Met hod for the determ nation of sequence variants of pol ypeptides Herein is
reported a nethod for the determ nati on of sequence variants of a

pol ypept iwe 20ompri7si ng a tryptic digestion of the polypepTiEke)11a52282

chr omat ogr aphi ¢ separation of the fragnments, high resolution nass
spectronmetry of the separated 5fragnents and determ nati on of sequence

vari ants. Background of the Invention Proteins play an inportant role in
today's nedical portfolio. For human application every therapeutic protein
has to neet distinct criteria. To ensure the safety of biopharnmceuti cal

agents to humans tMgthedfor the determinationgy seqpened wariants afipelypepfidesn 10have to

be within certain limts and by-products accumul ati ng during the production
process haveddroinbs repomvec esfed firl the dmytndmaingeofl scqienemaufiamtatofon of the
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a nucl ei ¢ ackperptiempf die freguents,nggh newlwivangessospertiemd®Brel Mec aenattgbquence,

undesi 5ed PGafontchANHlYetPRAMaifREF {dohaldeARRakfTVE) or aberrant pol ypeptide
vari ants (shortened or elongated forns). To guarantee pol ypeptide

consi stency and to avotj rrors, the influence of biological nmechanisns
(e.g. fidel i@&%ﬂ&&%t Uil ccuracy of transcription and translation)
and techni cal processes (transfection and anplification in cell line 20
devel opnment Reoteimsrphmninainipoetasiomott initods)s mudichlepoptfe e oe hwhars egpirntien

variants have LoRe, 3355850y S8 ATELARMRIAYELI AT ALID SENSLE KF LY to
find and |der]F| fy p(?tenct al “'Seffience variants has to be provi ed. -or
exanpl e, celbiopharreacetred] aygemintio hroees deschazastarsted of the thegpeniceproteti ant s

whi chipgay begemeChit Widln f@ftaifielinils! Bk gﬁgé]%rg)gﬁccts apdumliRRRg CRANEEIhe

respectively. 25 Fernentation under unex shortage of "certain nedia

conponent s iMOYUsHOR BEWEHave i be AW VabRPeeREam processi ng (DSP) may cause
sequence variants or post translational nodification of am no acids,
respecti vel yAnylbRimgkoiheor itelifidagine nefethef arsdguanid eovpokitioh Sandasequendeg

checked to confirm praoduct ho enei t v.and.consi st enc 30Barpes, C A S.,
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t herapeutic . )
aberrant polypeptide variants (shortened or elongated forms).

To guarantee polypeptide consistency and to avoid errors, the influence of
biological mechanisms (e.g. fidelity of replication, accuracy of transcription and
translation) and technical processes (transfection and amplification in cell line
20 development or fermentative conditions) on the presence of sequence variants have
to be assessed. Also a method providing high sensitivity to find and identify

potential sequence variants has to be provided.

For example, cell line development processes can result in sequence variants which
may become critical for cell line switches and clone changes, respectively.
25 Fermentation under unexpected shortage of certain media components in the
feeding media and down stream processing (DSP) may cause sequence variants or
post translational modification of amino acids, respectively. Therefore, the
presence of sequence variants has to be checked to confirm product homogeneity

and consistency.

30 Barnes, C.A.S., et al., Mass. Spectrom. Rev. 26 (2007) 370-388 report applications
of mass spectrometry for the structural characterization of recombinant protein

pharmaceuticals. Mass spectrometry for structural characterization of therapeutic



antibodies is reported by Zhang, Z., et al., in Mass. Spectrom Rev. 28
(2009) 147- 176. Yu, X.C., et al. (Anal. Chem 81 (2009) 9282-9290) report
t he i dentwbi2eatiotdvoof codon-specific serine to asparagi RETHAPIAMASRRBAL | ONS
i n reconbi nant nonocl onal anti bodi es by hi gh-resol uti on mass spectronetry.
The determ nation of protein 5oxidation2by nmass spectronetry and net hod
transfer to quality control is reported by Houde, D., et al., J.

Chromat ogr. 1123 (2006) 189-198. Summary of the Invention Herein is
provi ded a raptibadles wrepdred ot Branpnat ctoal., af Mass. ripeacord. Reqiéngzeoddeirant s,
i.e. nutati n o} tly
therewith 1812I%sgﬂhkr¢é?gha§mgaqsggﬁgn%§%§rg g%%z?caﬂg&% {ehtggg%hﬁggﬁ&fn nor e
detai | her eiaf dodon-spRsificesriae e apriagion midraaslaiionsnig meamibnairorastanehce

nut ati ons Irhnab&cﬁém?qegﬁ -r@8luiea Phbdesp e@%’ﬁéﬂ?' me tdeenhﬁﬂa{lemdirgp@teeps a)
providing a s Ieo roduegro)l) olégetl &, cubatlow%

pol ypeét. de PHIAIAB é’afﬁ?ﬁsé Gty agied tags %wfwﬂfyn@onér tc@ptitshs i onal
anal ysi s usibydHdklel By et sled. Ohasetadtr bizat(0go@a8y-108upl ed wi t h hi gh

resol uti on mass spectroscopy (FT-1CR / FT-orbitrap) and Ms/ M5 anal ysis of
the am no awgmr;ts of the peptides, d) data eval uation by
conparing t - bt ai ned for the sanples side by side with
the data set of a reference sa by searching for differences in the

si gnal i nt erddsreinds p@w@d\ﬁéﬁethedngﬁtth%@pt@mmw&rﬂf apyn@eqd geauceer wiiape,

di fferenti alj SipgRalons Wh tthe @SRE&d %@q&ﬁb@%ﬁ&b@lyﬁ&ﬂi&%”ﬁﬁhr@bﬂﬁ%ﬂe@&@tb The
ref erepce sggﬁpl e for d(?ta eval uati on g $%@Z %(iin be either wel |
char acteri zePOSTUGHYRIA BTAUERHRS V3F1apiy Larg ?rgt Bef-be anal yzed. A first
aspect as reported herein is a nmethod for determining an am no acid
sequence varI'nancbr,e desqmlehérainl iy raporéudi #eedwiddfomdeatinoing amidveaddnsaqueacs d

sequence, - of,, g5, ROIYPEPL, %%Uggﬁa@%%ggéﬁ&eed SRRTSIR" R0l cldni ng

steps: a) prOV| ng At cubatlng
t he sanpl es aéamvm}mghsampkegxfea(s@du@f) ) @nbipgptidegbi meubaﬁl@gblmmjymnﬁtes by a

two di nensi QH@Isa&@Ieamahy@beawe;rbérfd?au@% GRSt A1 Qhakgielsgd phase

chromat ogr aphy 30separation with rnass ronmetry. anal ysis and/ or / VB
anal y$?s, )re‘éf‘éﬁdnph?@e CHEO T4 S 2R st C‘B’d’tl He8 gk ﬁeSSHéloélafﬁﬁﬂSeSPieﬁf%SP‘e@’ c) as

r ef elr ence se(HwLIejRaMEITJéﬂjmai)l aﬁl@ MSMSiaﬁf,yfﬁbﬁth@bhﬁmmaﬁid%qufén&ehﬁa éiﬁsrb
sanples in st a-.sef 0 er r ever
3 P bt er et dhBsnuith. AL ARG b Sl b B ST R R SRS T om) of
t he pol ypeptthelsarapids side bgbydedettietind ditmgetanf aamferrmca(xadlp@dwesnmehmgrfoant of
the p0| ypeptdlﬂgrences 1@@9& g&galalﬁ%%glttleéﬁtngﬁigﬁ etgﬁjtigﬁe{uﬁ'ep aﬁ@ bg e%?ltug@

deternining a sequence of
a pol yPept i dbffer@htaarlé@ﬁn@ls' Wil rme@tdﬁmrmg@ Bgidt $equense mwwtmglsS Thpsefergnee

pr OV: di ng a}]sain gRSTor (MR efv%[ﬂ&h@ﬁ (Qép Hblealpeé Eﬁlf‘dﬁtd a8l cgargbtgﬁ%ﬂaét!llﬂlﬁr% be t
sanpl es eac ea nal yzi ng the incubated sanples by a two
di mensi onal %i‘ﬁtoéqﬁhsﬁ&sp Séoﬁ%‘&fﬁ%@am ng the conbination of reversed phase
chromat ography separation with nmass spectronetry anal ysis and/ or MS/ M5

anal ysi s, d)Adaki nipegt tbhectated- setinoist aimeatodvifoh doteemsanphe ainmnetaem c) as

reference s ta-s n

anpl oo i n Srlstef Vi BR g, A a8 PGP bR R dett MRS BE, cvery
15 di fzferencaawdlmeehd@ reberaptsrizgd lampmrla@g@hes@agwn@estmt ation of the

pol ypeptide and thereby determ ning an am no aci d sequence mnutation of the

pol ypeptide, or ghe fQlil@planRasitt®BSamples of the polypeptide,
b) incubating the samples each with a protease,
¢) analyzing the incubated samples by a two dimensional data analysis
comprising the combination of reversed phase chromatography
30 separation with mass spectrometry analysis and/or MS/MS analysis,
d)  defining the data-set obtained with one sample in step c) as reference
sample and comparing the data-sets obtained with the other samples in

step ¢) with the data-set of the reference sample, whereby every



a)providing at | east one sanple of the pol ypeptide, 20b)incubating the
sanple with a protease, c) analyzing the incubated sanple by a two

di mensi oD 2dati@13nal ysi s conpri si ng the conbi nati on of PCEEPRGI@MHSZRASE

chr omat ogr aphy separation with mass spectronetry anal ysis and/ or M5/ M
anal ysis, d) conparing the data-set obtai-ned with the sanple in step c)
with the 25data-set of a reference sanple determned wwth a nethod as
reported in steps b) and c), whereby every difference determned is an

am no aci d sequence dnffitrandeotetamitdieispol ypmpt doite sapudndchearabiyn detuetionni ng an
am no acid sequence | e i S may
originate from di ffe?}a{%?tp(b:%n@de %%a?%g b@ét%@g%lggent%%%t%g(gss @{%P\Ikegn of a
nucl ei ¢ aci d encodi wgrigHef g Rodespiide, or from stable transfected cell
lines, or fromcell lines of different age, or different fernentation

scal es, or fRidIRi! @sbb@nasr FopBribd dieFcinliid faeﬁl@mbdq@ﬂdile{elr@ﬁﬁn laR amaoemwdl ment
of frongto 10, 000 Ies are rowded i n @?ﬂ??g&# .from 2
to 1,000 sar?ﬁﬂ‘&w%ﬁ&l 6‘v1ind 8”& Q2 Sﬁq‘l‘fi!i‘rc?r‘? ar' GF% D o 348
sanpl es ar e gorvisthgdhe folldwingd ste@ne enbodi ment the nmethod further conprises
a step e)determning the identity and position of the am no acid sequence
variation (nutatjon /, # anal ysis. I n another
enmbodi ment an ad gl tl)p(g&rz%{l a{\/@ %tﬁggﬁﬁg%%gf’gl %ﬁg’&%&gﬁeﬁprl ses the 5

pol ypept i de spi Ked \AﬁlCtUP@aitlm%thSéﬂlvp]éﬁ)?@C@éNW%ﬁméeal%%omn anmi no aci d sequence

variation (mut atc{)on)analwﬁ aﬁgllﬁdu@a@h sﬁﬁa@wseoy 8 tWBCdiH@hﬁQnalad%@d WA @nd
conpared in addition to t provi d ne. enbodi nent t

S.
anal y3¥ng is perforr?BHlpélFmé ﬁi-? nad’lonl @g r?‘??&%”? 8 Phasgn Fhigmafogra erature
of less than 40 C 'Ebmalcﬁmdlhmmemmiua@ mﬂﬁmhndnﬂwg/dmamaml@m d
sequence changes; Iraefxmfnur ata-s 1%d rrei{]\{ anp ela ue 53 ref £ mpH 6.5
to |l ess than pH oa ﬁ%ﬁﬁ NE eratur &’ i's Fp?omZOC
to 40 C. In another sempk@chndmwmpaheg slmr@tfesatsowam@ddedl tlhn othet sargples in

(hydr oxynet hyl ) am fer, \/ L. .dj i a
further enbodi nent ?ﬁ??ﬂ?ﬂ@aﬁgnéﬁ{a o (geﬂggrrp eé&ve\n% aé p%ltergg e |?la

cl eavadge of the pol yiHéyense dpyrrined pﬁdtnea@@lq Acidr sRevERRCs mBitatfonopd 3he o 1560
am no aci d residues poRypeptngt athd thBreBY e R BN minb e cEPsHasndRdnitatist ep d)
is performed with t at ane or sone, or all Ms-charge states. In a
further embodi ment t éhcflﬂil%p g conprises the overlaying of the mass
spectronetry total ion chromatograns (M5-TIC) of the reference sanple and
each of the atinefollowmy #ens: whereby the intensity ratio of all 20 overlapped
and aligned nasses is cal culated and peaks with a ratio of nore than 10
have to be consiaer @doadingnt sastank darsplgwé Hivepoleneptidd.on (ani no aci d sequence

nutatbgn). In styll 1§cufbh!ﬁﬁ Eg q,;,lqp@fmmge conparing conprises in
addition the conparin transl at ed pr ot egl yt| c fra%imant pepti de

pattern to the rfass %%@émgothétlwb@@éa&ampé% byrit bvatbye &yalyts ¢ he

sanpl e. For am no agbghpabing e ghte nérnBladtioantof ( aéﬂemédafphﬁisesmttﬁﬁm&%ﬁpﬁﬁtl on)
search single base substitutions deletions a i

t di
nucl eic acid sequenégpatg?tlotnh‘glﬂbma%%’ﬁﬁr%e%w&sp Zoﬁﬂ\lg?@ﬁ%%‘ﬁrs%% egg?a: Rgd
sequences are i rd)S| Iconpatin@tisl ditedetantatainnd svith te @mgné@ﬁredtew ¢)hwttltnehesarre

enzymgsas used in t Qﬁtanf& BPQ ref?&‘éﬁéee é hé(t g@ﬁ&ﬁ%ﬁ%‘ rﬂﬁtﬁS&I‘dfﬁego%g%&‘fﬂ ants

(am no acid sequence nutations) are y nmatc
experinmental |y det erstﬂpﬁém awspwlfer@gr@my @ﬁ%@mdﬁf@ﬁn@e@e‘mﬂ graing; ackl t he

theoretical M/ Ms sr@,@qalehee Qﬁutat*ftﬁl R’b?pthb %lzﬁe‘phﬁ@chnﬁr@l@e% edét&nﬁhllngcéh process

descri bed before. odi ment the e sanples is
reduced and the freé‘ngm’ ?‘H a?cg}lien%@mt}@g LXPB@JA}’WH hyl ated prior to the

i ncubation with the protease. The sanples are all treated separately, i.e.
i ndi vi dual | yTtengtonidtd asmpiex trye originate hfeora tdifisreac clonel olgrained blyetramsichods as

reporgg d her efid sfectli(Ql Shg nﬁagfaqaic{?&{cohﬁ% tﬁggglly8§ptide, or from stable transfected
cell lines, or from cell lines of different age, or different fermentation scales, or
fermentation runs under different conditions. In one embodiment of from 2 to
10,000 samples are provided, in another embodiment of from 2 to 1,000 samples

are provided, and in a further embodiment of from 2 to 348 samples are provided.



5 are treated individually in the reducing step, the incubating step, and
the anal yzing step. In one enbodi nent the nethod is a nethod for high

t hr oughpuwoaetigm7nat i on. I n one enbodi nent the sanpl es Par&pr2otgobz8zd f or
16 hours to 18 hours with the protease and inmedi ately thereafter formc
acid or trifluoro acetic acid are added4-10ln a further enbodi nent the
sanples are incubated for 4 hours with the protease and i mredi atel y
thereafter formc acid or trifluoro acetic acid are added. Another aspect
as report ed Iheneembodingnhit modhddofurtheodugirisgs astppl ypepti de conpri sing the
step of selecting a cell producing a polypeptide, whereby the pol ypeptide
conprises the srﬁgl | glstermime thandentiie andapdsesm phtthe amies pstt isvqlopce of 15

am no acid sequence WahdidH (nAfSion) b§ ML h SRS thibrd 11 M HR1AGI d sequence,
of all processed sanples. Another aspect as reported herein’is a nethod for

produci ng a pol ypeptide conprising.the step of selecting . a cell producing a
pol ypept i de,IBmﬂéﬁ%quWé”B%Ry%’eﬁg‘%H%n o%%ﬁ}p-esé%pwaﬂ@ét Bk pramneh e d
sequense nutmlypeptides apikad i widls )the |polyyretiéntwdi aekiovwheansin®ldcab tsequénber and
the smal |l est._r.atio O.r ectjvel of ;am.no.aci.d sequence variations

(ot ot rone. PR anRiGEe PRSI Bol o Pl 8T BRI RFHTAST U RENEL HO"S

ref erence sadgitiende the poeded esmplaedn and Anbedindnsibquesryeing inpafremedbodi ment
the met hod GORRY LBiES &fhe%ﬂ&asmf andht rarz%opl%wgfea&f !é;@g&a&w@o@.e'ﬁ s

conprising a nucleic acid encoding the 25p _%peptlde, singl e depositing

and cul ti vatRgitione redice smethyd daducsd mrpgo vitcidh seqienss ghrectePogi fuelccel 1s a

aﬁthogoafthﬂﬂ?Mﬁﬂm?Qgshﬂ{\ﬂhm8ﬁ|@mﬁbﬂﬁpﬂj6§Yk Qﬁ@@u@iﬁﬂi%?p@ﬂyﬁﬁg%id?,
ereby the ypepti de conprises the est. J er, and/or.snal ]l es

et ot amidboBRe sistens fod Aon e C( s S Feee SRR | ons) |

e) cul tivatisagptche mevided ada ¢ed (hydigxypredddicammoancmny pafitt te doyymettoveri ng

t he pol ypeptj.de..fro e C r . td j . i - one

enbodi ment tdﬁge%gir-)%vmdé eiEcae?[}lj[hleg e ggﬁéeﬂé #1 %(g%r}#lg)g%lﬁg%sf iutﬁe{%ltﬁ%lﬂ%%ersaéiﬁ{s1 ea{(:t ed

cel |, or a grelshss it paheiegs efdhe eplypersidedry thepraease én fragibents néfofr dta an

ani mal saf t erggl JMUH L&ALESMcs Relcabied Description of the Invention
5Therapeutic proteins, e.g. produced by reconbi nant nmethods, may be a

m xt ure of lecules with slightly different anmi no acid sequences, whereby
the di f fer enB@F SmhBInEEH {heatomRIREng In giep HRPFHATEA St e s PP
sequence butsoalesor wil Mi$-ohdrpe sassnin adithes egibediitent ¢hgcormparing @ipdises

mut ati ons, %ﬁchan 1

es .dation or thioether formtion). agci
Sequence mutlt pou YTt PihSSbeSlmals? Fhidbn s hhs oS ERA3F
reported herreferenioy spepleiaad aaelppf tiy otbeerradwplagyheFhesle atinsty agiodofsdjuence
mut at bgns (Vd?\‘/reﬂ?rﬂeﬁréﬁ)i alTBe dGHRS 8 chRUIafIHR pRaks \)/itlgh”i‘é,tﬂ)gOfﬂ‘gi&lgqh&l apid
replication by rors of "the nucleic acid polynerase, or 1i) during nucleic
aci d transcrhape itrpepgonsidesdsaopminge aisepeingrafagigéon amie agyl isequsgee
appar at us, Qhutkiién). QHEING MftArednbddiRas! tAE icOMpMnAESHpSick iRRdSkioh e W oNng
t-RNA or by t-RNAs 'PﬁP%SN . .
comparing of the DNA translated proteolytic fragment peptide pattern to the mass
spectrometry total ion chromatogram (MS-TIC) of the sample. For amino acid
25 sequence variant (amino acid sequence mutation) search single base substitutions,
deletions and insertions in the encoding nucleic acid sequence of the polypeptide
investigated are allowed, obtained sequences are in silico translated and in silico
digested with the same enzyme as used in the method. Subsequently, amino acid
sequence variants (amino acid sequence mutations) are identified by matching the
30 experimentally determined MS/MS fragment spectrum of a peptide with the
theoretical MS/MS spectra of the peptide derived from the in silico process

described before.

In a further embodiment the polypeptide is a complete immunoglobulin, an

immunoglobulin fragment, or an immunoglobulin conjugate. In another



15 with the wong am no acid, or iv) as unintended post-translational
nodi fi cation or inconplete renoval of the signal peptide. Therefore, an

am no aciwogenuwmire mut ati on (variation) can result fromCThP2011/052282
integration/anplification process of the DNA encoding the respective

pol ypeptide, or fromthe replication ofsthe coding nucleic acid, or the

transcription including post transcriptional nodification (e.g. 20 during
MRNA splicing or RNA editing) or during translation. Amno acid variations
resul ting f reoxhodimedithe qeiypeptidd in tihi vdnopled isanddnocdhend the fied wafhpdryer

rel ease of LhGMLECUL S0l LB INEs PHAARNCInBE R Wi, BelQL necessarily
uni nt ended post translatronal” nodification and are not a nmutation (variant)
as ternmed herein. 25Fromliterature it is_known that eukaryotic (as well as
prokar yot i c)Theneymdes Hagl tepstesaspagielier comdivdduallyrandrngsap adxiugh:io the per 108

Eo 1 O312 r ngép@ab@ddia @b qiecm_@%lb%ls &bar%p%rt&yhd}@ihnﬁi %ﬂboérﬁﬂﬁ&‘iﬁlﬁiéﬁ&he sardplBer 101
o i replicate ucl ei,c . aci ases. by error.- rone pol . ynerases;

transei phi Gt refed Heiaga inahs FaRGeR Bt e DR e DHLES B e

transl ati on:sleppeln idd8 tembo@éndnnc tdrepanah@t @manmeticidd foeshigheshroughput Thi s
shows t hat 06,008 hand the error rates during the replication step by

the i nduction of error-prone polynerases and on the other hand during

transl ati on have the nost influence especially in conbination with the
"stress" exdptwg wrpodiactdhe sampley aredineibiged e ehays toA8 hogsewsh dhe er

transfecti onyoeaddUindNehnt deat&ll AMrBatted foigic Achr §SENGSrocefic 8686 hadrdagent .
Addltlgnally nmu %%éons q¥r|n9 transﬁatlon are étatliélcal.events wher eas
mut at 18ns ddrliané’ bFRRAIIMSAE thsueRIPles <AiF dnquRates! oy & hayisnvith (i Fotpsh e

| ocati on/ | ociud imiediatdl the@saftor foraitr ddidjor teiflubmaddett asidutecaddegdul t in position
specific and reproduci bl e am no aci d sequence nmutations (differences),
whereas tran L Dt I n i I rs. c It osition
epeci fc: am R AR08 Aol AR Bl ROE s Ry ARALERY iy RRRaP

di st ri but i orconfrisingseéiectiempésscloebng tahecleprodusingod elyneptid, nah¢rgby dhso t he

transfecti oo REBES cdGhddd ibshdl[8ORGhbEhink O sthiifesORABMRshQkiveRt 8F Ni Ng
the reconbinant cell can results in up toa 1 % changed DNA (see %Hle
THi €' woul d

Lebkowski , Jﬁn@wa%k“@P@¥eNBP¢“€§IP@BPEW?WE‘PT@B&?“@QBTQE@®6$PG

r _esEI t |1 n a p@@c&kieidcya?@mchhb%e%ﬁpa&ﬂ @rcporedd [@réinng aMidtesd fod p:f&ﬁichfgaet ion
with a reguency.of up .to 1: : rei,n.s reported a sa reparation
dat & coi I ectBSeRNt SoMPrsPE T uimad TUABE ol mrotefandr PokpEEfal vsi <
conpri si ng avhe@:lySthvdbgmptdp epinpdess mapgétogable tamihe ghidsteqpossithitetisequence
coverage in o hr SORAS i g..sequence
of a oIypeé?%%ﬁ@gﬁh]?hgﬁfgbgﬁgﬁg%%gﬁ%uangﬁ?ﬁ%%??%ﬁ?@??%%k@%%@%lﬁ?@hutant
am no2fci d gewpgelicds ok aminmegy seguerrsnvarintians (Bnmfationsdi dhe eguen ceyd
(non-vari antgjuenté) RagetéhiRQl RGO W af Radredlesaipldof aasrciap@tih&d herein
uses fragnented prqteins instead of intact or conplete proteins for the
anal ysi s. THPEn?ﬁ@géﬁgﬁga%he sensitivity of the nethod to the detection of
very low |l evels of nmutations. This also avoids the interference and the
need of the I2bde smiboadinicahihognalngt] ddneprisesthesiapgofif | sobari c nmasses for
possi bl e nutations. For the determ nation of an am no acid sequence

mut ati on (vari ata) on)prowadingi €t flease ritvvosecdls tdongrisogi ¢ inoplsicarad posadibg ¢he Case
Al lf akready a chargghﬁgbgﬁg sanple is available this can be chosen as

ref erence sanpl e and the sanple to be determ ned can be 30 conpared
therewith: the Kowtingépdqpesitipaeededtimimesbakelissi gnnent is used as

reference and evgry pdabasingvith the eheRCRpbditct RElISAMRIG I8 fefdeicdRedM, N0 aci d
sequence nutati o

rom a wel | charlot SHFEGHE Botd!l PIbeg! §. Iy eaurriay Pempieaiton.
process. 8 - Case cBmpfisssothal sredldtyt atabac taad/oz achaesimiato id aviaolaibd e t hen
30 sequence variations (amino acid sequence mutations),
¢) cultivating the selected cell,
f)  producing a polypeptide by recovering the polypeptide from the cell or

the cultivation medium.



a) for peak assignnent a conplete characterization of one sanple can be
performed and Case A can be applied/followed (Case B-1); or 5b) one sanple
i s arbitraoi2by/wiysen as reference sanple (Case B-2) an®#CThP201e/08i282 ng
sanpl es are conpared therewith; this includes the determ nation of

differences, i.e. mutations, in both, the reference sanple as well as the
non-reference sanples. 10The reference sanple may be froma different cel
line, or cell line generation, or cultivation scale, or obtained under

changed/ di f fleantmbotlinenathieqmoadedic¢ll isrssle@tsdcfh)rma tengienthyedimfactndpmdi t i on) .
In one embogj,nent,|df trgngf@crt AYngen, q;n]nﬁﬁrgpo lFt tf?orgeana Hﬁf'%@te ny
sanpl e can be chosen as re rerice sanpl e and al er sanp s can
grouped accdRdiyigzatisn. t o the deterni ned ami no aci d sequence nutati ons
(variation). Afterwards a detailed characterization is perforned in each
group. In O'mtmﬂhﬁﬂ! Q'ggfahélgggﬁgﬁs as reported herein the pol ypeptide
is a conplete i munoglobulin, or an i munoglobulin fragnent or an

i mmunogl obul.j.,n _con ZOGene thod e, cont.aj ning the
b0l ypest | de T Bl Tar S ripest Barotp Rty s hodScRingng S Hidlyl P

resul ting i meharlecwehisbghtly differant aiinb seduveneecdss aguehy shq oéfn:rendess In
one enbodi Q SN i ting of
from3 or Zﬁ{g%]oﬁg,e%@#%%r ngllgEes ansdgf i a%lggqgl%nsﬁgu%{:c?g)%g%?db lghslﬁlttﬁerl engt h.
I n the secorfdniR® agidspqueneh foeretae a@ﬁureutge@w extdhamgsf oxigkdioararibiogdicd

sequence fr ggRion).(ABYRS a6d sféaﬁ'&l%e hh @Bt AR armaRE cluh Qb'é' dht&rommhogr aphy,

RP- HPL.C) coupl dwth hi ut|o mass spectro usi ng. Fouri er
transfr m i dRetagE r‘%tf?R%tegg*Ffﬁrl y) Pepi srrﬁrﬁpr%ﬁoylef@éﬁ 8]5’0 éessnadmﬁﬁs@f

spectronetr )Seﬁlﬁ@bé/ﬁ)utﬁnﬁhls)(sa@tmhs)t ﬂney afﬂefgb, dei ekav@i)enderifg agaeict&idbt ai ned
in the mass s Lnduced 30.dissoci ati.on ((FID) i's

perfornmed. T wah%n yt %voor&r B%rnélﬁ HCIFaPOa%m ra%e OF 15, A0 PYCCIE 3§
di mensi ons dfansreptiandyy sirers df. the RNAa)kagase mashﬁ SMNlngn@pomeuﬁ oesp) ution

can be obt aified, 5?61&11%%[9@{1 g?cﬁ(ﬂﬁéltﬁﬂ‘@% bﬁ%'v%oﬁ SN P Y5 R s Raliy

resol utr on of mat ogr ap%g par ation’ can be accepted
prior 180 t hevithstherisiops jagning a@demr Hhpt Aynisad p@%ﬁraaeatr%@bm@éaicamn AG the MS

anal ysi s. Th?ccﬁ@lé\tbn@ﬁlo?ﬂ—@f M dishal §eptme?rr¢1|ere{meeaﬁtaeﬁmomrtars%ﬁ}ente e. a
conpari son of am no aci seguenc nt el uti,on erns an

charge ¢ zymaben Preen i EREE Ara IS e taton PRrREA B e R ne
i.e. differddNasencbdinpehé acapectiveypayspyide, sorofromhtbe Melivhtiér af dentodpect r a.
If a refer er}ﬁl%le%caga orbééetgang t%ﬁ ﬁclhalgg?ﬂosp [ gi‘l ﬁoﬂa?%load? 19atlo£6t9g$er age

i dentification, uence
have £0 be pblrlfner m&NA nsréldmgt porRJNA teﬁlélné)atoecdumrg dfanglatioro émuelo sastflence

fragments C%h@ﬁ&ﬁs%sﬁﬂh@?rd%@'adméﬁﬂfé%?o#%dlﬁﬁﬁﬁtérf?ﬂ’ﬂ% AYREdsRfcORRLr and
their relative quantlflcatlon I'n one enbodi nent the pol ypeptide is either

an i munogl dBi§Rich obrths MgIFePlenigy I thh diibasoms| vﬁeﬂﬁﬁn&fé awrrqr PeEssEbhod as
reported herngimeideg sRmMmeskkienl ghodfisaital endat hbeafmhaatib®nvaianaphecul es
W th am no %cr ddjg%ence nmutations (variations) therein can be determ ned.
Al so a qual i'"talq Btermination of the consistency of a sanple can be 15
performed by matching the experinentally determ ned mass spectronetry

f ragm@ht at i doulditeratuge tithie dmewnchdt cukryotiafasdwelégsiproderybtiagerenmenhisees

obt ai ned by rh ligéglqoprragg(gol ytic digestion of the polypeptide and its
variants an qguent sinulation of collisionally induced fragnmentation.
Finally a sequence wi.th proposed nutatigns (variations) and nutation
(variant) positi'eiicatian be obtRE&d 1240 afeplicatedi tustser pyd dasrsdly rpama!

eval uation. Once an am no a?bg,n&e@@ence mut at i on (varl ati on) has been
identified it can be quanti |1ed r%lat Irrtd% to1 t rtled unno g no acid
sequence by using the data of BHe, SPUES Wﬁc%lﬁa?rcbie LEACESTYE has
been BBund that by errpl oyi ngprcsmrﬁoilyrgeresep,err ments the method as reported

nerein has an oygrallydfit e{ggﬂg%ﬁ ADARLind |30 phschndl % Of  mutant

am no acid 25 sequen vari een that it is on
one hand advant dgaslation:o avdingr b clOpmcoerocﬁé@dmulomcgirre@lémrer atures during

the sanple preparation in order to avoid deam dation, i.e. nethod induced
nodi fi cations. Therefore in one enbodi nent of the nmethod as reported herein
the nethod is perfornmed in the neutral and weak basic pH range, i.e. at a

pH val e bel ow pH 8.0 and above pH 6.5,



30 and at noderate tenperatures, i.e. at tenperatures below 40 C. Further
has been found that as in one enbodi nent by using a tris (hydroxynethyl)
am nonet oeotwfisp i nstead of a commonly used ammoni a- BCTaPRanas2sbuf f er
for mass analysis | ess nethod dependent artifacts are obtained. - 10 - The
current nethod uses LC-MS data sets for7the determ nation and all ows for
the detection and identification of one or nore am no acid nutations
(variations) in a tryptic digest of a sanple pol ypeptide. For the

i dentifi cat idns MvwWihdaom thzamebimnd gbe candratdsedutrmgrtbe -rd:pj)iICdli(HnMels bartich”

met hod 'de”tlhédc‘ﬁ%ng?‘eﬁi? @%hg pORHERE amt Sﬁ'{hgto't&%aﬁd’ &g@@ﬂr H%ﬁ@éﬂ on a
single nuclelc aci h , nsertion or tion Susl y It is also
possi bl e t o thejeest mﬁumcagaﬁmaélyamog@mﬂeﬂ Rath ke ostressroeticrice anitbhecllsThi s

conparative @@M&ﬁ%ﬁh@%le‘éﬁ@ﬁ@ré&@d biter BeME& bR &ﬁﬁigr ad Sloten fierfnd he
anal ysgs as onl

di fferences ha specific anal zed Al so, if
sel ected, 10PTtHECT & ef el l%rﬁﬂe@ h%gdlf%nag &ﬁ’é?tﬁlédg%{gy tgAglation fA%any
nuél a]E i ons ( didtisecsroany Wﬁéleaspﬁlﬁ&iﬁﬁﬁs dlnutgheplscaﬂmphe&uldnsﬁt ﬁﬁsangle ege:mmpgd by
modi fi cations.,,a tat ive he anal.yze
Det ai | ed Mot Y ith gltdbl ?(Pcagon/P Qeus. h gr? ors ﬁarm%re& ?IJ,’[(% A ul@ esult nB?Sltlt%/
met hods as rsep@fic @ddhepmdmlhkeam@oowgt s¢duetice Thigmtivasidliécranaes)bwherduced by
the additio 0 T I an be
car boxynet byl Gt oLl el driof R (ERAE §E HoLBELY e?&??é’%‘ﬁ%fﬁam :
can bé exchéﬁ@e@uﬁlﬁ&nsa (atiations) ppd atvidisEpdlyheftibetion ofethesorhangereocsiit e can
be eBzyrr;atl Ce@h%a/malegﬂétElﬂalw%ngaltﬁmraﬁslf&tﬂoﬁ pl&e@@iﬁbﬁﬁhn%ﬁﬁte hgioR Antditgest i on
can be stoppe

additjon of tri ro i.Cc aci e di ed
Rl B U S e AE R T S
spect r onet r i(sccangl ybkewslti, 1.Ie, seppaiviatl eCGelaBiadiod ard8d) $efuedad. Thiagroaid s
(using e.g. F t C set" as
used herein g-g%tjo%g/ 3 -lt‘;ﬁﬂlgh %%gﬁgaﬁ@%@grg{aﬁos nﬁb%%?rned r%;]? JﬁIOIgtgkkllt;%‘lésol ved
during>t he dhquemtyoyraphild08l ution in a mass spectroneter by ionizing the
digested and time resol ved am no acid sequence fragnents contained in a

3 a{rpl € ![n orgletint R 1@ &Fédaﬁ f&a{h ﬁ%ﬂaﬂa’%@Cc%&t@%o?éctlﬁﬂadnge&zafda%ﬁfﬁﬂétﬁod The
ata se corrprlses al. | eas mass spectrometri i on r omat ogr am
(MB-TI Q) and"t¥e Mt ArfoBRP vt @Pﬁ%ﬁét%@r&a}gaa(ﬁ@wﬁﬂ\éét%% Bitied by
col I'i si onal Iyappiviueéttl BQksS posdildt i sequadle tcbeerp@er aﬂbrdmlteqmdn%the @&et A
Sanples to be asstgegn reml%nalé ed t% eth {1 nt(%valnl aﬁle Lgference
sanpl e. Eac Yo%) tHe"Pefe eﬁ%aél R3uPEP e ned "\t | east
twi ce20As paopitfifvationof p@tlentaallsfamnlaet aning h01d§e$wm¢sa(wam@ts)ms refantnte
sanple, i S n tati
(vari ati ons)a%?é%glgl eg{(g&wés (Tﬁ{a w@g@gg@gaggjﬁ ﬁlgetg!& a@g éfr?étiiﬁ?di %SI al
mut ant am ndcpiied @é@u@ﬁ%sefr%%ﬁm pteinsyastgrd pf linéﬁchpr FRITRIAEC napicHY faci d _
Segug/ngsvl (;/aﬁﬁ amdlysis. ?Tlﬁmﬂ%%izt sésomtefsengi@xtlgr @mfh@ rﬁ@tﬁ@dtl@o tﬂtend&moﬁrawét rent IF n
0 w), for confirmation e ove sensitivi 0 or
cetting up 1Ak Gura BTGP s 43 DoIane daenaE e aBheel shil ned 10
wi th 2he refdstaigashmgnpd eéhe res@ving bé isobardminhssanfdr pogyildd uardiopsl ypept i de
wi t hout a nmut ation (modification) or with known nutation (nodification)
pattern, dFthl#qdét%l FloB G A ATRLE écgiehgedm‘ﬁ%a%n fialbh AN cﬁﬁ‘el%g aci d
sequence with the art ICI al ‘amno’ aci d uence nutation (variant) can be
conpar ed. Wﬁqﬂl@&ml%ﬁﬂmsélb!ﬁ the followi ng analysis can be carried out.
15For the determ nation the total ion chromatogram (TIC) of the reference

sanpl e and a sanUse At O healRdl Z@dr4edhiz0e swﬁlreh@lada@mé thidecai @N@Hosen
intensities of correspondl n%fmass SI nal(i iven, retenti oa ti rre (i.
3 df s shude

retention tine and nass G5 SeaR DHan Phiis defermpisd SRl rrent
the afalyzing and/or theothpted mtherawgith:s tlee thaowai rpepﬁdla)rlaltteﬁ:nainylsmakja ng a
separati on aceorcl g (0,20, i ATHLGARE L ST ST, BONLAEER, (77,
the sanple to the signalthd srrenls icen & aofanmihe acidf sraense rslatﬁﬂpme(VauﬁU(al)l

overl ai dfal i gned masses suan PeofAliky! Ahal TS breagl PRl fork! Ot
agalnst t he retentlontlrre EI’Eﬁ eakKs o0 t he same nass

and with the sane int ensh#ctPRzqdess rl@ﬁc%gsfé‘?fﬁlaéieﬁ%f’ng@%ﬁm%lI%fPéeSéIenot ed
wi th val ues of about 1, whereby masses present



nore frequently in the sanple to be anal yzed are denoted with val ues | arger
than 1, b) all masses with a value of nore than 1, in one enbodinent with a
val ue of wonelwitav03, or nore than 10, or nore than 100pPCirEPeeIg/082280di ment
30 with a value of from10 to 5* 109, in another enbodiment with a val ue
of from100 to 5*109, are identified, wiereby for the identification al

M5/ M5 spectra corresponding to the parent nass are used and the different
charge states are al so taken into account, c) quantification of
a nutant am no &&isdBsequfmeardadgichatétoniedsampheais 36aokbtd theh out by usi ng one,
or sone, or all charge st I . - L i to each
ot her, whereby for the na?ﬁ:?éarl bganl%t Hgslé;??%tsaeaueﬁlgteesgﬁﬁgétﬁg%aﬁ%lgarﬁ &gen‘i no

aci d sequence (variant) thesyapls ciar gec spearfaned cigsehaset hd esér abt ed i on
chromatograns (EICs) are geaﬁyﬁhggugwgi(ﬂgegﬁggoynder t he curve of the
peaks corresponding to eaﬁg other in 5t.gﬁ5l€% are u%%%ifiedﬁfe tive to
each other according to tReOPSFHBRICAY 2]y £hosepors HeHiRngRsaRRCAS A3k i d
sequence natural am no aci d Bgguahde renmitiagtsamplesaracbmpseduaaesith, | n one
enbodi nent the nfz-mjndOM/u%%d E@ﬁ &yetﬁgah zing»iglth &g@ﬁgCtéV@ mass
plus/mnus 1.6 anu mz. In SHie e ndl e CTRAPIERD g2t a cannﬁg’prSCessed
in a 10tinmely manner in one nerdgodismerioth thatdfacwfe samplors 8ell ss demoas
threshold, i.e. all ratios bgLowdhat,ld Mt are not analyzed. Case B: In
this case no already characteri zed s&ﬁple is avail able. For one of the
provi ded sanpl es to be anal yze in this case nmpre than one sanple to be
anal y28d hasthegefgenes sapale mpy y(@ﬁl a|difdsrapiraeligineapr celbling gesEdiotasses in

the TIC to tdaivatieekedlécaldbyaiset eide BRshgeediffaentaltivarion eamndibensp@uéior med,
i.e. a peak assignment can. be perforned (with predeterm ned protease for
the di gest).aslergpg}ege%?nctonfpwlutoma correct alignnent can be on the one hand the
exact mass and on the other hand the M5/ MS fragnent coverage for sequence
confi r mat i odnehctehbodepint dea sarggesmbend. samplasiave@o bpevilfial aybwdiphkent

am no acid Seqyenfese %%f Se SMASIE 3hd AN DIhet Yn gs %%{glrr)"né ggtfo'ugéh @éoﬁfi]rll

error-tol erant search :i Ing to or subtracting . respectively, each
cal cullat ed ttﬁélwr@qwraamedx%@o GFidtsR@uanse grusations ysladed Adlevasds & detdedass

di f f erences ghasiletiz-atnfis poRf@n¥dGh €h¢h @ehsl nutation, i.e. a single
nucl eoti de substitution, deletion, or insertion in a base triplet (codon)

resulting in a difference i.n.the am no 2 cid guence.. Subsequently, a
Suggest ed arfI8°SEI BN, QAN SR 15 AP T T 3 PHAR S Bok SMPIrad by
t he MS/ M5- f riegmeogkbubm pat ter ommiheglewilirh fnggman| yort he idenmbglpbain t he
am no acid %gjlﬁggt%e nmutation (difference) but also the position of the
am no aci d nutation (change) has to be covered by the nmasses of the

fragnents in_the MS/ Ms-anal ysis.
20 General Methodology:

A sample containing the polypeptide to be analyzed is digested with a protease, ¢.g.
trypsin, resulting in characteristic amino acid sequence fragments (peptides). In one
embodiment the size of the amino acid sequence fragments is starting of from 3 or
4 amino acid residues and up to 60 amino acid residues in length. In the second
25 step a chromatographic separation of the amino acid sequence fragments (reversed
phase high performance liquid chromatography, RP-HPLC) coupled with high
resolution mass spectrometry (MS) using Fourier transform ion cyclotron (FT-ICR
/ FT-orbitrap) technology and mass spectrometry (MS/MS) analysis of the amino
acid sequence fragments obtained in the mass spectrometer by collisionally induced
30 dissociation (CID) is performed. This is a two dimensional data analysis. Due to
the two dimensions of the analysis, i.e. time versus mass, an improved resolution

can be obtained. The two dimensional analysis also allows that a low resolution of



30However, the conpl ete peak assignnent of the LC-Ms data set is not

mandat ory and only the differences can be analyzed. Al remaining sanples
can be cownpasadonh t he sanpl e anal yzed as outlined ab®C¢&/EP20MD052282

2011/ 101370PCT/ EP2011/ 052282 - 13 - The quantification of a nutant am no
acid sequence (variation) is carried oup-by using one, or sone, or all
charge states in the mass spectrumrelative to each other, whereby for each
of the natural am no acid sequence and the nutant am no acid sequence

(vari ati on) thhéqsidnbrahapgeplst stperdtionchodernccepa prdrrtache WS emlpsis as

chr omat ogr arg@el(l gg?&‘%c E&(,@& &ﬂlt%r}ﬂ%?vga&g}%%under the curve of the
In

peaks correspon 0 eac e quantified relative to
each ot her accordlng to the follomnng formula: 100 * nutant am no aC|d
sequence natticapbtainth PG -HS eafaeritsedrs therealir comniecdadiod s sogmarzd of 10w t h

t he met hod aﬁmﬁ@ﬁﬂﬂts@(ﬁleh@éﬁh éltféﬁitﬁ&ﬁ%aftélhs btema i to Gahige tmef) pamdmoonaci d

sequenge rrut t|ons var|a e sub- enta e. ran

vl Tab e e sGUaleh frds ShuT iRy of dutiudy ne hEHREBRe i PTEAEE out 0. 5
% dependi ng analysiatafrtbe 04S/Mte fraginont getite. J€quefcenct rsagipinbased rnglgsit a8 n cases
the sensitiy ﬂf;]f-‘énﬁé’&" fo dglaw @ é’{ﬁ(ﬁd&n{g&{ono Ipz% a%s{’%l?r?ewtlegﬁ(?/os

fragments wi'th good chromatograp and roperties
case studi esdeﬁéilfﬂlﬂmlp@rrsf mvm@nc@felag% bavg 0 boo peaiforined detféhilltm tq rﬁh%ome

cases down tR4l2 I anhiHoS a&énseaﬁerﬁg hﬁ@g&ﬁéht@ cgntalﬁﬂn Aghd neth § hE@t ion of
software tools need&@nto achi eve signif |cant}sfac(%i reliable results. In case

of detBcti oML (HITAHNY) LBfUBHECIHIY Rt %|%P%§¥lb99m§é‘tﬁ%%|t|ve

resul ts can gogypepliédis@ithertiyy 1ﬁ@1ﬂjﬂogmbﬂ@n bheneeimauh@NomyingidlyRptide.
20-isol ating the poI ypepti de containing the am no aci d sequence nutation

t tid
Synt host 1 ng I RAEEEPEE" b ReRBirRSonBr d e et PRSP PTSlor ahe
spi king it imelectlére ot yapBpo i @t&df@qumeanmtmhwvanaicys) stheronf icami by t he
retention and VBiMG RTs%fa! &il&ﬁ%@@%@@t‘ﬂl{lﬁ%l&?gf fie cBBﬁ&@H&eofba)/sa% §&AKENCi ng

of the respective sanple producin igestion wth di fferent
prot edPyti c ReHRyRed ab WAkhipsi 4 %fe&pﬁ@meﬁ@}wﬂ@q%ﬂ@lﬁ?% FatS fPRGHRIAEIEY

Exanpl e of &ra%ﬂidﬁtamﬁngéﬁeb Itﬁeamtlcaﬁé}fﬁhs a&\d@hmb@ﬁagmeﬂthﬁm@mémw for
detecti on of. Hg% (¥m mut E}[FI on % |atd| %\4\%5 ]ﬁierfborrre wth a
model pol ypéBtSﬂ 5¢ %??&Pné’tﬁt baayP )ANCslh S P ASEREAE mab
wi th am no zmndlaﬁaq uehcellzivhally oindudedarfiagiienta)ion. Finally a sequence with
proposed mutations (variations) and mutation (variant) positions can be obtained
20 and confirmed by manual data evaluation. Once an amino acid sequence mutation
(variation) has been identified it can be quantified relative to the unmodified amino

acid sequence by using the data of one, some, or all MS-charge states.

It has been found that by employing spiking experiments the method as reported
herein has an overall limit of detection of at least 0.1-1.0 % of mutant amino acid
25 sequence (variants). It has further been found that it is on one hand advantageous to
avoid basic pH values and high temperatures during the sample preparation in order
to avoid deamidation, i.e. method induced modifications. Therefore in one
embodiment of the method as reported herein the method is performed in the
neutral and weak basic pH range, i.c. at a pH vale below pH 8.0 and above pH 6.5,
30 and at moderate temperatures, i.e. at temperatures below 40 °C. Further has been
found that as in one embodiment by using a tris (hydroxymethyl) aminomethane
buffer instead of a commonly used ammonia-bicarbonate buffer for mass analysis

less method dependent artifacts are obtained.



at various ratios, i.e. in various concentrations. In one exanple, the mAb
with - 14 - amno acid sequence nutation (variation) was spiked at 1 %
(Ww, i.w020mwiodi7bf erent peptides are expected to be i #€miEPRél@@s512$2t he
met hod as reported herein. mAb: LC peptide XXI XXXX nutant mAb: LC pepti de

) 007) 000( 5mAb: HC peptide )000(T nutantigwAb: HC peptide In a second exanpl e,
the mutant (variant) mAb was spi ked at varying ratios (0.5- 10 %9 to the
mAb, i.e. 17 different nmutant (variant) peptides were expected.

Thus, her ei Mhescurrepomtedd aseselt G:AdS feta sdestfer thicrictogmanapoh ypeé ptlowdefonithd a
nutant 10am fig. 4Gk Q%c‘? ?&&Hﬁﬁ&aﬁioncé}%@%&%&% &thind! faﬁafﬂ?ﬁthﬁ?xﬁﬁtvaﬂ?ﬁic?w) iboaYV' ng

st eps: a) provi |n9 at least two sanples of the poM%pegtl e, “é@

i ncubating tthtis shgrse sl agzemplg RAyRapEde dfas the edcatifeation MSAYIS atd gani by t he

i ncubat ed sapd emdbyh "EMOr-HIFBRSLAR Hathed alashtilsS amsidNAcR GefiRhaat i on of
a reveésed phase liquid.ch or%gsfgraphé Jjgsel[?ellr.atl on, and a nmss.

spect ronet r yTHARPYPs (LriaHenYr DR N8 AnsiPglSi BUClES 464 i HERPSEndSGEIR St

obt ai ned wi tdelcdiog. $antplgeudly islieplse)podsibleefoeident® fagmbes and warpatheng t he
data sets otktn%i ?lencli (%an. %he other sanples in step ¢) with the data set of

t he reference %’arrp?e, e?'eby every am no acid sequence difference
determned is an am no aci d sequence 20nutation of the pol ypeptide and

t her eby det eftns womgaratipo|appeech denvdrematcatlyt ducamhnocqeied tyeguendec 1 n one

enbodi Ment  eyeKkYis AR, AEIFFSEHLENGE B bd GIceltaPahdlyRdl Ald0ikidRye than 3
of the intensity of the e_mass spectrum si ghal %’

anpl o the |dgr§ en5|ti/ of the
ref er éfce ndBerdpraRte 3PS Rasdp bE enalizedamiy ongs: o Bayi@HtEop tdikespces) n a
further 25 gapedinrinthetshaplth zhehs aaEbaprdtpedusadodificithms an@lopzdsogratice 1. 6 or
nore. In a furtper en‘%;)di ment 1t}he ret(pod further conprises a step e)
det er mi ni ng PR QLRSI OUNFIISAENER of the amino acid nutation in the
am no acid sequence by M5/ M5 analysis. In also an enbodi nent a further
sanpl e i s pridethidestiMeithath conpri ses the pol ypeptide spiked with the
pol ypeptide with a known am no acid sequence 30 nutation (variation) and
the further 3appl %ll'g%ir}é‘%ﬂ%@%n?d&ﬁirﬁ‘&ﬁ' yzed ﬁ@tﬁo&@’ﬁ?%eﬁ&téd’gl@&ﬂi Lion to

the provided sanples. I'n one enbodi nent the analyzing is perforned at a pH
val ueldf | e<SS¢H8A- 8.0 and at a tenperature of less than 40 C. In anot her
enbodi nent the sanples are provided in a tris (hydroxynethyl) - 15 -

am nonet hanerfeudngles tan aksedwied eitbat adtitior b€ dithiusleadi (IGDT). Abe Sedpl es
ei d cequoncl TghBaEgHaPRs oo R BB ARARY KeoR dFl OFRERe i 1 1
still an entudicnehtha srenpdopabé rychangsd epd djusted par tho remexnatia digestondat a of
one or Some . ?alnllplév%aﬁ RRr &Eymatically digested overnight (16 to 18 hours) and the
20 digestion can be stopped by the addition of trifluoro acetic acid. The digested
sample can be subjected to RP-HPLC separation and high resolution mass
spectrometric analysis of the separated amino acid sequence fragments (using e.g.

FT-ICR/FT-orbitrap mass spectrometer).

The term “data set” as used herein denotes the mass to charge ratios obtained time-
25 resolved during the chromatographic elution in a mass spectrometer by ionizing the
digested and time resolved amino acid sequence fragments contained in a sample in
order to generate charged molecules or charged fragments. The data set comprises
at least the mass spectrometric total ion chromatogram (MS-TIC) and the tandem
mass spectrometric data (MS/MS-data) obtained by collisionally induced

30 dissociation of the parent molecules.



5 states. In one enbodi nent the polypeptide is an i mmunogl obulin,

i munogl obul i n fragnent or i nmunogl obulin conjugate. |In another enbodi nent

t he sanplwe 2argoi3treubat ed for 16 hours to 18 hours w t hPCh&EPReIO0ER282 and
thereafter formc acid or trifluoro acetic acid are added. In a further
enbodi nent the sanples are incubated fort 4 hours with the protease and
thereafter formc acid or trifluoro acetic acid are 10 added. In also an
enbodi ment the conparing conprises overlaying of the mass spectronetric
total ion cHeaesX:ogram (M5-TIC) of the reference sanple and each of the

ot her sanples to be anal yzed, whereby the intensity ratio of all overl apped

and al i gned &Stol 1R &S eCffl fé’?ﬁa e iﬁb anMfallaBlcBfetAcQlalpice t han

3, especiall re than 10, are e el ng .an_am no aC| sequence

mutati on. 15:achrsagpla pnch st %@re@%w%ﬁbw ﬁé?ecdmffarm% fcleagir vdes An

addi tion corfegitive@ohtisl Lhpld ARfhat eichiRk & 8Rlrtferdhct kagpeNtc paiihdendat t ern
of the theoretl cal am na acid se ence and tg ot al spec onetry ion
chr onad ogr (. G 8114, Hecu e aiony B Ao SR Mo FHEr S equence
nut ati ons arsemptiemtd fideddhs bytiadali mgtahDaminosadid seqenden(yafiain Theespécinl vel y,
each cal cul %&Qntt DGab e&m&%%qdéﬁéef \%fnahﬁ‘%s %B‘k%&% Ghd ?&lelieﬁ{;@ Qﬁnﬁg &?&quence

the nass di fferences resul el c aci i on
i nsertion i rengbodasenttini GPéb (i ‘@hoﬁ@) C\mlflﬁn@wnaﬁf the avdrdll chasgaty Af fthg t her

aspect as r %H&h&&‘i‘o? @étﬁh@ {)%heapaﬁfﬁh&@fi dfhe Ma‘?ﬁi&%l RGtRdRR! XRER dfifined
conpr|5|ng the fol S -selecting a cel produ§|ng a pol ypepti de,

wher eBy t he Wé s éﬁ?ﬁrﬁ@eﬁe@ ifs rﬁwlg%nt Ye%rP dysaetynsptidepitgout a
respect i vel ymutefiord (thodifiagtidh) € Nk Wil inditdton S ndiifidatioPy MERES edd Seifpl es or

W th respect toarefere Ice.s | .e.or predet.erm. ed am no id uence
det er m nod Wl e VBRI EaTRT s i apine Sbid e Vil gyl
reported heragiino iasidasciyedrivo dnitetiorp (vadiact) wgn &a domparvdg Moldutlicse B@mowers SI ng
the steps ofi, @llo%ﬁ'é‘ﬁﬂ}fl% &Bbe%gﬁ{edtwp cells conprising a nucleic acid

encodi ng the | mMmuno singl e depositing and cultivating the
cells, c) performng a nethod as reported her ei n - 16 - d) selecting a

cel | pfoducifirg the drterrinaderBia fofal lvmh@wltqgﬁem(&"ﬁ@heér%@fqrﬁm@owﬁmleses t he

shal | est nurdAgr a Manfpdd it bd eﬁm@éd \:&h Yoe @Fcr@dlll Nghdagicd sﬁgﬂﬂlu@tﬁél%ltﬁﬂét ations
wi th respect toareferences uItlvatlg%the %ﬁ@ duci ng

the. poly pept eIy REdBvSrTd S R HoTd Bumtiondns Bik tolgra frip on
cul tivati on roktidy rmnTHeeccij)drew Tiuse ¥anpleceambadnguende hnadyzimg aadvdr fthgur es

are pr ovi dodelmlify 02, UNCHARANEN0 L Lhe REESENLOLANGD 0, T Ue

scope of whicC th i'n is un ood t hat
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from the splr%&s &fthé ngnammeﬁglﬁ&rbftﬁze%ﬁm@w P s%fnalt 1|ﬂ€en§%g§"§pﬁ€ réfbehwg SEQ
ID NGO 01 Anti-CCR, antib ﬁéll eavy chain varlab omain. 1. NG 02

Ant i - CCR5 arﬁ@mﬁkfdy pil gerla @Wﬁ%& earyRivedlprlated SPets pationgan bﬁspsaﬁ%d CCR5
anti body heagyinsthtaé Fetdtionaihe waerapyn 2.

a)  peaks of the same mass and with the same intensity in reference sample
25 and sample are denoted with values of about 1, whereby masses present
more frequently in the sample to be analyzed are denoted with values
larger than 1,
b)  all masses with a value of more than 1, in one embodiment with a value
of more than 3, or more than 10, or more than 100, in one embodiment
30 with a value of from 10 to 5*10°, in another embodiment with a value
of from 100 to 5*10°, are identified, whereby for the identification all
MS/MS spectra corresponding to the parent mass are used and the
different charge states are also taken into account,
¢) quantification of a mutant amino acid sequence (variation) can be

35 carried out by using one, or some, or all charge states in the mass



15 SEQ ID NO 04 Anti-CCR5 antibody |ight chain variable domain 2. SEQ ID
NGO 05 Anti-CCR5 anti body heavy chain variable domain 3. SEQ ID NO 06
Ant i - CCRBwanvitowyol i ght chain variabl e domain 3. SEQ | PCR®P2@Q7/052280n | gGL
constant region. SEQ ID NO 08 Human |1 g&4 constant region. 20SEQ I D NO 09
Human kappa |ight chain constant domaiin2 SEQ ID NO 10 Human | anbda |i ght
chai n constant domain. Description of the Figures 25 30 Figure 1 Figure 2
Figure 3 A representative tenporal sequence of the scan event cycle for
dat a dependent acquispédtiuvon rgdhtiviSfovEBachpetben, ayheadityr fovithe inatusal dFifinb GRid

Fourier transformi ce: = i : D -
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i nduced di ssoci at i ontateTist dioserothe xteastadogn shiosrategryps i(EIQﬁé!@fq gracrgs from a
Eef erlen)ce ant i -CdD 19namd #@Qlﬁg}rc{efﬁfe%%b(@)th@ kélc?@?g@bﬁdia%d ealepo%%]gﬁﬂtc i llg/gdy
sanp acquired on ! erno Scientific). e of, -

chr omag ograms al i gné]&ea]g{f}%ag? émqt‘g;dg?lﬁté"eotf) eﬁ?lb?ﬁﬂﬂrearwoéﬁi%@.tfl?_)gﬁ&% e from
tryptic peptide mapdo@fuliwo - 17 - anti-CD19 anti bodies (reference and

sanple). A and B are nean TIC profiles of two replicates each. Figure
4Scatter Plot showi ng the differences between sanple and reference anti-CD

19 anti body.WW@%ﬁé@lwme%é% rum of

t he sanpl e anti- Yanti ocFy C am no acli d sequence fragnment (y-ion
series and b-ion series of collisionally induced dissociation of the doubly
char ged par dntone @mbodibheant st wr4-windowMslcNESorf thagmelyzmgfiothe fespeatriveimasci d
10sequence i r (o} i JGur e 7Ass| / tr.um of

t he sanpl e ﬁ#@%s%@gﬁ{&i od IHL‘JC?:&%?ntOn%{.Sg%i @atsééu%?g%gg} ygéf@ﬁ? & f/li-hié(;n

seri ed0and Bindy nanped gpc epbpdigicahalrpio phduceid3 d sefowsi hEgsbeldofct#Hb doubl y

charged par @ftios below that limit are not analyzed.

Case B:

In this case no already characterized sample is available. For one of the provided
samples to be analyzed (in this case more than one sample to be analyzed has to be

15 available) an alignment of all determined masses in the TIC to the theoretically
determined peptide pattern can be performed, i.e. a peak assignment can be
performed (with predetermined protease for the digest). Important for the correct
alignment can be on the one hand the exact mass and on the other hand the MS/MS
fragment coverage for sequence confirmation of the peptide suggestions. In one

20 specific embodiment amino acid sequence mutations (variations) can be identified
by an error-tolerant search by adding to or subtracting from, respectively, each
calculated theoretical mass of the natural amino acid sequence the mass differences
resulting from a nucleic acid mutation, i.e. a single nucleotide substitution,
deletion, or insertion in a base triplet (codon) resulting in a difference in the amino

25 acid sequence. Subsequently, a suggested amino acid sequence mutation (variation)
has to be confirmed by the MS/MS-fragmentation pattern. Therewith not only the
identity of the amino acid sequence mutation (difference) but also the position of
the amino acid mutation (change) has to be covered by the masses of the fragments
in the MS/MS-analysis.

30 However, the complete peak assignment of the LC-MS data set is not mandatory
and only the differences can be analyzed. All remaining samples can be compared

with the sample analyzed as outlined above.



ion). Characteristic M5/MS fragnents for the amino acid 15sequence vari ant
are shown in bold. Figure 8Extracted ion chromatogram of natural am no acid
sequence WARthW1zM no aci d sequence of the sanpl e anti PCDEP0Iafsi2Bdy HC
am no acid sequence fragnent within the LC-Ms sanple run. Result of
quantitation: 2 wt-% of nutant am no aci3 sequence 20(variant) is present
in the sanple. Figure 9Extracted ion chromatogram of the natural am no acid
sequence and the sanple anti-CD 19 anti body LC ami no acid sequence fragnent
wi t hin the KbeMpagtifipdtionrafm nigsitilamiod acjdamatudnat i(eariatiOnbiswtarfedobutntyt ant

am no acid e O/erl ay
of LG N chﬁﬁnéedééf%ﬁ?% BE bl chaPRERER] s MR Bl fove 0 ™ ot
were from t rylsrsly feeperiyef tel pipinoasiq seoRBCRHd hedneigny arém@r@ﬁte and
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an anpl e _anti - 0 rac i on chropmat ogram o e

natural an rf&r%%tagre@a@ Cah etgﬁ%e Pi%n%rﬁa@e%g %W%BEEH?@@& no acid

fragment wi tdonﬁsﬁdﬂelnlgaol\@cls a»mblren N EIES garr Be Lamxtffedoichive am eadtr ofie ogr am

of the natural m ac ue 35and the sanple anti-CCR5 anti body HC
AR HaR IS

am no acid sgﬁ] mge a 'R the LG MB sample run. - 18 - Exanple 1
Mat eri al s and Met hods Sanpl e p &Par ation nethod for the reference and the
sanpl e: * mutant amino acid sequence

natural amino acid sequence + mutant amino acid sequence

10 With the method as reported herein a method for identification of amino acid
sequence mutations (variants) down to the sub-percentage range is available. The
overall sensitivity was determined to be at least about 0.5 % depending on nature of
the amino acid sequence fragment. In certain cases the sensitivity could be below
0.5 % (e.g. for amino acid sequence fragments with good chromatography and/or

15 ionization properties). In case studies variations between 0.1 % and 10 % can be
detected, in some cases down to 0.02 %. This can be achieved e.g. by a defined

combination of software tools needed to achieve significant and reliable results.

In case of detection of amino acid sequence mutations (variations) false positive

results can be ruled out by confirming the detection by either:

20 - isolating the polypeptide containing the amino acid sequence mutation
(variation) from the peptide map and performing Edman sequencing,

- synthesizing the peptide with the amino acid mutation (variation) and
spiking it into the polypeptide for MS and MS/MS analysis confirming
the retention and MS/MS profile,

25 - confirming the presence by DNA sequencing of the respective sample
producing cell clone,

- digestion with a different proteolytic enzyme and analysis of the

therewith obtained fragments.
Example of a spiking experiment:

30 The evaluation of the sensitivity for detection of polypeptides with mutations
(variations) was performed with a model polypeptide, a monoclonal antibody
(mAb), spiked with a second mAb with amino acid sequence mutations (variation)

at various ratios, i.c. in various concentrations. In one example, the mAb with



a) Reduction and al kyl ati on: 5250 g of imunogl obulin in a vol une of

maxi mal 100 | A were diluted with denaturation buffer (0.4 MTris-HC1, 8.0 M
guani di niworbydreizhl ori de, pH 8) to a final volunme of 220T{P2012053282 of
dithiothreitol (240 nMin denaturation buffer) were added to the solution
and the m xture was incubated at 37 C-& C for 60 mnutes. Afterwards 20 pi
of an iodoacetic acid solution (0.6 Min purified water) 10 were added,
vigorously m xed and incubated for 15 min. at roomtenperature in the dark.
The al kyl at iapnino e&ct isoquenas nuttappe dvdniativine wad dipilicdnatofl %3 Q(wgw),of.c.atwo

T R Ll T

sol ution conprising 15 the denatured, reduced, carboxynethylated i muno
gl obul i n was excH’é\gb'ed usi ng a NAFTDEEE SefRddesoiM G 25 desal ting col um.

Briefly, the col ypitamasAapqui | i brat getive t hxXvxkxof a buffer sol ution
conprising 50 nM Tris-HCl1, pH 7.5, the sanple was applied to the col um,

the coLumm was washed with 350 pj~of .the i tion and the
sanpl e was recové'?‘gﬁ' in appr oxi EFLQ B?%}ldﬁBO&B&.&mmstep (col um
equi l i bration, sanphe mpplicati &I papishi NnFOIXEIXKXEAX XXX sol uti on was

allowed to enter the packed colum bed conpletely. c¢) Enzymatic di gestion:
48 pi of a HLYPKLEhPRMAIONNE tfarld/(Farlalty ThAS WsIopilRH of vR)yiNEFi0gdelsd to the
buf f er exchangoe%ul;hmmnaoé{o’bu% %ln sol(utrliaon) an_g in(]:?bat eag a%ylrg CO?gr' about 16
hours at 25riom todhparhiieel 7 diffsrcat Buknt brarigald Pertilsp 8grpgxpesedaddi ti on of
20 pi 10 % (v/v) trifluoro acetic acid (TFA) solution. LC M5/ M5 data
acqui si ti on TwikhbéteinTRerch&rtddSt MctBo ftSdGermasinpes ol pastideywithromataagr aphi ¢
separation (LC) of..the hydrplytic peptides .obtained in the tryptic
; ?{) amino S Xﬁiéctae%ég 1%Cf_gﬁ1ns : :
di gestPon st38HL0 A SesA S Y eV PRPARES IR thedPIOW NG SEdSect i vel y, using a
nano ESI ion soykce 1 Adyi ' ' i nterface between HPLC
and mass spectro:)nst é)frrg.‘qgﬂl‘lg%gle?ﬁ+ﬁé%§ﬁ?%$r}§f%§$§%}%§p%$ carried out with the
f ol | owi ng par amder sncubPlig thi srreprlctcadhneitieth8caOe Praseeseat e: 40 gl /nin WV
det ecti on vavel gpgt hn220inphanstR8Rd NABIEMREL ahHr EnRhsibhf &l wilygyen: 35
C Sanple loop:10°1 A . o o
using a combination of a reversed phase liquid chromatography
15 separation, and a mass spectrometry analysis and/or MS/MS analysis,
d)  defining the data set obtained with one sample in step c) as reference
sample and comparing the data sets obtained with the other samples in
step ¢) with the data set of the reference sample, whereby every amino
acid sequence difference determined is an amino acid sequence
20 mutation of the polypeptide and thereby determining a polypeptide with

a mutant amino acid sequence.

In one embodiment every amino acid sequence difference with a ratio of more than
3 of the intensity of the sample mass spectrum signal to the intensity of the
reference mass spectrum signal is an amino acid sequence mutation. In a further
25 embodiment the m/z frame width used in the analyzing is 1.6 or more. In a further
embodiment the method further comprises a step ¢) determining the identity and
position of the amino acid mutation in the amino acid sequence by MS/MS
analysis. In also an embodiment a further sample is provided which comprises the
polypeptide spiked with the polypeptide with a known amino acid sequence
30 mutation (variation) and the further sample is incubated and analyzed and
compared in addition to the provided samples. In one embodiment the analyzing is
performed at a pH value of less than 8.0 and at a temperature of less than 40 °C. In

another embodiment the samples are provided in a tris (hydroxymethyl)



Col um: Di onex pep Map C18, 3 m 100 A, 1x150 mm I njection volune:10 I A

10El uent A = HPLC gradi ent grade water containing 0.1 % formc acid El uent
B = HPLC yoadien137gr ade acetonitrile containing 0.1 % f ®@CWEP2@cios228he
applied gradient was from5 vol % Eluent B to 100 vol % Eluent B in 75

m nutes. The nano ESI M5 or M5/ M5 was ciaysried out with the foll ow ng
paraneters: 15Nano ESI source: Triversa NanoMate (Advion) Flow into nass
spectroneter ion source:approx. 200 nl/mn. managed by a flow splitter Gas
pressure: 0. hmiforbethsic Md¥dralpealsmamppbgdifnett the incubktih26fPhs isarinpbs moth: sel ect ed

bar amet o of TP o CleRRE Bl URARAAAL BL R B ?aé%ﬁl?f%%‘fo 4 P
t enper at ur e:flagmegts| friram o €BlRMirg emd easitugy irf lspetheinvg!ls %@mﬁé tﬁlﬁens

vol t age: 100\60%@1 @n exp |d9'$d ﬁ&f&rﬁﬁh%ﬁh ﬁl@adakaﬁéif &rﬁe&e@ﬁnec‘émt MslchaEg%?' !JS! on
Duratlg/a 8 sec, cl us The data a@ﬁw sition
S

range 35S, Spppe GHbo Ualrenﬁ\% §Bg’@FPt&Fe ijpy lmawa@glf)@ﬂhwwgng%le My was
used accor diffugnicat ot ameandglobslin um;ngats elint atfcl)@i:‘er ehit®diterdethe @imss MEe spectr a

per high resgl ut]j F can .c I scan. i s not
rangat ory. £ oreined oy B GRS R A BEVSER BiCnerdfe BB A B oD 1o
anti body r eftafleproecandagdapd aideéthl gbmthentinbediment the sarnples are incubated

for 4 hours with the protease and thereafter formic acid or trifluoro acetic acid are
10 added. In also an embodiment the comparing comprises overlaying of the mass
spectrometric total ion chromatogram (MS-TIC) of the reference sample and each
of the other samples to be analyzed, whereby the intensity ratio of all overlapped
and aligned masses is calculated, whereby peaks with a ratio of more than 3,
especially more than 10, are evaluated for being an amino acid sequence mutation.
15 In still another embodiment the comparing comprises in addition comparing the
DNA translated proteolytic fragment peptide pattern of the theoretical amino acid
sequence and the total mass spectrometry ion chromatogram (MS-TIC) of the
sample to be analyzed, and amino acid sequence mutations are identified by adding
to or substracting from, respectively, each calculated theoretical mass of the
20 theoretical amino acid sequence the mass differences resulting from a nucleic acid

mutation, deletion, or insertion in a base triplet (codon) with an amino acid change.

A further aspect as reported herein is a method for producing a polypeptide

comprising the following step:

- selecting a cell producing a polypeptide, whereby the polypeptide

25 comprises the smallest number or ratio, respectively, of amino acid
sequence mutations of all processed samples or with respect to a

reference sample or predetermined amino acid sequence determined

with a method as reported herein.

Also an aspect as reported herein is a method for producing an immunoglobulin

30 comprising the steps of:

a) providing at least two cells comprising a nucleic acid encoding the
immunoglobulin,
b)  single depositing and cultivating the cells,

¢) performing a method as reported herein,



The reference and the sanple of the anti-CD 19 anti body have been treated
according to the Materials and Met hods section. Ms data has been acquired
10accor diwg 200/10350 Vat eri al s and Met hods section. Data R0&AIBP2013/0522p2

Det ection of differences between reference and sanple using LC-MS data sets
For conmparison of mass profiles obtained for the reference and the sanple
(total 15 ion chromatograns (TICs), see Figure 2) SIEVETM software package
(version 1.1.0 from Therno Scientific) has been used. Briefly, the TIC data
sets of the refebencelcamy t he cslhnpraivamge al | gmeundgjotudinentvhoreby i e (Fi gure
3) and conpared for Hiﬁﬁl% i r tinme

w ndow down to a preset £ lf'l]ﬂ P%ﬁ?ia-életél}g%g ﬁ&'tﬁ @)bg[rgs Elgs%éﬁé&?\lg]gg
different in referemfémélmja pRauencEdRRdesgVithoresrst (et kikseRICSapPEdef | ned
for eval uation e lcuffvadnd heTahl € 1. Mass signals present at identical
intensities in the referen t he sanpl e o of 1. Mass
signal$ with hi }er P U@ws%f?@pp PERftestyf %C%Vqrﬁ]&rfﬁ? HOBHeptr@f% Bikeck. g.

am no acid poi nt nutoathicosudtjvatippeadivm.t h ratios |arger than 1. The ratios
were cal cul ated by dividing 25 the overall signal intensity in the given

mz versus r e efbtlfowf?%é e%mﬁle? etqﬁénctehﬁst "Blae ﬁ%ﬁﬁets ha?% 33964;1?&9 ?(pda' CEQhe

|ntenS|ty in he re eovera
m z versus rwdentandmgtdfitee present infenting, trheftmeeqqelee pEwhishgs (s@ @rthrm the

backgr ound Sa!pgélﬁied@}h%nk Qt %Cdﬂd&%td&‘a'ﬂ%eﬁ rﬁ&ﬁ'ﬁ'@a&ﬂoﬁ@ cHHbd RAdAR Re ﬁFoQ}Héh?rbé ion),
the ratiois e It e over intensity of the sample in the

0
corr edPondi st r"&ﬁt@u epgj‘m%ﬁ%mihel@“ilw Fthgpmgention. - 21 - Table 1:Data for
all differential peaks with a ratio >50. |Ink start mz stop tine start

time stop red¢soriptional theSeguenaibisiipg 1 1061. 19 1062. 79

SEQ ID NO: 01 Anti-CCRS5 antibody heavy chain variable domain 1.
SEQ ID NO: 02 Anti-CCRS5 antibody light chain variable domain 1.
SEQ ID NO: 03 Anti-CCRS5 antibody heavy chain variable domain 2.
15 SEQ ID NO: 04 Anti-CCRS5 antibody light chain variable domain 2.
SEQ ID NO: 05 Anti-CCRS5 antibody heavy chain variable domain 3.
SEQ ID NO: 06 Anti-CCRS5 antibody light chain variable domain 3.
SEQ ID NO: 07 Human IgG1 constant region.
SEQ ID NO: 08 Human IgG4 constant region.
20 SEQ ID NO: 09 Human kappa light chain constant domain.
SEQ ID NO: 10 Human lambda light chain constant domain.

Description of the Figures

Figure 1 A representative temporal sequence of the scan event cycle for

25 data dependent acquisition of MS/MS spectra; abbreviations: FT
ICR - Fourier transform ion cyclotron resonance; LIT - linear ion

trap; CID - collisionally induced dissociation; RP - resolution

power; SID - source induced dissociation.

Figure 2 Total ion chromatogram of tryptic peptide maps from a reference

30 anti-CD19 antibody (reference) and a sample anti-CD19 antibody
(sample) acquired on an LTQ FT ICR (Thermo Scientific).

Figure 3 Overlay of LC-MS chromatograms aligned by retention time of

prominent peaks. Data were from tryptic peptide maps of two
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anti-CD19 antibodies (reference and sample). A and B are mean
TIC profiles of two replicates each.

Figure 4 Scatter Plot showing the differences between sample and

reference anti-CD19 antibody.
5 Figure 5 Zoom of Figure 4.

Figure 6 Assigned MS/MS spectrum of the sample anti-CD19 antibody
HC amino acid sequence fragment (y-ion series and b-ion series
of collisionally induced dissociation of the doubly charged parent
ion). Characteristic MS/MS fragments for the amino acid

10 sequence variant are shown in bold.

Figure 7 Assigned MS/MS spectrum of the sample anti-CD19 antibody LC
amino acid sequence fragment (y-ion series and b-ion series of
collisionally induced dissociation of the doubly charged parent
ion). Characteristic MS/MS fragments for the amino acid

15 sequence variant are shown in bold.

Figure 8 Extracted ion chromatogram of natural amino acid sequence and
the amino acid sequence of the sample anti-CD19 antibody HC
amino acid sequence fragment within the LC-MS sample run.
Result of quantitation: 2 wt-% of mutant amino acid sequence

20 (variant) is present in the sample.

Figure 9 Extracted ion chromatogram of the natural amino acid sequence
and the sample anti-CD19 antibody LC amino acid sequence
fragment within the LC-MS sample run. Result of quantitation:
0.5 wt-% of mutant amino acid sequence (variant) is present in

25 the sample.

Figure 10 Overlay of LC-MS chromatograms aligned by retention time of

prominent peaks. Data were from tryptic peptide maps of two

anti-CCRS antibodies (reference and sample).

Figure 11 Scatter Plot showing the differences between reference and
30 sample anti-CCRS antibody.
Figure 12 Extracted ion chromatogram of the natural amino acid sequence

and the sample anti-CCRS antibody LC amino acid fragment
within the LC-MS sample run.
Figure 13 Extracted ion chromatogram of the natural amino acid sequence
35 and the sample anti-CCR5 antibody HC amino acid sequence
fragment within the LC-MS sample run.
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Example 1
Materials and Methods

Sample preparation method for the reference and the sample:
a) Reduction and alkylation:

5 250 ug of immunoglobulin in a volume of maximal 100 ul were diluted with
denaturation buffer (0.4 M Tris-HCI, 8.0 M guanidinium-hydrochloride, pH 8) to a
final volume of 240 ul. 20 ul of dithiothreitol (240 mM in denaturation buffer)
were added to the solution and the mixture was incubated at 37 °C + 2 °C for 60
minutes. Afterwards 20 ul of an iodoacetic acid solution (0.6 M in purified water)

10 were added, vigorously mixed and incubated for 15 min. at room temperature in the
dark. The alkylation reaction was stopped by the addition of 30 ul of a
dithiothreitol solution (240 mM in denaturation buffer).

b) Buffer exchange:

The buffer of 300 ul (approximately 250 pg or 3.2 nmol) of a solution comprising
15 the denatured, reduced, carboxymethylated immunoglobulin was exchanged using
a NAP™ 5 Sephadex™ G-25 desalting column. Briefly, the column was
equilibrated with 10 ml of a buffer solution comprising 50 mM Tris-HCI, pH 7.5,
the sample was applied to the column, the column was washed with 350 ul of the
previous buffer solution and the sample was recovered in approximately 480 ul.
20 Between each step (column equilibration, sample application, washing and elution)

the solution was allowed to enter the packed column bed completely.
¢) Enzymatic digestion:

48 ul of a trypsin solution (0.2 g/l in Tris-HCI, pH 7.5) were added to the buffer
exchanged immunoglobulin solution and incubated at 37 °C for about 16 hours at
25 room temperature. The digestion was stopped by the addition of 20 ul 10 % (v/v)

trifluoro acetic acid (TFA) solution.
LC-MS/MS data acquisition method:

The LC-MS/MS analysis was performed by chromatographic separation (LC) of
the hydrolytic peptides obtained in the tryptic digestion steps followed by MS and
30 MS/MS detection, respectively, using a nano ESI ion source from Advion

BioSciences as an interface between HPLC and mass spectrometer.
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The chromatography was carried out with the following parameters:

HPLC: Dionex Ultimate 3000
Flow rate: 40 ul/min
UV detection wavelength: 220 nm and 280 nm

5 Temperature of the column oven: 35 °C
Sample loop: 10 ul
Column: Dionex pep Map C18, 3 um, 100 A, 1x150

mm
Injection volume: 10 ul
10 Eluent A = HPLC gradient grade water containing 0.1 % formic acid

Eluent B = HPLC gradient grade acetonitrile containing 0.1 % formic acid

The applied gradient was from 5 vol% Eluent B to 100 vol% Eluent B in 75

minutes.

The nano ESI MS or MS/MS was carried out with the following parameters:

15 Nano ESI source: Triversa NanoMate (Advion)
Flow into mass spectrometer ion source:  approx. 200 nl/min. managed by a flow
splitter
Gas pressure: 0.1 -0.5psi
Voltage to apply: 1.1-1.7kV
20 Positive ion: selected

The mass spectrometric detection was carried out with the following parameters:

Instrument: ESI LTQ-FT ICR (Thermo Scientific)
Capillary temperature: 175 °C
Ion trap collision energy for MS/MS: 40 %
25 Tube lens voltage: 100 V
Dynamic exclusion feature: enabled (Repeat Count: 1, Exclusion

Duration: 8 sec, Exclusion mass width:

3 ppm).

A representative temporal sequence of the scan event cycle for data dependent

30 acquisition of MS/MS spectra is shown in Figure 1.
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The data acquisition range was 350 — 2000 m/z for MS spectra. M/Z range for
MS/MS spectra was used according to standard instrument settings. The number of
MS/MS spectra per high resolution FT scan can vary between 3 to 5. The SID scan

is not mandatory for this type of analysis.

5 Example 2
Analysis of an anti-CD19 antibody reference and sample

Data generation:

The reference and the sample of the anti-CD19 antibody have been treated
according to the Materials and Methods section. MS data has been acquired

10 according to the Materials and Methods section.
Data analysis:

a) Detection of differences between reference and sample using LC-MS data
sets

For comparison of mass profiles obtained for the reference and the sample (total

15 ion chromatograms (TICs), see Figure 2) SIEVE™ software package (version 1.1.0
from Thermo Scientific) has been used. Briefly, the TIC data sets of the reference
and the sample were aligned by retention time (Figure 3) and compared for mass
peak intensities within a preset retention time window down to a preset threshold
(Figures 4 and 5).

20 Mass signals different in reference and sample according to the parameters
predefined for evaluation are listed in Table 1. Mass signals present at identical
intensities in the reference and the sample appear at a ratio of 1. Mass signals with
higher intensity in the sample than in the reference (e.g. amino acid point
mutations) appear with ratios larger than 1. The ratios were calculated by dividing

25 the overall signal intensity in the given m/z versus retention time frame of the
sample by the corresponding intensity in the reference. If the overall signal
intensity in the given m/z versus retention time frame of the reference is zero (e.g.
no background signal due to active noise reduction during data acquisition), the
ratio is equal to the overall signal intensity of the sample in the corresponding

30 frame (e.g. hits 2-10 in Table 1).
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Table 1: Data for all differential peaks with a ratio >50.

utation 1; z
background, not peptide
2 | 1441.94 | 1443.54 | 36.043 | 36.343 | 68943 related, no MS/MS
triggered
background, not peptide
3 | 1989.61 | 1991.21 | 36.0909 | 36.3909 | 59552 related, no MS/MS
triggered
background, not peptide
4 | 1864.12 | 1865.72 | 36.0909 | 36.3909 | 55943 related, no MS/MS
triggered
background, not peptide
5 | 890.645 | 892.245 | 36.0909 | 36.3909 | 52340 related, no MS/MS
triggered
background, not peptide
6 | 1718.96 | 1720.56 | 36.0909 | 36.3909 | 52235 related, no MS/MS
triggered
background, not peptide
7 | 1347.59 | 1349.19 | 36.0909 | 36.3909 | 45291 related, no MS/MS
triggered
background, not peptide
8 [ 1110.76 | 1112.36 | 36.0909 | 36.3909 | 45107 related, no MS/MS
triggered
background, not peptide
9 | 1235.23 | 1236.83 | 44.5509 | 44.8509 | 36205 related, no MS/MS
triggered
background, not peptide
10 | 965.611 | 967.211 | 36.0909 | 36.3909 | 33871 related, no MS/MS

triggered

11]606.874 | 608.474 | 44.0258 | 44.3258 | 798 mutation 2; z =3
12| 607.21 | 608.81 | 43.8741 | 44.1741 571 mutation 2; z =3
13| 606.875 | 608.475 | 44.2013 | 445013 | 261 mutation 2; z =3
141 910.713 | 912.313 | 44.0258 | 44.3258 194 mutation 2; z =2
151 607.879 | 609.479 | 44.0258 | 44.3258 143 mutation 2; z =3
16 1910218 | 911.818 | 43.8741 | 44.1741 108 mutation 2;,z =2
17 1 601.538 | 603.138 | 45.6276 | 45.9276 96 not identified

present in both LC-MS
runs but with only
slightly different
intensity
present in both LC-MS
runs but with only
slightly different
intensity

18 | 735.059 | 736.659 | 53.367 | 53.667 42

19 | 1022.27 | 1023.87 | 6.84557 | 7.14557 40
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width:1.6

Parameters used for comparison of reference and sample LC-MS data with SIEVE

were as follows:

Frame m/z width: 1.6
Frame time width: 0.3 min.
5 Intensity threshold: 10000
M/z start: 350
M/z end: 2000
Search peak width: 30 %
Retention time start: 5 min.
10 Retention time stop: 60 min.

These parameters have been optimized for distinguishing amino acid sequence
difference related hits from false positive, i.c. non-amino acid sequence difference
related, hits. They only need to be adjusted according to the actual parameters of
the LC-MS data as they are:

15 1)  chromatographic resolution (frame time width), and
i1)  the sensitivity of the instrument used and the background noise
(intensity threshold).

Further the required sensitivity of the method, e.g. for the detection of very low
abundant mutant amino acid sequence (variants), determines the intensity threshold
20 to be set. Using e.g. a LTQ FT ICR instrument mutant sequences (variants) down

to 0.2 % absolute frequency have been identified.

b) Identification of differences between reference and sample using MS/MS
data

For identification of the differences found using the procedure as described in the
25 previous paragraph first of all the isotope peak cluster was checked for being
typical for peptides. Then, it was checked whether the respective m/z signal was
selected for generation of MS/MS fragmentation and whether it was identified by
the Mascot error tolerant search (Mascot ETS). Each tentative sequence variant
identified by Mascot ETS was checked and confirmed manually using the obtained

30 MS/MS fragment ion spectra (see Figure 6 and Figure 7).

Alternatively, if MS/MS data have been recorded and Mascot ETS did not propose

a sequence de novo sequencing was applied either manually or by using software.
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Example 3

Analysis of an anti-CCRS antibody reference and sample

For the determination of a single amino acid change (mutation) in the variable
domains, i.e. light chain variable domain and heavy chain variable domain, an anti-
20 CCRS antibody has been employed. The first or reference anti-CCRS antibody has
a variable heavy chain and variable light chain domain amino acid sequence
selected from the pairs of SEQ ID NO: 01 and 02, SEQ ID NO: 03 and 04, and
SEQ ID NO: 05 and 06. The second or sample anti-CCR5 antibody has the
following amino acid mutations (changes): in the heavy chain variable domain
25 (VH) the isoleucine residue at amino acid position 109 is mutated (changed) to
threonine (VH-1109T), in the light chain variable domain (VL) the valine residue at

amino acid position 52 is mutated (changed) to isoleucine (VL-V52I).

The sample anti-CCRS5 antibody has been spiked at 1 wt-% to the reference anti-
CCRS5 antibody.
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20 Table 2: Data for differential peaks.

947913 | 947.933 | 39.6552 | 42.1552 | 429464 mutation
948.414 | 948.434 | 39.6873 | 42.1873 | 312.837 mutation

DI | —

b) Identification of differences between reference and sample using MS/MS
data

For identification of the differences found using the procedure as described in the
25 previous paragraph first of all the isotope peak cluster was checked for being
typical for peptides. Then, it was checked whether the respective m/z signal was
selected for generation of MS/MS fragmentation and whether it was identified by
the Mascot error tolerant search (Mascot ETS). Each tentative amino acid sequence
mutation (variant) identified by Mascot ETS was checked and confirmed manually

30 using the obtained MS/MS fragment ion spectra.
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¢) Quantitation of identified sequence variants

The identified mutant amino acid sequence (variant) was quantified at the level of

5 the (tryptic) amino acid sequence fragment containing the mutation (variation) and
in relation to the original, non-mutated peptide within the same sample (see Figure

12 and Figure 13). Two extracted ion chromatograms (EIC) were generated from

the LC-MS data of the sample, one for the mutant peptide (variant) and one for the

native peptide. The extracted ion chromatograms (EICs) include all charge states

10 and all isotopic peaks of the respective peptide. The peaks generated by the
respective EICs were integrated using the instrument software (XCalibur) and the

arcas calculated hereby according to the formula as shown in Example 1.
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25
5. The method according to any one of the preceding claims, characterized in
that a further sample is provided which comprises the polypeptide spiked
with the polypeptide with a known amino acid sequence mutation and the
further sample is incubated and analyzed and compared in addition to the
30 provided samples.

6.  The method according to any one of the preceding claims, characterized in
that the analyzing is performed at a pH value of less than pH 8.0 and at a

temperature of less than 40 °C.
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nucleic - 28 - acid nutation, deletion, or insertion in a base triplet
(codon) wi t hllan Twimethed pecartiaade any Hne Af e hrsgeding clyime udiargteaizedit pept i de
conprising the fiphtlipneh1Ss 88 incudle8Fér MOhduré Rl 18 REREWEhNEe BroRQky REPt i de,
mheregg t he polyﬁegﬁ%dg 5con§r|ses t he smal | est q&gﬁer of ami no acid
sequence nut at i SRECHeT dpmip acid o8 EuflpoLa artis 2cigrargpddedr espect to a reference
sanpl e or predeterm ned am no aci d sequence determ ned with a nmethod
accordi ng td2anylhenectbdd edcardisg fo &y duk. oflddiths 1AonE), kbatadtorizadriodititing an

i mmunogl obul i n i.Si o idin t cel | s
compr i 91 ng-a. nuctapi. Sk ARabER RoRl wilh BRI Mg REPorhlEE T i ng
and cul tivati ng or tyeflewp lassticaicidyue fddadi ng a et hod according to any one of
clains 1 to 14, 15 d) selecting a cell producing an inmunogl obulin, whereby
the i munogligbulin GewBd Ia@@o%dﬁlg%o WRlohe i tRUPRBEJIRE cRthAhakcRrisgguence

mutations with respect to a reference s | e, cultivating.the cell
28 thatpc e compar?ng cornprleses over?aang of tﬁ% mass spectrornegrl S

c total 1on
chromatogram (MS-TIC) of the reference sample and ecach of the other
samples to be analyzed,

whereby the intensity ratio of all overlapped and aligned masses is calculated,
whereby peaks with a ratio of more than 10 are evaluated for being an amino

25 acid sequence mutation.

14.  The method according to any one of the preceding claims, characterized in
that the comparing comprises in addition comparing the DNA translated
proteolytic fragment peptide pattern of the theoretical amino acid sequence
and the total mass spectrometry ion chromatogram (MS-TIC) of the sample

30 to be analyzed, and amino acid sequence mutations are identified by adding
to or substracting from, respectively, each calculated theoretical mass of the

theoretical amino acid sequence the mass differences resulting from a nucleic



f) producing the pol ypeptide by recovering the polypeptide fromthe cell
200r the cultivation nmedi um
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acid mutation, deletion, or insertion in a base triplet (codon) with an amino

acid change.

15. A method for producing a polypeptide comprising the following step:
- selecting a cell producing a polypeptide, whereby the polypeptide
5 comprises the smallest number of amino acid sequence mutations of all
processed samples or with respect to a reference sample or
predetermined amino acid sequence determined with a method

according to any one of claims 1 to 14.

10 16. A method for producing an immunoglobulin comprising the steps of:

a) providing at least two cells comprising a nucleic acid encoding the
immunoglobulin,

b)  single depositing and cultivating the cells,

¢) performing a method according to any one of claims 1 to 14,

15 d) selecting a cell producing an immunoglobulin, whereby the
immunoglobulin comprises the smallest number of amino acid
sequence mutations with respect to a reference sample,

¢) cultivating the cell,
f)  producing the polypeptide by recovering the polypeptide from the cell

20 or the cultivation medium.



