HPLC-grade, available from Honeywell Burdick and
Jackson, Morris Township, NJ, caté# AHO15-4.
[00053] LC-MS system used for peptide mapping by RP-HPLC with MS detection:
® Agilent reservoir tray, available from Agilent;
e Agilent G1376A capillary binary pump, available from Agilent;
e Agilent G1379B micro vacuum degasser (in-line), available from Agilent;
o Agilent G1377A Micro WPS autosampler, available from Agilent;
e Agilent G1330B FC/ALS Therm autosampler thermostat, available from Agilent;
e Agilent G1316B TCC SL column compartment with temp control, available
from Agilent;
o Agilent G6510A - 6510 Q-TOF LC/MS system, available from Agilent;
e Higgins Analytical Proto 200 C18, 5 um, 250x1.0 mm, cat# RS-2501-D185,
available from Higgins Analytical, Mountain View, CA serial# 157337,



Unl abel ed MAb-1, MAb-2 (doubl e-point nmutant of MAb-1), HEK-derived MAb-1
and | abel ed MAb-1 sanples were diluted with MIli-Qwater to 4 ng/ni.

MAb- 1 (4 wo/2oLay159&¥8 m xed with its doubl e-poi nt nutant PADAR2¢4/0mp6NL) to
yield 20% 10% 5% 2.5% 1.25% and 015625% MAb- 2 nut ant - spi ked sanpl es of
MAb-1. MAb-1 and the nutant-spi ked MAb-1 sanples (25 [t.L of 4 ng/nL) were
m xed with 25 {t Agilefit Masstlunier Hadbat@dsitvbbsylstem MMh-cdmpQidEkvdidatily 8dm 25 [t. L
of 4 ng/m.) was mxed with 25 [t.L of 4 ng/nL | abel ed MAb-1. Denaturation,
reducti on and al K\¥§#% on of sanples [00063] Each SI TRS- spi ked sanple (25
[iL) was added,t [ : LS . Q. The
sanpl es were ?.ncu zzal'? rtlatc]\gl aJsH‘r?ch)tggq @%rr%g{rl%it %ﬁwﬁgﬁufgta#%}&l g@?ls%mg

2011/ 159878PCT/ UBAMB1A0; Mﬂﬂﬁﬁcdrﬁr[rﬂ@@zﬁmblaefmmtﬁig@hnwasd carried out by adding
1 [t.L of IMDITT to each sa foll owed by incubation at 37 C for 30 m n.
[ 00065] The sanbl MlCR%@féEéF%%Q% seftware aayailalje from Micrgsofy. 5M |1 AA, and then

i ncubating at 37 Cfor 30 mn under a foil cover. After the incubation,
excess | AA was inactivated by adding 1.5 [t.L of 1M DIT to each sanmple. Cel
filtration of denatured, reduced and &]kab&tled sanpl es usi ng SEC- HPLC

e T orR o &aobeh oS B B ror e S

particle M) RBRSRodNced th MeHtitaly &lﬂnzd thedia that lacked arginine and lysine
amino acids. The media was then supplemented with either unlabeled or labeled L-
Arginine (Arg) and L-Lysine (Lys) to 3.97 mM and 5.95 mM, respectively. The
unlabeled and labeled versions of an antibody were produced using standard methods

known in the art, then stored at -80 °C until needed.

Protein A purification of labeled MAb-1 (SITRS) and unlabeled MADb-1:

Column Packing

[00055]  rProtein A Sepharose Fast Flow was used to purify MAb-1 (labeled and

unlabeled). The resin was resuspended by vigorous shaking. The Sepharose (1.65 mL,
about 1.2 mL of resin) was transferred into a Bio-Rad Poly Prep column that contained
10 mL of 1X PBS (the bottom of the column was capped).

[00056]  The resin was allowed to settle to the bottom. The cap was then opened and
the buffer was allowed to flow through, but was stopped just before reaching the bed of

the resin.

Protein A Purification

[00057]  The resin was equilibrated by passing 20 mL of 1X PBS (about 2 column

volumes) at a rate of ~3-5 mL/min. Sample (10 mL ~10 mg) was applied onto the
column at a rate of ~ 1 mL/min. 10 mg of labeled MAb-1 and 10 mg of unlabeled MAb-
1 were processed.

[00058] The column was then rinsed with 4 x 10 mL (about 2 column volumes) of
IX PBS at a rate ~ 3-5 mL/min and the sample was eluted with 5 mL of 0.1 M acetic

acid, 0.15M sodium chloride, pH 3.5 by gravity flow.



Gadient: isocratic Flowrate: 0.25 nL/mn, constant Autosanpler and FC
cooler tenp: 4C Colum oven tenp: anbient Wavelength: 280 nm Total run
time: 6 mvoubasisod7ej ection vol: 100 [t.L (about 100 | ugPpPCTRIS2€Ii0®0E69

coll ection: based on tine, collectingl6éone fracti on between 2 and 3 m nutes
at roomtenperature Gel filtrations by SEC-HPLC [00067]100 [t.L of each
sanple were injected, wth washing steps in-between, into the SEC-HPLC. A

typical chromatogramis shown.in Figure 8. 250 [t.L of purified sanple was
recovered by frag@@gifif‘éﬁm ron;, therefore the final concentration was
about 0.4 Wgémiwgssm AGs ot RTuteOVAPhas kRasur@EGHE 168 dluribher thh@luate.
purification. [00068] A col um wash was perfornmed between each sanple run,

by i nj ecti n§padficqlly, 20 pE of peciein vgps slobitetlito 30Q g Mb@udditon of 8T B TPingM pH

was at 04 GEITTR SRR R syt srdivEall BRI et T EE bl ° "' ©
2011/ 15987 8RIIDEVIS20 LI QANEER 1 18l YRS inutikiles Wi, 5 OGO 8'rfst pil 8, 0. 25

mg/ mL trypsin (resuspended in 1 nM HCl) were added to 200 o
which brought the pH into 7-8 range and raised the final concentration of Tris in the

sample to 100 mM.

[00061]  The purified MAb-1 was further concentrated using a Microcon YM-30
centrifugal filter. Because the capacity of the filter was 0.5 mL, the concentration was
performed in two stages. The samples were centrifuged for 10 to 15 minutes at 10,000 g
to reduce the volume to about 0.25 mL (4x concentration). The final sample
concentrations were 6.07 mg/mL for the unlabeled and 5.63 mg/mL for the labeled
MAD-1. Samples were then frozen at -80 °C.

Sample preparation for the SITRS experiment:

[00062] Samples were prepared according to the following procedures:

e Unlabeled MAb-1, MAb-2 (double-point mutant of MAb-1), HEK-derived
MAD-1 and labeled MAb-1 samples were diluted with Milli-Q water to 4
mg/mL.

¢ MADb-1 (4 mg/mL) was mixed with its double-point mutant MAb-2 (4 mg/mL) to
yield 20%, 10%, 5%, 2.5%, 1.25% and 0.625% MAD-2 mutant-spiked samples
of MAb-1.

¢ MAD-1 and the mutant-spiked MAb-1 samples (25 uL of 4 mg/mL) were mixed
with 25 pL of 4 mg/mL labeled MADb-1.

e MAD-1, (HEK-derived, 25 pL of 4 mg/mL) was mixed with 25 uL of 4 mg/mL
labeled MAD-1.

Denaturation, reduction and alkylation of samples

[00063] Each SITRS-spiked sample (25 pL.) was added to 75 uL of 8M Guanidine-

HCI, 0.1M Tris, pH 8.0. The samples were incubated at room temperature for 15

minutes.



[t.L (80 lug) of SEC-HPLC purified sanple (1:40 enzynme to sanple ratio by
Then, the m xture was incubated for 30 mnutes at 37 C. After

i ncubat i owp 20hie1sesFact i on was quenched by addition of 4 [PCTIWUSed11DMGHCL, to
final concentration of 20 M 20 [t.L7(or about 8 |ug) of sanple were

| oaded onto HPLC for MS analysis. LC-MS anal ysis of trypsin-digested

ant i bodi es [(0®64] 0] Redudtiohlvosicagiedendby nddisg pd. ofeltM ID'TAI ® aael earysled f or

wei ght) .

LC-Ms:  Colum: Higgins Anal ytical

x 250 nm

kellovyed sHagubaton af o%, tar A0 ginpgos formic acid in water

Proto 200 C18 RP colum (5 pm 200 A 1

Mobi | e

a

Phase B: 0. Ol FA; 0 ' LGl | extra DI Fl ow r at e:
50 [t.L/m n?&)é)g%]st agp%%ﬁﬁ% g]F@caglﬁg%%?g%gﬁi%ség%ﬂ{'%ga%pppgﬁég%gl er tenp:

4C Col um incabatingrgd 3760 Cor IDindd uden atfoilreovet.2 A ftet the ihduibeldr, @RcesOIAAZ s t . L

(8 lug of

sanpl e) Binar radient program Tine (mn) %B 0 2
inrggtivgted by addir)llg (19.5 uL of IM F]))T"lgto each sample.( ) %

Gel filtration of denatured, reduced and alkylated samples using SEC-HPL.C

[00066] The following conditions and materials were used for SEC-HPLC:

¢ Column: Tosoh TSKgel SW3000x;, guard column, 6.0mm ID x 40 mm L, 7 um

particle
e Mobile Phase A: 10 mM Tris, pH 7.5
¢ QGradient: isocratic
¢ Flow rate: 0.25 mL/min, constant
¢ Autosampler and FC cooler temp: 4°C
¢ Column oven temp: ambient
¢ Wavelength: 280 nm
e Total run time: 6 minutes

¢ Injection vol: 100 uL (about 100 pg)

¢ Fraction collection: based on time, collecting one fraction between 2 and 3

minutes at room temperature

Gel filtrations by SEC-HPLC

[00067] 100 uL of each sample were injected, with washing steps in-between, into

the SEC-HPLC. A typical chromatogram is shown in Figure 8. 250 uL of purified

sample was recovered by fraction collection; therefore the final concentration was about

0.4 mg/mL assuming that no sample loss occurred during the purification.

[00068] A column wash was performed between each sample run, by injecting 100

uL of cleaning solution (6M Gua-HCL in 75SmM Tris, pH 8.0). The column wash

method was the same as above, except the flow rate was at 0.4 mL/min for 6 min and no

fractions were collected.



10 2 90 55 100 98 110 98 112 2 120 2 [00071] The nethod diverted the el uent
into waste for the first four mnutes, and then directed it into the nass
spect r omrewenr2o11Ns9878/ M5 i nf or mati on was col | ect ed duri ngPCmaSeun/o#@69 npr ove
gquantitation of the results. WD 2011¥18159878PCT/ US2011/ 040669 19

Trypsin digestion
[00069] 8 uL of 0.25 mg/mL trypsin (resuspended in 1 mM HCI) were added to 200

uL (80 ng) of SEC-HPLC purified sample (1:40 enzyme to sample ratio by weight).
Then, the mixture was incubated for 30 minutes at 37 °C. After incubation, the reaction
was quenched by addition of 4 uLL of 1M HCI, to a final concentration of 20 mM. 20 puL.
(or about 8 ug) of sample were loaded onto HPLC for MS analysis.

LC-MS analysis of trypsin-digested antibodies

[00070] The following conditions and materials were used for LC-MS:
¢ Column: Higgins Analytical Proto 200 C18 RP column (5 pm, 200 A, 1x250
mm)
e Mobile Phase A: 0.02% TFA, 0.08% formic acid in water
e Mobile Phase B: 0.02 % TFA, 0.08% formic acid in ACN
¢ Qradient: binary
¢ Flow rate: 50 uL/min, constant
¢ Initial conditions: 2% B
® Autosampler cooler temp: 4°C
¢ Column oven temp: 60°C
e Total run time: 120 min
¢ Injection vol: 20 pL (8 ug of sample)

¢ Binary gradient program:

Time (min) % B
0 2
10 2
90 55
100 98
110 98
112 2
120 2

[00071] The method diverted the eluent into waste for the first four minutes, and then
directed it into the mass spectrometer. No MS/MS information was collected during the

run to improve quantitation of the results.



[ 00072] The quantitation of peak intensities in each doublet was perforned
and corresponded to conbi ned sequence of peptides spanning nearly the
entire seyoencelsed’st he anti body. Data was presented in &cfrarspoiof4@ed SI TRS
bar graph" as shown in Figures 10, 1119 12 and 13. [00073] As can be seen
fromthe above exanples, the use of SITRS enables m ning of Ms-generated
data for bof000GRR! i Tat quantaattbngipaik instnisities lIDﬂprhIdeldﬂt wis Hszmirmbdlamhrrpl es.

[ 00074] The above e les utilized t Vi ousl, dISCU sed.gel filtration
by SLC | PPEEGoRgD Soabkt o ibe AaPifoP LR E SRS S Seeber Goen T

Figure 8, thg a%ltlH&gsﬁ M&S wiR Pdsf 88 inM FmaT 2RUITRS S §rapil” & sBUWh ik FbuRBd
| ess-dilute anti body sanple than available in traditional desalting
t echni ques. 10nl1addianddad; the nearly-conplete eI | m nati on of guani dine salt

i gostion ¢ IR7aRa, RoiafBe i6t8 Ml Ao 26 el SRRer NG S el PR i

coul d be i nbfpHIEaRrdMd wt@f@rbgaﬂquaumbabh@quan[u@ﬂﬁz5bﬂi@a@@nldﬂpe@céﬂnons of
MAb-1 onto the SEC - HPLC colum were made to renove the guani di ne and

ot her cont afdMRAt-s. Absorbance at 280 nm was nonitored throughout the run.
Arrows in Fj 8 I . The
ant i body Wa£ Ea I|Eggrag(z%:le&é‘gs%e?%ﬁl%%%ﬂga}ae%% edlgé;]é&%r%erﬁh%glﬁ{‘%%Snant S.

[ 00076] Di gestHRIg" & Wiova deimitiphets ahd ether eimtﬁies ofAAstchebgswniig Fipmra8dthet her
contam nants_in the presence of an equinol ar _anount of the SITRS st andard

resul ted i nelﬁ"ﬁ%fswas“'dE%IPFoée‘bW“BéBFP@IEf‘ss‘ﬂé RER BBt HF] nddernyditigantiiody s¥BPI8oubl et s
of appropri a8 $higd in JPJd?cib?ﬂaf esﬁ/l%g%cﬁn uS WS aditfod Pih€ 3k r§ﬁ§ @Bé‘?t rum of
a peak froma tryptic digest , ed i n an equi no 1o with the
SI TRS st andalighinatinn afighianidone sadt firdve tlm(wﬁqﬂ@}jernﬁaechhaklgofﬁcaﬁgshgﬁ&lﬁng [)MhEH] +2

peak corres ondi peptide 127-142 of oi s from
Petural | v obetih Pk o BLrid o antrued wolbd Rurbne anaras e ptiaie
there is anjafdhtdoOneprorpbe®inci®aton. from the SITRS. The expect ed ratio of
t he peak intensities of -1:SITRS is 1. The experinental ratio

measur enent [00948k bifhmﬁnnﬂbﬁg)rlsi@él\%laﬂ onéd @jlhtsﬁ(b% Hé’m qodyray sgte pedk®, s
chr omat ogr afvpeedns &l i SR aPer @it BTG R o aSeL 6™ AMillond s
consi stent agb@gDubdhk rdi mﬁ@%@emgemsnmme metsthrearﬁittﬁ@slﬁr@ksampu@tl on of
2% W thout being bound by theory, is believed the deviation WO

2011/ 159878paiiyctigpoThe M@eég“zebﬁ%ﬁﬂqﬁewé%@&@egrl@nlfh@e@fld othes | j kel y due
to a systemafi.¢ B@g%or such as pipetting errors in the initial protein
concentratl on. Tl 7] Figure 3 shows anot her typical nass spectrumof a
peak from a[000yp] i c Diggasg a MADABahplaafce cerdevahof Bgghamidiae andbiher W t h t he
SITRS standard. In addition to the expect ed mz of 1070.5085 [ Mt2H] 2+

the pepti deC@HENIREtsIR ERIGFnem el 3 cayinRl2ahyneie 8t B5id T Bééﬁ@ed?rﬁdﬁ%ulted '

nat ur al | y- ogeu {iepga dB5pHaR AHaRich9iPEBY fles ptQEd H&%l&@bfi‘%ﬁk pegkhde

there is an addi'tional” set of peaks fromth«g SITRS (nz 1073 5184 [NHZH]
2+ pl us nonoitesitgpiFigure Aksbots omyme! nraas i;gpenmmmfralpmgk ﬂr@fﬁra:tmmtmd]gersgof

pepti des). xpected rati.o of the n5|t| ITRSis 1
CP sl s T Bifseddn 20 Fay Bofs riniviE ot RSCTBR: IR efiHon Bl col ar
pepti de has Q&erUB)pead BEIBPARI MR A+ @éak@oﬂ@s?y@ﬁdhﬁg%fmptﬂéthm%Frfm ng
the peak heights of all relevant peaks, is i gure . The sane ratio
was obt ai ne8.arug mnmplp@p@ksdeonﬂe@@wymmm manae peppilkeier Ngb- 1.
Thi s nunber I’ISI st ent acros ] r|t tiges exa mned
ovever . wni R P oS 5555000 SHahphit iR DG PESs e SR

rel ative abunidaifGee pﬁakpﬁteksmefst&r}%buesnm k@s %@@kﬁ@nﬁ@tilh@tl@ﬂﬂe@éﬁ@érﬁ&t
peptide in the 20% nut ant - spi ked -1 was decreased relative to th

| abel ed pepfiagded ﬁﬁumﬁ@l&@ﬁ@e%@wﬁéef plhreleyanigpenies 1%9§ﬂahagéll<3(‘llaf1@1ﬂ19@h5) The
apparent changfiol 11 BEAK ot BRSIobY o IndnlaSoRRER- AL Al Aha ge&){@saﬂt ed
in Figure 6. he experi nent fat 7o measur ement sunm n eak
hei ghts of &al823ke). emarﬂ“hlpeahbenWastdtbesmehtchctqspellm@eptadqsleearﬁﬂl%lwmant) is
1.11, while th me nmeasurenent for the 20% nutant-spi ked MAb-1 is 0. 87.
Thi s decr eas@nid (REAHEN 1% Wlﬂ}oeﬁé?lfl%ﬁewndﬁhvet BV ath & Redicpeepinp deviation
HC(218-247) fromthe 20% nut ant - spi ked MAb-1 is consistent with this
peptide being nodified in the nutant of MAb-1 (MAb-2 sanple). [00078]In
addition to quantitative data obtained fromthe SITRS experinment descri bed
above, qualitative information about the sanple can al so be obtai ned.
Figure 7 shows a set of nonoi sotopic peaks wi thout a doublet. This peak
corresponds to a peptide HC(218-247) from MAb-2 (doubl e-point mutant of
MAb-1) that is not present in a wld-type MAb-1.



Example 2 [00079] The presence of mz peaks fromthe SITRS standard enabl es
the quantitation of differences in abundance of a given peptide. This
exanpl e depaniigiseggrantitati on of the | evel of contam nat ipom/uskoia/oswmapl e of
MAb-1 by an anti body ot her than MAb-130 e.g., WO

2011/ 159878PCT/ US2011/ 040669 21 MAb-2 anti body that has an am no acid
sequence t h&bndthe sxpastedfratid yf it lddelit thee to @agyatnmetiofachdilsadh as[ HRABAG ¢mors e
experinment, a .sanple of MAb-1 was spiked with MAb-2 to a final

concent r at i J5 1B¥12N BOICBBRRRAFRION 1006 MAD- 2) . Thi's experiment was int ended

to sinul at e[guap| es Fiﬁl&%_%ﬁ@@v%ﬁbtﬂ&&ﬁi@ﬂ rﬁ‘aﬂs’%ﬁ@&mﬁf ofearbe%ﬁtﬁio!?@gﬁ btﬁkat bear s
point mutations, a plausible scenario that nay arise by acci den%, or through

nat ur al bi oldiggstcdIM pbde guxasisindo ewignaamatiawiththadl TRSestanglabd. ginl addionmdd ogous,

nost pepti des gener at ed r i i t are co tween the.t

At bodtes. T Rene T wochal PBS HaPhos P PRef AR5 2T BF sl &Ry suen
peptides wendnsRbepiastakOfromtnatiallylbefugridy BCaohRmihopeptries foMihCimighdder by
1 or nore am no acids and were expected to have an SV of 90% Figure

shows two nmieRfidspdieteria an pddifionmd selid peakmnftam the YBSi (H¥z offHE 3131844 ?W um
is f th | I ' DAt - dded
o L gHBLRREL S AT S AL o DL ATRLL DAy By a0ded)

cont am nat edxsatgdl reti€ ofthaipaaknig tehite VMOMA bl :SEPR Svist h(idahfpfes(Werguiice®B). The
observed SV for this nutatjon-bearing peptide is approximtely 93.3% More

broadly, peprtiod®s noHaedifiration;of et pfichat Ieride MboacubRe)- MAls-oxPhamentah
average SV oltiotddduiich® nida b?%ﬁﬁr‘iﬁgn%ﬁ%?egfﬁeigﬂg of BiE AEPREPER VY U Of

approxi mately 100% (Fi gure 10 screpanty was unaccounte but ,
wi t hout bei fiigboadhd Ty stine oatyg wasgbtiiecdkiopltia saed fdeptide HOX2S55-27 Y iip20%i ng or

concentration. Thus, | TRS met hod was successfully used identify

ol it at FBRIPHKDMLST ed PRy MG Fal CORSLOURER S W Qg b, Peohaes

[ 00081] Fi guegardibe@nHoaRrewherShpiiad @lcan f8-007 2y a3l ckERiRUREY 2 HESH5. 151 18
material derived from CHO and from 293 cell |ines. 293-derived material has

20% | ess agadlatcteodbyndaned ofpsakantonsiti¢sNG2F)ongdIngso shyd wtlitwted peptideinibad9%chai n

t han MAb-1 f . t h the two b | so.differ in th t
o0 Form S ST RBk G b g% S e pRs Py e 2
N-term nal pyuesdelih s B RSt aftat DIFigiie®)] Tiesappamht dhnpbasseaRosteddigabions

were readil i;ﬁgppar ent in the SITRS experinent by their dramatic differences
in SV (col uktsbasnaranityied andpresentesd indiigpre GTha eaparimentguptih@eawranensept i des

L e’ Conb 8L SOOI 1 AR e Ol YRR et 1o
aver age st an@amghtsteyiiat il onwihitr the sae ifehederpantfodas 205 rutdft-(pileging- f isom

0.22 to 6. 310%. WO 2011/.159878PCT/ US2011/ 040669 22 Table 1. A corrFari son
of modi fi cali®nshis desieiseiiiheggladyermesnyity sfihednkitalsr deptenddS IReddhtem

Charact eri sijes09) EB%n%ﬁi@Q&il\ﬁ@TQ@é&sﬂ%h%h this peptide being modified in the
mutant of MAb-1 (MADb-2 sample).
[00078] In addition to quantitative data obtained from the SITRS experiment
described above, qualitative information about the sample can also be obtained. Figure
7 shows a set of monoisotopic peaks without a doublet. This peak corresponds to a
peptide HC(218-247) from MAb-2 (double-point mutant of MAb-1) that is not present
in a wild-type MAb-1.

Example 2
[00079]  The presence of m/z peaks from the SITRS standard enables the quantitation

of differences in abundance of a given peptide. This example details quantitation of the

level of contamination of a sample of MAb-1 by an antibody other than MAb-1, e.g.,



(YNGA2FcHo) / (9NGA2F293) 1.554 61.67/39.35 = 1.567 (%yrogl utamatecHo) /
(%yrogl ut amat e293) 0.917 81.33/95.59 = 0.851 (%C-termnal |lysine)cHo /
(%C-t er mwal2011yshg78) 293 10.9 13.86/1.54 = 9.00 [00082] AsTamroibo4®eEN,

t herefore, a novel nethod was devi sedlusi ng a stabl e i sotope-tagged protein
as an internal reference standard to quantitate differences anongst batches
of a given piAb-Eiantibddyi thetrhmsianaoipoiad sa@pewnde thytsionen@ fathyl matahi the seepubndent o
MAb- 1 was aCF'Meve by producing MAb-1 in a cell culture using |lysine- and
ar gi ni ne- def ht- cheni cal | y-defined nmedi a suppl enented with the | abel ed

am no aci dsoodsePMPH Ok pRfimiit, #R&hEH MAPAD- 1VMsfbpikfea withAAbSE aNnpand

counterpart by nmass spectronetry denonstrated that the data generated by
t hi s nmet hodcorreswrginstfdity (Wi MAD-$ tralidaMiAltdyi Blis oxpesfmedsvagpidridedtd on of
the method to -1 produced by a HEK 293 cell li.ne , correctly.identj.fied
the pept | deSUAF SinPa PHER DY s Sl bR Gk PRAE Ro] B ReiirRibhions
N-term nal pylQgbls @R thithey Misealy deyidbmes thohgh NEARFbiofseda processes
Furthernore, the nmethod was success?,ully used to identify the peptides

bearing 1 adiee Bengaeiifingr Beige hiahd weanolgpensy mepcpeppgesigeasrated| baiteyptist
appr oxi mat el 09 0083] |. I : e of
VRb- 1 vas. SitieRd e TR PEeR o PaRr ol SRR e Sa ST 5)
Speci fi cal | yalue®V et B0PQNSik8atldpsptidas peetsedetctiCor 2uB- 2léje and fewe ot her in
HC (344-349). The nutant was added to a final concentration ranging.from

20% (90% MABOYCWer 20t At A ©OY NS -0Te Ryt #1990 wero SRS ESh IRIRBYA1AN DYOut ant
MAD- 1, “Fi 9“@@%.1?9i%u1%' Qéhrot@v% ﬁk%n?agﬁ %;\J/egtrtﬁ Er%% &Qastucﬂe&htaglggpegpa&hmé frsgommon to

both wild type and mnutan e expected va approxi mat el y
100% The t wpectrutarfropethtiuvdkbdeledurtitididy sempeadt(ed cohmemachg dppb-Gxvavatided) 80%

(F e 12) o 90 (vt o) CucRpentL de 1 (OE 200,00, an b

it WO 2011tdm87%RRILAMPRALIDARE 08% M Ab-2 mixed with STTRS (Figure 9B). The
observed SV for this mutation-bearing peptide is approximately 93.3%. More broadly,
peptides that are different between MAb-1 and MADb-2 have an average SV of 93%,
while the common peptides had the expected value of approximately 100% (Figure 10).
The discrepancy was unaccounted for but, without being bound by theory, may be
explained by errors in pipetting or concentration. Thus, the SITRS method was
successfully used to identify point mutations in molecules at a level of 10% of total
protein.
[00081]  Figure 11 and Table 1 show data from a SITRS experiment using material
derived from CHO and from 293 cell lines. 293-derived material has 20% less
agalactosylated glycoform (NGAZ2F) glycosylation in the heavy chain than MAb-1 from
CHO. Furthermore, the two batches also differ in the amount of C-terminal lysine on
the heavy chain, as well as the amount of N-terminal pyroglutamate formation. Peptides
bearing these modifications were readily apparent in the SITRS experiment by their
dramatic differences in SV (columns marked with an asterisk in Figure 11).
Furthermore, peptides that were predicted to show no difference in levels of abundance
(that is, all the common peptides) were similar in their SITRS ratios, with an average

standard deviation for unmodified peptides of 1.4% (ranging from 0.22 to 6.31%).



was known that the glycopeptides and the C-term nal peptide in the two
sanples differed in their oligosaccharide conposition and Cterm nal |ysine
content, wepacispszel y. Figure 14 shows the percent diffecenseoiinddeevel s of
wild type peptides HC(218-247), HC(342- 349) and HC( GOE- 288-300) for
various anmounts of nutant MAb-1 spiked into wild-type MAb as neasured by

SI TRS. The fhablkod Aeepmmds;)nqurmmmgatlbns tdaetifadobynS I TS vudwastangadseethodsnd has
a method deteetientHmt—of 24% Exanpte 410060841 FoFurther test the
ability of [the SITRS nethod to|discrimnate between sanples, al change in
manuf act ur | REeaRE0¢ ehsrapRsHd MUl 31 Aes Meﬂpcrdoduc iSpghdhiievEmBal in @ HEK cel |
line. The BILTRS analysis of theé CHO and HEK{derived mAb is shown in

Fi gures 15A(GNGAGguce 15B, respedtdi vel y. Thréé.6i&dtides.Somed) atel y stand

out fromtlf W i First, HC(1-39), which bears an N-term pal
pyrogl ut ana % dtfe, is nore|abundant in the HEK sanple by 7, 1%

Consi st ent Y%b?ro%ﬂtaﬁnit@%” "%’639‘1?9) bearing gq@3y95t5y1rbrggh uncycli zed

glutam ne residué is nore abundant by 74%in|the CHO derived mAb. The
second Ssi te(%py@ghﬂ@nzﬁ%j)atl onlis in the Cterninal heavy chainh peptide

HC( 439- 446 A—S—Y e mrrpr—di-fHferenees—i+ P yL; € rocessi ng of
Lys446, a (S%tﬁmb]ﬂ? }’§IP§)ﬁgq> b SRR event in Wé/l 5Iz'he ird sjgnificant

di fference|igci@rhing lyghatj,ve abundance of various gl ycopepti des. [00085] To
verify thes ' s were deglycosylated with PNGase F and
the ol i gosacchari des were quantitated by HPLC after |abeling wt h

2- am nobenz id., The. di ffe es in o sacchari de. cont ent

deter mined BUOBAE SPHRa hesiiBatoRTORs® Broy RETRE gLt & ebfimar i zed i n
Figure 16. Notpelthededpesteinrhs h Guteall@fdréncad sedamarth §@ihtRite UifeerbReel s of
N-term nal gl ut am ne conversion and C-termnal |ysine renoval between the
SITRS and | amengs palshamtareaygspstein sUniéerar ik orearabgn ebhisiei o asgininged
intensities k L n with

B ocont | rm Lo MErd DRl A U bERUITh NP IR B LR PR BRI R

or t hogonal agﬁﬂiﬁelaeﬂa@ér&ehé@&anmbﬂnyemédla slmﬂém@uécawity tHeOabdddime Adtacids.

peptides. [Q0086]In contrast, two batches of the mAb that were produced by
the same maAUTRBIAESPThE WHARELISMAR- mehé'é|S|IER§«éhed%rH6wter@aﬁéw\%%S§ similar
(Figure 15A fd.er

N-t er m nal : %ngﬁétrgﬁa%?ggsl@ﬁ%gé%ﬁt gﬁﬁa §9@§6{é im PJaEHoHT}& %E afl Fhvae

di fference suandH@(i devdatelbyf 2Mas A@phcyat@n@‘f/dhdﬂnéthk@td: Me\b- l/\ﬂoduced by a HEK 293
2011/ 159878P {U82011/104 663@%@1 bat c oduc in HEK ce %Cﬂﬁ

CHO- deri ved® L euregily deog ed’(?PrB Prén%g BOGFInor Sp?ftf’f1 %aﬂoa resul t
that is supp@htRN-BYmed §PRBaNALE dAC (RhRAd] Iy shiks, FNABALF Fevel OGRBHETGe S| TRS
nmet hod was al so successfu |V used to assess the effect of stress on an

anti body. Athsonghed vensusteysplyi uted tadidentif dhef paptides rabingtl anedo igd 6 nont hs

or 12 nonth t 4C. 1| fer uf ened to re | only m nor
di ffer encesa %Sh’e&hegmmtga%%\géb%ﬁtdﬁ?vel f%lpprﬂfelg]élﬁlhﬁ?%%, t hese m nor
differences could be quantitated. For exanple, there was a 6.2% increase in

t he amount of pyroglutamate in HC(1-39 for the 12 nonth sanple. This
result correlated with the | oss of H ontaining N-termnal Gn to

26.8% of th th sjf}g;é| gpIMt 0 sed by
4. 7% Thi s dg(gorogg e {%égn a ?%u a bt %a(%l{hlﬁcr e%begwég%nﬁ%pw?tmﬁutgﬁwﬁgﬁ

deami dat ed pernallndg Wpsin mu@fleﬁ(MAabbmﬂﬁdMﬁ’caﬂp drieemdtztioitsides AinprpeddC231%
The partiall ested pepti de 2) (Figure 17) was ohserved in the 12

nmont h sanpl 1&2‘%1@/35}‘3@&1?%#“ Ialﬁjuﬁ%gé‘lﬁélg) ol MitiaE Winaddst &t iy | n the 6

mont h sanpl a e A

HC( 60- 65) , ke ngﬂ-r&%n%ﬂ%gg %c?{ %@%@ \glx‘éﬁpll P o%g‘g %ﬁle% RS ?rg)t %d was
al so used t 098% MAloil, Decuanptidabr o Figued3). rrErgusesoIZ amhl3 shoot datpapsidedr ugs

or imaging agents to the ot ei. For exanmpl Fi gure_ 18 sho ata. froma
S TRS. exper PHGHATT HOMACBA PR Lt WPE eHERARThGIA trh o e GERRE P IoAT. TP

was conj ugabgshokiendiel$ i DGz %e%a%&imtpegxﬁe@%mexlbé&tdawama e there are
92 possible reaction sites in the he SI TRS experi ment however,

reveal s t hatapmnklymaaelx B@%S(F@gm‘ptlﬂblels%rﬁér@gdrwft)h (‘alwmylder HEJGOF88r 8% t ent
of > 20% t istin hed b fact that .th

nei ghbori ng @ﬁgﬁ?g 466)%“6 Sdlf% rent% ereelgféeeswol HIRS Flgﬂ i) iisveeXpeatun aﬁce by
an approxi mately equal armunt as the N—term nal peptide that was nodified.
Thi s phenonenon is due to the fact that a trypsin cleavage site is |ost
upon conjugation with CHX- A"- DTPA




[ 00089] Al references cited in this specification, including wthout
limtation, all papers, publications, patents, patent applications,

pr esent atwonsei1/15e8s8s, reports, nmanuscripts, brochures, POTRS20110I@ENEL
postings, journal articles, and/or pediodicals are hereby incorporated by
reference into this specification in their entireties. The W

2011/ 159878 RGET kS0 fhbt 0o p2Ridds sodigsi(Grerainal heptidefie theneesamelesidiffared

i ntended nerely. ta su ri.ze the . assertions. e.by their authors and no
i o) on | & W ERAr B F e R St Y U S SOt e PR, CEIREE
reserve theqjisghys the pelehd BFgendd R 1&EU5AGYd APE pPHides BRSO €804 7} he(g44-ed
references. [00090] Tﬁese and ot her nodifications and variations to the
present i nvéfd)iad Hafolie2§s- 3D ifeedirioys aoses of motadi Nekly 1 sgiked intgwildetype t |

wi t hout dep ing from t.he iJ it and, scope of .t he.present invention, which
' hore par SEALPEpED B AESRRY | Hredn ST RRRuEh orEAPE T gl E i |

shoul d be upagéRta@dad HafetRIRBRELGoPimithe 2warpi ous enbodi nents may be

i nterchanged in whole or in part. Furthernore, those of ordinary skill in

the art will appreciate that the foregoing description is by way of exanple
only, and is not intended to limt the i nfion so further described in
such appended clains. Therefore, the nd scope of the appended

cl ai n8 shoul[@)0847 b&olfiuthdreskt the dbilay degerSIPRSanethdd fohdscvmigsate bstweent ai ned
therein. WD 2011/159878PCT/ US2011/ 040669 26 What is clainmed is: 1. A method
of char act eP¥2PIRYy 2N ARESHBIPANSEACHITEE RIPRSSHEEhYBNUESFHPY RicARcing the mApjlyina

providing a MRS Phel dTTRE a@ﬁf%i@ioﬁéher@fbngn@HEKQwi\%m AGhgwrigauence,

wherein at [east one amno acid rnt first proteinis replaced with an
i sot opi cal | Figueckel®Al andrFignrad 5B, respectivel§i Threprpeptidis ignedsaipbendbutdrarcond,

ontabel e broL o RSO BR8] WLebeled gne acid corresrondipg Lo the

sanpl e and bhgdarcantk BERNaploby PN, aCdHsistdhk Riith this result, HC(1-39) bearing an
N-terminal uncyclized glutamine residue is more abundant by 74% in the CHO-derived
mAb. The second site of differentiation is in the C-terminal heavy chain peptide
HC(439-446). This was due to minor differences in proteolytic processing of Lys446, a
common post-translational event in mAbs. The third significant difference is in the
relative abundance of various glycopeptides.
[00085]  To verify these differences, the MAbs were deglycosylated with PNGase F
and the oligosaccharides were quantitated by HPLC after labeling with 2-aminobenzoic
acid. The differences in oligosaccharide content as determined by the SITRS method
versus enzymatic digestion are summarized in Figure 16. Also included in Figure 16 is
a comparison of the levels of N-terminal glutamine conversion and C-terminal lysine
removal between the SITRS and label-free MS analyses, as determined by comparison
of the intensities of de-charged and de-isotoped peaks via the MassHunter with
Bioconfirm software package from Agilent. The results of these two orthogonal
methods agree reasonably well, particularly for abundant peptides.
[00086] In contrast, two batches of the mAb that were produced by the same
manufacturing process in CHO cells were shown to be very similar (Figure 15A). Less
than 3% difference was observed in the amount of N-terminal pyroglutamate in peptide

HC(1-39). Similarly, the relative difference in HC(392-445) was only 3.3%. Unlike the



(iv) subjecting the mxture to protein digestion to forma first digest;
(v) subjecting the first digest to bottomup Liquid Chromatography - Mass
Spect r oscwpyotioishsrsm a first spectra i ncluding one or mpce/useumblogiceor

si ngl et peaks, each doubl et peak indi¥®ating the presence of an isotopically
| abel ed peptide fromthe first 1 5sanple and a correspondi ng unl abel ed
pepti de frobutherasiacahi $EKpkks, dredwedCHOsdangbd batpleakaldorstibwad comgppridsence of
peptide with a miutation, nodification, or inpurity, thereby. characterizing
the second SPoPRTHLIFE. HevEMAEEePasted O ligpsechaide R fmpr i si ng ¢ he
step of (vi) conparing the 20relative intensities of the peaks in the
doublet to determne the relative anount of each peptide, wherein a 1:1
peak ratio indicates substantial identixamplefSthe first and second peptides

d wherei Lff ial i k intensit flects th f
chen oal y WP her TRRBT e MR Nyra Rt b oy o3 FRGRE R
conpri sing bhenSh&popd9f Ae@nbdrfsyh BOpdpice @Rl fRim i kerchiertgal 4 shodikstok nct

peptide based in a relative reduction in peak intensity. 4.The nethod of
any one of tA&ghsatdlgnévaiditferent bpffawseenemioi rsyaad onlyanigosdisigreates vi i )
subj ecti ng ' t 0 Q. ] guence
o Eror Dok Reh 883l URRLAEES, SOREHARSCORK B AFBRIIg LAk 58

2011/ 15987 8RGaAitifse) 1R 40MmO R, érdbwddes.aet inodaaf inalyarownt of pilogluparete aus
clainms, wherein substantially all equvaIent amno acids in the first

protein ar eHCééﬁgbfq{é]pq 92 meB sappple. This result correlated with the loss of HC(1-39)
containing N-terminal Gln to 26.8% of that of the 6 month sample. In addition,

HC(370-391) decreased by 4.7% This decrease was attributable to increased
deamidation, as the deamidated peptide was in greater abundance in the 12 month
sample by 231%. The partially digested peptide HC(60-72) (Figure 17) was observed
in the 12 month sample at 911% greater abundance over what was observed in the 6
month sample. This result correlated with a concomitant decrease in HC(60-65),

HC(66-72), and HC(68-72).

Example 6

[00088]  The SITRS method was also used to monitor bioconjugation experiments of
small molecules, drugs or imaging agents to the protein. For example, Figure 18 shows
data from a SITRS experiment in which the metal-chelating imaging agent, CHX-A"-
DTPA, was conjugated to lysine residues of the antibody. In principle, there are 92
possible reaction sites in the mAb. The SITRS experiment however, reveals that only 3
sites (peptides marked with arrows) react to an extent of > 20%. These reaction sites are
distinguished by the fact that the neighboring C-terminal peptide also decreases in its
relative abundance by an approximately equal amount as the N-terminal peptide that was
modified. This phenomenon is due to the fact that a trypsin cleavage site is lost upon
conjugation with CHX-A”-DTPA.

[00089]  All references cited in this specification, including without limitation, all
papers, publications, patents, patent applications, presentations, texts, reports,
manuscripts, brochures, books, internet postings, journal articles, and/or periodicals are

hereby incorporated by reference into this specification in their entireties. The



6. The nmet hod of any one of the previous clains, wherein the isotopically
5l abel ed am no acid conprises at | east one heavy isotope. 7.The nethod of
any one oWotbha/3essi ous cl ai ms, wherein the protein di gesriuseoiangcshe
isotopically |labeled amno acid are s¥lected fromthe group consisting of:
10(a)trypsin digestion and one or nore of heavy arginines, heavy |ysines,
and conbi natlisomsionhd tleofeferences herein i bjtereled oprelly ¢d nasmatatbe dssgesins amdand

heavy gl utam ¢ aci d. (c) enterokinase |ight chain digestion and
the" T sot op: DUy il el Yaddrmition & gl br Gy FrBIRIGHE DB A theavy
asparti c aciadsliciHeavyerld BleNhe AIEREMOXNWLRS 2@ bBEMERTe-of the cited(d)  Fact or

t

Xa digestion and one or nore of heavy isol uecinhes, heavy glutam c acids,
heavy aspar téfereagisds, heavy gl yci nes, heavy argini nes, and conbi nati ons
t her eof ; ( furi,n.digestion and heavy arginine; 20(0genease
i gesti on aRWOBAL othesr by Dy BEDAANSR N EE e B0 Fisal RERTIRERS
conbi nat i onse bhefieRl by BbyaFtoryiRsty skl Gané hi@Nvihsht az;kae@fv frémQR@Sgifit gl NO
acid Lys-C or Lys-N digestion and heavy |ysine; and endoprotei nase ArgC
di gesti on afePPREAE RiPENHINKENt®, Whishriemwepasticdamly e éordt inttheapneadibus
cl aims, f ur Lher. CRMANIRHNG shdlfa B BRIBlBHALS ¥o0ds bPfe\ ARSI ShiRuRheln and
t he unl abel ed proteirn prior to protein diges fon.

may be interchanged in whole or in part. Furthermore, those of ordinary skill in the art

will appreciate that the foregoing description is by way of example only, and is not
intended to limit the invention so further described in such appended claims. Therefore,
the spirit and scope of the appended claims should not be limited to the description of

the versions contained therein.



9. The nmet hod of any one of the previous clains, wherein the proteinis
30sel ected fromthe group consisting of a reconbi nant protein, a

bi ot her apgot2oti/13psI8ei n, an anti body, a nonocl onal anti bedy/uSaniamiccdody
drug-conjugate, an imagi ng anti body, 2 fusion protein, and a pegyl ated
protein. WO 2011/ 159878PCT/ US2011/ 040669 28 10. The net hod of any one of the
previ ous cl &VhH is elagned is:t he protein is an anti body. 11. The net hod of any
one of the previous clainms, wherein the digest 5conprises a popul ation of
pepti des having a conbi ned sequence representing at |east 10% 20% 30%
40% 50% 60% 79% 8Q)ameR0FLPEhARI&ISlg %En%t&ﬁ’gﬁhﬁ%ﬁh@ﬁleﬂ%d@%hﬂ)rﬁﬁguence of
the protein. 12. The nethod of claim 11, erein the conbi ned sequence
conpri ses the 10€onpl etwiding asampledf ¢ digsigmeteinphavinga pnovepminol®idrhe met hod

f f th [ i . furth i Si. ) f:
(1) oY ovk i As EaRrE oA 155 g RGBT aT BB R o T En

unl abel ed 153@{6@119@55&15@(&5@5@@5@ ng to the isotopically |abeled variant in
the first protein; (ii) mxing the first sanple and the third sanple to
form a second mi %ibur eproviding a ¢amplp of alspeond; wyahelrs MeEBhePRTINE W t 0 a

second prot %hlﬂb&%@ gr%}ﬂ-ooaraic{ Qorﬁe%éﬂdﬂlgst%‘%ﬂé‘ﬁo%%ﬁﬁ§ 'labgl%g variant in the first

protein;

10 (i)  mixing the first sample and the second sample to form a mixture;

(iv)  subjecting the mixture to protein digestion to form a first digest;

(v) subjecting the first digest to bottom-up Liquid Chromatography — Mass
Spectroscopy to form a first spectra including one or more doublet or singlet peaks, each
doublet peak indicating the presence of an isotopically labeled peptide from the first

15  sample and a corresponding unlabeled peptide from the second sample and each singlet
peak indicating presence of peptide with a mutation, modification, or impurity,

thereby characterizing the second protein sample.

2. The method of claim 1, further comprising the step of (vi) comparing the
20 relative intensities of the peaks in the doublet to determine the relative amount of each
peptide, wherein a 1:1 peak ratio indicates substantial identity of the first and second
peptides and wherein a differential in peak intensity reflects the presence of a chemically

distinct peptide.

25 3. The method of claim 1 or 2, further comprising the step of quantifying
the amount of the chemically distinct peptide based in a relative reduction in peak

intensity.

4. The method of any one of the previous claims, further comprising the
30  step of (vii) subjecting the digest to tandem mass spectroscopy to determine the

sequence of a peptide represented by a singlet peak in the spectra.



(iv) subjecting the second digest to bottomup Liquid Chromatography - 20
Mass Spectroscopy to forma second spectra including one or nore doubl et or
si ngl et peaksil/v\esR doubl et peak indicating the presencecofusantioswbopi cal |y
| abel ed peptide fromthe first sanpl 7and a correspondi ng unl abel ed pepti de
fromthe third sanpl e and each singlet peak indicating presence of peptide
wi th a nutation, Snodi fThe atetlonl, of @any iongof the previdwsreddims chiaraiatsebstaitaly tiie
third protein.s | e.. 25 .14, The .net hod of claim13, further conprising the
Step of | (v) CRUNHERIA™E Ruds i i % PRAPBALS BrBREl BRESoubl et poaks i n ¢ he
spectra fromthe second digest to determne the relative anount of each
peptide. 3015. The nmethod of claim 13 or 14, further conprising conparison
of the results ob.theThe nethad agpcondf tie gesticnstetniniet whareinghangtodichfer ences

bet ween t he,secqond.and .the third praotein sanples. WO

2011/ 15087 3BETFOSIRT Fod bemerish 4 Baiele Ref RO § any one of ol ai m 13- 15,
wherein said conparison conprises conparing a peak signal ratio of the
spectra fromthe first digest with a correspondi ng peak signal ratio of the
spectra from t he’secon#e deghwskof agy pnapiethaprdvéenssiaimpywigieinghe pieteinr evi ous

| ai ms, wh int £ ; o _ ( _ o
Cesone p o SBROGAGLN S RCRTRLR LA LOORYPASL B SRRl 0,
The met hod of: any one of the previous clains, wherein the first protein

10sample_ is anunconju?ated protein and the second protein sample is a
conj ugat®d proteld. Typsin diggstionnd foe 05 §195¢ OLRRAVY AkEIHRCY Reavy ¥y neuand

clai ms, whegghBinhfishsithéisbr; and

(b) endoproteinase GluC digestion and heavy glutamic acid.

(c) enterokinase light chain digestion and the isotopically labeled variant is
selected from one or more of heavy aspartic acids, heavy lysines, and combinations

15 thereof.

(d) Factor Xa digestion and one or more of heavy isoluecines, heavy
glutamic acids, heavy aspartic acids, heavy glycines, heavy arginines, and combinations
thereof;

(e) furin digestion and heavy arginine;

20 (f) genease I digestion and one or more of heavy histidines, heavy tyrosines,
and combinations thereof;

(2) chymotrypsin digestion and a heavy aromatic amino acid

(h) Lys-C or Lys-N digestion and heavy lysine; and

(1) endoproteinase ArgC digestion and heavy arginine.

25
8. The method of any one of the previous claims, further comprising the

step of purifying the labeled protein and the unlabeled protein prior to protein digestion.

0. The method of any one of the previous claims, wherein the protein is
30  selected from the group consisting of a recombinant protein, a biotherapeutic protein, an
antibody, a monoclonal antibody, an antibody drug-conjugate, an imaging antibody, a

fusion protein, and a pegylated protein.



second protein sanples are produced in different cell lines, different cel
types or different manufacturing processes. 15 20. The nethod of any
one of thwopoavisesrs cl ai ns, wherein the first and secona#Cprust@iinimanpl es
have been stored under different storxd®ge conditions. 21. The nethod of any
one of the previous clains, wherein said nethod is 20enpl oyed to detect a
mut ati on, nodi fi ¢at i ofhemethmourfiahy on¢of the psatandlqmet eharcisalppetein is an  22.
The met hod of claim 21, wherein the nmutation, nodification or inpurity is
sel ected fr8MRY: group consi sting of altered ol i gosacchari de content, a
N-term nal gl utam ne conversion, C-termnal |ysine renoval, altered

pyrogl utamate content, and 25i ncreased deam dati on or oxidation. 23.
The net hod of anﬁloneTbé nteld@dp:f@ui/ QHSOﬁﬂhaile’iOum@im'anhdﬁeinfﬂiler digesind second

sanpl es are substanti al r ot ei [eparations. 24. The net hod
or oy o sR RS Mo Bitata SRR B lect ForEhBES R ARt os "o
phar maceut i g¢ads, CORPIBHL 400S50%, 60%, 70%, 80%, 90% or more of the complete amino acid

sequence of the protein.

12. The method of claim 11, wherein the combined sequence comprises the

10  complete amino acid sequence of the protein.

13. The method of any one of the previous claims, further comprising the
steps of:
(1) providing a sample of a third, unlabeled protein comprising an unlabeled

15 amino acid corresponding to the isotopically labeled variant in the first protein;

(ii) mixing the first sample and the third sample to form a second mixture;

(iii)  subjecting the second mixture to a second protein digestion to form a
second digest; and

(iv)  subjecting the second digest to bottom-up Liquid Chromatography —

20  Mass Spectroscopy to form a second spectra including one or more doublet or singlet
peaks, each doublet peak indicating the presence of an isotopically labeled peptide from
the first sample and a corresponding unlabeled peptide from the third sample and each
singlet peak indicating presence of peptide with a mutation, modification, or impurity,

thereby characterizing the third protein sample.

25
14. The method of claim 13, further comprising the step of (v) comparing the
relative intensities of the doublet peaks in the spectra from the second digest to
determine the relative amount of each peptide.
30 15. The method of claim 13 or 14, further comprising comparison of the

results of the first and second digests to determine any differences between the second

and the third protein samples.



WO 2011/159878 PCT/US2011/040669

10

15

20

25

30

29

16. The method of any one of claim 13-15, wherein said comparison
comprises comparing a peak signal ratio of the spectra from the first digest with a

corresponding peak signal ratio of the spectra from the second digest.

17. The method of any one of the previous claims, wherein the first protein
sample is an innovator biologic and the second protein sample is a biosimilar of the

innovator biologic.

18. The method of any one of the previous claims, wherein the first protein

sample is an unconjugated protein and the second protein sample is a conjugated protein.

19. The method of any one of the previous claims, wherein the first and
second protein samples are produced in different cell lines, different cell types or

different manufacturing processes.

20. The method of any one of the previous claims, wherein the first and

second protein samples have been stored under different storage conditions.

21. The method of any one of the previous claims, wherein said method is

employed to detect a mutation, modification or impurity in the second protein sample.

22. The method of claim 21, wherein the mutation, modification or impurity
is selected from the group consisting of altered oligosaccharide content, a N-terminal
glutamine conversion, C-terminal lysine removal, altered pyroglutamate content, and

increased deamidation or oxidation.

23. The method of any one of the previous claims, wherein the first and

second samples are substantially homogenous protein preparations.

24. The method of any one of the previous claims, wherein the first and

second samples are pharmaceutical compositions.



