Stability testing of antibodies Background information The pharmaceutical industry field has been very
successful in recent years with products based among others on enzymes, antibodies and cytokines
such as e.g. erythropoietin, interferons, plasminogen activators etc. The worldwide demand for protein
therapeutic aﬁ W8 es every year. Therapeutic monoclonal antibodtés" f‘FﬁA‘%@ﬁ%‘?ﬁ'oclonal
antibodies) are an important group within the protein therapeutics. They are referred to as monoclonal
because, in contrast to polyclonal antibodies, they are secreted by immune cells (cell clones) which
are derived from a single antibody-forming cell. A characteristic of monoclonal antibodies is that they
are each only directed against one epitope of an immunogenic substance and thus only against one
antigenic determinant and can therefore be used very specifically in the treatment of diseases.
Examples of protein therapeutics are the monoclonal antibodies Trastuzumab (commercial name:
Herceptin), Dadizumab (commercial name: Zenapax) and Rittudmab (commercial name: MabThera)
from the Roche Diagnostics GmbH Confusbsiyitiielingafadétantissed successfully for the treatment of
among others breast cancer (Trastuzumab), for organ rejection (Daclizumab) and to treat non-Hodgkin
lymphoma (Ritugisehubldardpeniicomonoclonal antibodies are obtained by means of complex
biotechnological processes. Degradation products may be formed during their production, formulation

and storage Whi@ﬁ@ﬁ%ﬁﬁ%&%ﬂﬁ&%ﬁfﬁédiK@@saﬁtiwe&éémidatme&ﬁagmﬁm well as
proteolytic cleavalies (Yan, &. 2t al, JyChramaton, AL164 (2007),103:164) Medifcqtiops of
biological produg S nlwlaf) résu In‘a change in the a lEljwfy and/or immun genlglfsy due 6 Sfuctural
changes in the FIIEEORSIBUBNLTEREYOBHPREEIRIETE aridrriestett. Threwuldnidsrdsmashisimaceutical
product is of degisivdrniposiance yaddifiordeestevactipnr THenefonain adoktabem b n tetdiled
investigation of theaModgs, o5 AGHAN oltdd asolulely Sssemtisia deterpingiths idgotityoRuity and
activity of proteify pased tuge In order(o use, e, saffly a5, erapeiti agenis, elough mavs
can be successfufl’ ﬁ%‘i’fséd e§ means of various separaﬁon and festing technic et has for a long
time been difficLﬂﬂ@%fbswytaﬁa%fﬁ?ﬁ%ﬁwmm%é%Hbérsel&Rlpl}q@Bé}ngé@é&féa’%%@-High
Performance Ligirgl<hrobodiofraptng) ddlsapdratetantiboaispacim dHembelicyaribas theydifications of

the antibody are,qftenpreieatsindiianenuslydiyingde souwse e drgtadatiar.nmeasss which

makes it more diffllcult to gtngxliysaenghe divgr e chror’gat%gggg%c and eLecErS()eBhv%reth gc?ﬁ‘gﬁ' Analysis by

means of liquid gﬂr)(()rar%f%grapﬁlc < f)rélfa lon Metno s%ouplecf%%%& resolution mass gpectrometers

(LCIMS, liquid ciir8hedfseashy rhdissasp drampias ol ipisimibrmasbicanst tin ewesclandss of the
various species andb¢diss fhcilitaesnihd identiticadorokihtcarpbodlyRatiansatDilommieddal et al., J.
Chromatogr. A, 1038 (2004k298:30RkuklB.0Y Bicinm SORORAIRASIIBR UMM agloRuliRedegrading
enzyme S) from {ne Iﬁ‘c%’i“%'bpmt??%%%s”fypt%‘}é’ﬁ v A ‘S’Ylh!;%ﬁ‘slﬁif'%%rrﬁ‘ier &910.88 Mac-1 or
sib-38, is a cystemé profease at speglaﬁ1 aWy cleaves the heavy chain 0 ya_mtlboéie_s of the
immunoglobulin® P8GR TigRsshRRH therSHRr Rl QupEra s is (RAEMREPE | et al.,
Biochem. 43 (2004)td5f40nbH5USYgkle B ophsists (HiB38rainino acids including a signal peptide
comprising 29 amino acids (von PawelRammingen, U., et al., EMBO J. 21 (2002) 1607-1615) where
an RGD motif isTheragelily theoamihadcidat@idllie 216 |ddclehvés humans |G (dasplex
immunoglobulin hekwee ﬁgﬁ&&@d%@é@ﬁ%@?&@m@m}wa@ffc@fﬁeapammgdtmime o
recognition sequen&sﬁLLG P. ﬂ@oa}lnalrgf%%olgcel% e Qet\%/t%g%h?oaméggss%gl héeal%r}gj}iecgnd glycine in
the recognition RSHF PV AGE RN AAtBOURES 0 t5e TGS 25 ahd IgE3 1P are also cleaved
(Vincents, B., et8H, BragigsHonsrezeionns1 552l 554 teudc rleaveges) (faas8-9 K @t dt., J.
Microbiol. Meth.CHyd2Q65%) 28412R1)2@)50rt 35mats Hedifiosdopicahbtbbdital getduiinimgithe
enzymatic activify,of 36y he Al RLAFLRALAP RRs SheSHPmety s rebrpealidgayhich was
isolated from S..kgyggen?s an hasfa}%IgG stein%oparglte S€ cttivity is reported in the US
2007/0237784. R &R 01 6ring Pt O Fab fragmerts of antibodies is reported in the European
Patent Application EP 1,458 861. IdeS protease from group A streptococci is repoyted in WO
20061131547 TP G PHP BB BERE Gt A SRR RSE ARG ibodies and
antibody fragmeitte diomoditieaiofsringdstitinraiatibdeipiied anyarrignsiontrf tastndss M 3Ee™ Homprises the
following steps: R)apsoNitHnG Rt pledmieichi sothaidsmaityaptinedyndndidrniisofipmtagebpsediucts, b)

incubating the Sﬁmgqrp&?&g?&iﬁg%ﬁﬁwmas therapeutic agents.



i) an 1gG-specific cysteine protease, ii) a glycosidase, iii) a reducing agent, c) analysing the sample
incubated under b) by means of a coupled liquid chromatography and mass spectrometry to detect the

intact antibo ct fragments or modified forms of the antibody i ' solution
WogREe SRR

provided under a). In a first aspect, there is provided a method for detecti les and 1gG
antibody fragments in a sample, characterized in that it comprises the following steps: a) providing a
sample which contains an IgG antibody and/or IgG ‘a?'lfibody fragments, b) incubating the sample
provided under a) with i) the IgG-specific cysteine protease IdeS, ii) N-glycosidase F, and iii) the
reducing agent trichloroethyl phosphate and formic acid, whereby the incubation in steps b)-i), b)-ii)
and b)-iii) is segaihtiafly, mp\bnalysegsthessirpla ntpbatep maser &) byimsaepayiidocougpled liquid
chromatographmaggnééﬁlﬁﬁr%gtﬁemtwg Q%EQ?H&%RWQF@EHRQG%?HQ/ phdagataslfgaments of the
antibody contalrl%gLE the s%ménle Eﬂsﬁsgémd L&):cer dEJ on @bop ment of the fneth d the
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IgG-specific cysteine protease s n afurther em ent cystelne protéase is derived
from StreptococEiEOFBESIHEE BT FEPHIHEN TR HRAHICERSCIRS- AP HeNFRHET BBaRsigRs I‘éfG-speuflc

cysteine proteaskehasithelpatinofan ¢ eseuiesi e BinEol DI NGinynbtheswesa hddinent:detivprises
incubation with po'&% %ﬂﬁ@ﬂl&&yg@a@ﬁo@mﬁﬁém%% ga&%@&w&%éé 25hRiS affyanother
embodiment the% r}% §tw§ r}}gl-{ nd 8.0 and |n a. urli1 er ertn odi ent betvt\zeen pH 7.5
and 8.0. Inyet a FREPRIRBb diPReR tHe Phoﬁa ratio of tﬂelll spe’é? cac()})%fiéa neC Sre(gtaergs“énto the
antibody and/or BHIRsdy sPagieents Bortighe i ioBampRe |§H§é‘t¥/9§"é‘ﬁ613251&4?ﬂ§ 2Bawdpreferably
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meningosepticu n.a is the glycosidase Endo H an
is employed at ar% étweehe%éb f (“3“60? alt()% Ezegrgg%b%men  glycosidase has the amino acid
sequence SEQ |D NO:2. In another emb nt the method is, characterized in_that the sample
provided under ﬁ’f’scﬁ'rsé‘ffﬁn gfgﬁefﬁ‘fd%{rig] ‘ﬂﬁ‘é’%%tg EBe%?ﬁ@é%@ﬁWoéa%%n&ﬁ is
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trichloroethyl ph%pba@(ﬂE@Ep}oAmthat gretiadithetibisdhaik the ve dhiin gfagebbiiaddest
cmbodiment s (e chu RO T A m@%%'l‘ﬁ“%;ﬁﬁ%ﬁr%%?é?m na
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spectrometry (ESidsOPyludipat a feighdr esfsislintomprisingui? carinmtégidipiyas alaystophobic
interaction chromaingiagdy OF act-aintEkaBioN Argpoamgra@hysig)thehersencREDydrephibic
interaction chropafograph ytﬁeeaqnﬁ%ﬂ@mramy figang. 'nré@ta%%@%%g}?ﬂgé qitfey C8 or 018
ligand which is hound t material ha ée@g %tr ms, or in the
case of tr-r mtergﬁﬂb‘f’?g fﬁ%%%ﬁh%%m&oaﬁ P%/% é % b 3fa further
embodiment eith‘efl@iyaé|%¢@18Q%Mﬁﬂ?éﬁ%%bi«%@§é“€@'b&%ﬁ petieapteny! column
is used for the ligwig chiohatgdananhand Rirsui dipherylrealgnitols usedfirPaadRer ubediment. In a
further embodm},%%@d&@s bt fyemataara &w@,@@a@) AIERISR PAREERQMAtagraphy. Another

aspect of the i |n tion is c&) ng modified forms of an antibody wherein step c) is
analysing the s efﬁcﬁ%ﬁ@%ﬁh b%ef‘/% eans of a hydrophobic interaction chromatography. The

disclosure addltlonalléencomp ses the use of and IgG-speci ftc gﬁﬁemz r%rotease for detecting
h

antibodies or antibey fraghfbnts 5l Sanfh i dn Al & et I1EBBE8d with the
lgG-specific cysteinespeotemsepanetifosr forcdeiatoininighke glytositipsditie sfdgetentth dbtained are

analysed by megasfsEcounient liguid ghramaiasranhyoidptassvpactamediytdd€rse, $n a second
aspect, there is prgyided tgaUSGO" 1 196 -WeRHie CYRRDIe PIUIRASS WeRfamdbtigpiagoceus
pyogenes US 2007/0237784. A method for forming Fc or Fab fragments of antibodies 1s

reported in the European Patent Application EP 1 458 861. IdeS protease from

group A streptococci is reported in WO 2006/131347.



for detecting antibodies or antibody Lagments in a sample, characterized in that the sample is
incubated with the 1gG-specific cysteine protease and, after incubation with N-glycosidase F from
Flavobacterium meningosepticum and a reducing agent and formic acid, the fragments obtained are
analysed by means of a coupled liquid chromatography and mass spectrometry. There is also
provided a kit for detecting antibodies or antibody fragments, characterized in that the kit contains i)
the IgG-specific cysteine protease IdeS from S. pyogenes and ii) the endoglycosidase N-glycosidase
F from Flavobacterium meningosepticum. -4a- In athird aspect, there is provided a kit for detecting
antibodies or antibody fragments, characterized in that the kit contains i) the 1gG-specific cysteine
protease ldeS from S. pyogenes, and ii) the glycosidase N-glycosidase F from Flavobacterium
meningosepticughhadeurth aspect, there is provided a method for detecting modified antibody forms
in a sample, characterized in that it comprises the following steps: a) providing a sample which
contains an antibody and/or its cleavage products, b) incubating the sample provided under a) with i)
the 1gG-specific Bysirrsns dissiesaeldsscripre g eskiddon deteihaendenbnspagentbeéioroethyl
phosphate and faugiteagidr wadifiby fhenineidratintbiodgtieps sajai)) e Fhdracdriedijristet quential c)
analysing the sample Ln%%%gt% O%Q%%Qy means of a hydrophobic interaction chromatography and

thereby detectin§D 6ditied antl ody s in the sample. Detailed description
a) pfoviding a sample which contains an antibody and/or its cleavage |

products,

b) incubating the sample provided under a} with
1) an IgG-specific cysteine protease,
i) a glycosidase,
iii) a reducing agent,

¢) analysing the sample incubated under b) by means of a coupled liquid
chromatography and mass spectrometry to detect the intact antibody and
to detect fragments or modified forms of the antibody contained in the

solution provided under a).

“In a first aspect, there is provided a method for detecting IgG antibodies and IgG
antibody fragments in a sample, characterized in that it comprises the following steps:

a) providing a sample which contains an IgG antibody and/or IgG antibody

fragments,
b) incubating the sample provided under 2) with

i) the TgG-specific cysteine protease IdeS,

1) N-glycosidase F, and

1i} the r_eciuciﬁg agent trichloroethy! phosphate and formic acid,
whereby the incubation in steps b}-1), b}-ii} and b)-iii) is
sequentiaily, | |

-~ ¢) analysing the sampie incubated under b) by means of 2 coupled liguid
chromatography and mass spectrometry to detect the intact antibody
and/or to detect fragments of the antibody contained in the sample

provided under a).



The present study is concerned with the analysis of degradation products and modifications of
therapeutic, monoclonal antibodies, which are for example formed -5.. during the production of the
antibody, the storage of the antibody, or by stress €8nditions during the formulation of the antibody. A
"polypeptide” is a polymer consisting of amino acids which are linked together by peptide bonds. It can
either be produced enzymatically or synthetically. Polypeptides containing less than 20 amino acids
are also referredip g 'REPSSIESen o IRIRIIRTHE P RRAGOIEE eyithich sRiRtalasiNMRDITMgre
polypeptides or ikjg g polypepiienieh is compaserl.ol mate ag.l00:amine 8hids, A pglein can
also contain non-peptidic components s_ucgfs'n.as e.g. carbohydrates. Carbo yﬁlratespand0 o‘_f er
non-peptidic modWREREHSart SRARST B\ ERE G Whitst axpdbegesmreBrataintn deheRae s depend on
the cell type. In thisteipplicatieerot e smie dafidecqbyntrefiEaniin dVatid Seqtkenembvdiditoations such
as carboh_\l/d t:a}_eacﬁf@m% @ﬂ@ugmyoelea@ﬂb@ell hg@mg@ycﬁiw&y&i&;sep@%g&%e%e ﬂ@én};ﬁ'aaalﬂg@ﬁy"hand
"Immunoglobulin’ that arg use nenymaously within thi ication describe a m e whic
contains at Ieas?btstvgo‘? ?nh%éjgl%%eiékfg cﬂ(ﬁl}r{g (ff_r&%og{% i E%%p T e & Begvee?]gi%l%cﬁ

two heavy pofypeptide ¢ S &IEach of the
light and heavy gdlypaptitled comtammsebadimpiat Ssistean drially tRRGsiholferrainaisiorthse

polypeptide) whiemtoditairs biedingadoataing foe bgitispgaficantigar Eackraf thetroawbadg light
polypeptides confains-a.aapstaniregien{nermallydhe esrhaxpierminughthepolyaensisis), which for
example is respangible for (ne,bindigof the appbady fa gells- 4 ldht polypgpide org ighi chain (LC)
is normally comp?osed 0 _Ya Vanable domain \}L and a constant domain (o{l _ g{fyy poﬁypeptide ora
heavy chain (HO\réliensisans EofRptzea &-aARRthpccatndimsnt Mneharedadtaftredhod Wisich inturn is
composed of theNdglyaisidasHE, hingeiveH2p@HBaanbaoptiomal iy Skigofeptiboci E &\ 2GCtRIr in
numerous fOfmSﬁEﬁB.ﬁ%Eﬁ’). E@Qné@fér’%ﬁﬁ%@i%ﬂ‘@g B2 Igl Q!@i&ll@iﬂﬁcgéqlf\ﬁ]&q'sge sieB.af-S., etal.,
Proc. Natl. Acad. S?—k‘ %%%56(69811%2 ??719-588 ; rBlrd, o egg& Sf:lenc 234 aﬁlt 88 ,§23'426; and
Hood, L. E., et af Ammunology, Benjamin N°Y°, ndeﬁgﬁlor_l ff 3 éﬁ'&"ﬂun&am er T and Hood, L.,
Nature 323 (19839@5@6995&%%@%&&ﬁagtbﬁwﬁéf’@wr& diomsthasés vhasatetirgdsas _
depending on thehramhecasileyeguiiedainiithe)dofistdnineghared hilvelieawvitictiaihetf-theciitibody: 1gA,
IgD, IgE, 19G anw%égpm&gttaﬁaeiylmﬁmwrmb%waﬂw@k?%@t@;&&%%%mwes) eg.
IgG into IgGl, 1gG2, IgG3 and IgG4 or IgA into IgAl'and IgA2. The constant regions of the heavy chains
are -6 - referred to as a (IgA), 5 (IgD), E (IgE), y (IgG) and [l (IgM) depending on the class to which
the antibody belongs. General chromatographic methods are known to a person skilled in the art e.g.
Chromatography, 5th edition, Part A: Fundamentals and Techniques, Heftmann, E. (ed.); Elsevier
Science Publishing Company, New York, (1992); Advanced Chromatographic and Electromigration
Methods in Biosciences, Deyl, Z. (ed.), Elsevier Science BV, Amsterdam, The Netherlands, (1998);
Chromatography Today, Poole, D.E., and Poole, S.K., Elsevier Science Publishing Company, New
York, (1991); Scopes, Protein Purification: Principles and Practice (1982); Sambrook, J., et al. (ed.),
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 1989; or Current Protocols in Molecular Biology, Ausubel, F.M., et al. (eds.), John
Wiley & Sons, Inc., New York. Antibodies are biological macromolecules which may be subject to
modification and degradation processes. These may be based on either enzymatic (catalytic) or
non-enzymatic (non-catalytic) processes (Perkins, M., et al., Pharm. Res. 17 (2000) 1110-1117).
Examples of non-enzymatic degradation reactions which often occur are described in the following.
Oxidation of amino acids The oxidation of antibodies corresponds to a covalent modification of the
amino acids of the heavy and light chain which is induced by reactive oxygen species. Even if almost
all amino acids can, in principle, be oxidized, methionines (M) and tryptophans (W) are the most
sensitive to oxidation. The oxidation of these amino acids (see figure 1) is of particular interest
because this occurs in very many different proteins and often reduces or eliminates their biological
activity, induces aggregation and promotes proteolysis (Houde, D., et al., J. Chromatogr. A 1123
(2006) 189-198). A simple oxidation of methionine to methionine sulfo;cide results in a mass difference
Am = +16 Da for the oxidized species. Tryptophans are usually oxidized twice which results in a mass
difference of Am = +32 Da. In a further reaction the double oxidized form of tryptophan often
rearranges to kynurenin resulting in a mass difference of Am =+4 Da. 7 -



Deamidation of amino acids Deamidation of amino acids in antibody molecules can take place on
asparagines (N) and glutamines (Q). However, it is usually asparagine which is affected. In addition
certain amino acids sequences and amino acid combinations such as asparagine and glycine (NG),
asparagine and serine (NS) and asparagines and threonine (NT) are particularly susceptible. The
deamidation of asparagine is the main cause for the degradation of biological molecules during
storage. Deamidations of the folded, intact antibody initially occur only slowly under increased stress
conditions. Deamidations are facilitated when the three-dimensional structure of the antibody is
destroyed such as for example after reductions and enzymatic cleavages because in these cases the
amino acids are mabvediceessibldsto teactiensditing e sot outdikdoneetivhplicpha ). (ASERagines can
LOfg‘ ‘fyc“ct amid‘?ﬁ%ﬁﬂé‘éﬁi@iﬂﬂg&&é{lﬁt@?diﬁﬁmtﬂ}?Q&ﬂ%%ﬁ@%g@? L%f%lé%\/\é@fﬁhl%@gﬂt?g}e%%wl_ 5
ydrolyse to a mixture of ispaspartyl and aspartyl peptides in an approximate ratio of, 3; elius, D.,
et al., Anal. CherfP3q )Bé'ézg%dﬁ){%?%@résa&?o Sﬁﬁﬁ?g‘grgﬁgﬁyag%%Sié pﬁr\(t/%frues. A
mass difference AmbodinteDzifchihthddasnkision wiibdbs ensEraRERdS EbR SCRRITABHAG of ~
asparagine to asggHetsr-andrisqaspaciater bnibsdeasetahpantidlespancopretsirs whidhchaypraymolecular
weight of more than.10.kDa,.it is impgssible or very difficult to diegtl ect s di e of Am
=+ 1 Da using B R n?éné% speé r%‘r?lefre]?é? A 5&%%%&% chan af(::ac?}sih &ﬁclh_ ?tgseadisﬁt%%&gt%on, to be
more precise of tReePRiFfEhetEregdiig o ETRDESEARESN & thf’oegﬁ%qfﬂB 8B hetETTRATHh of
non-reducible thigktbgrabisgsisyisra phe hnerectomwhiomi dprepiently osersediwiltydnopainal
e cohe sl thasecal e bt lo Crloiiss bR e amiednseiof ifailarin the
disulfide bridges which link the e%a% Ig%{hchﬁms§ an antl'f)od% tgé%egler or, ng.llcga . .
intramolecularly SEbsfiZe4RTiGHEA R é\’k} SROPRiLS o TS REBTRIN AREISBHY TS ared under
increased stress pordifiensf 380 Angsisovas v dpsbiatgsalavaiaimaiepueyommstegamteththat such
. areaction is a 13:gligpiaali Qp@qﬁghdsg_.a i gheshl Alfar{dndm . aSHEthE? TAAAIRAT Gifif 7). Since a

sulfur atom is lost during-the formation thi j S I j [ of Am =
-32 Da for the no?ff. é[ ﬁ%:él ,Cr?:fo'l et E%gg&yosﬂb&é%e%g%%%&%ggégﬁ #éhigt is%o% u%%%%ﬁ%ge (S-9)
_ 8 - cleaved into W9 &1 Groliged s Rt Sl GF S HRBSEY. FOM BRSSO iting
mass difference fanbediraestahtibditytbampasetitsdstAnthe -Bguih cEomettgraphirag siepts) 2
Stress-induced fragmentatiop rgactians-arsnysualbihasagdon bydrelvicsisaxages plthsdeptide -

bonds in the polypeptide chains of proteins. e.g. of.the heavy and light.chain gf an aptibody. .-The
proteolysis and t%f%%%?%gé %’Fﬁgp daéx%%%i’s%gmw%%ﬁﬁc%% %3 ﬁfla%gsgiév%éeeﬁa é?g:mino
acids, especially ihsubrtedarnsisn torsigecenania by StARhehif iR SECROREBIRTEROSITSTS are present.

Specific cleavages of antibodies Monaclonal antibodies are very large proteins and, furthermore, are

extremely hetgrog@?ﬁe@ﬁ&@ﬁ‘ﬁ”@réﬁ@@@i}}éﬁ@f?}’mﬁ@% %@Wcﬁ%@éﬂﬁe@@ﬁ%‘ww&ﬂf&ﬁ% In .
~order to examine @rﬂ@E@Q@@Ef%ﬁbgcﬁagmﬁaﬁﬂwmgdgﬂﬁﬁw&wm&aﬂﬁmﬁdﬁww&ﬁ l&gxpedlent
(0 cleave them N0 TARBRER 3,0 BIE HhS.Ahaive ca'r%y;féa&r@, 5:ihe claavage ohentheslies as part

of the sample preparation is an impaortant metfiod ying ou an%)]/élcal investigations. In, most

cases the antibod§i8 &iBBRPHERSmBGSEaSTERTS PREARFS A1 GRECREM B hPER BbA SPHRdisulfide
bridges. In additidintid rbramsategrephs ralsoastrperiretody. fétalening sacenttibpdyt, Clemaiage of
disulfide bridges A disdfisleREdgasaecuspngno antgi molestadtanthmdeayedyiedystionssThe.
free heav;l; and Llﬁlﬁ%%mh%%f&é%%&@?ﬁmw ﬁwﬁ&%@@w&%&g in 1 disuifi |
Tris(2-carboxyethyl)-phosphing | is.a reducing agent that is often used hecause all disulfide
bridées of an{;n ¥ %ﬁ?g%ﬁﬁb%’é%%l&@e e\%#ﬁ#’%cs or Sp%nr]ﬁ) %gr@l%ﬁf%%l’e;%l%tion occurs over the
entire pH range (segbeign Mt N fycandabtdU GrianarabBioeHamInReSPiood 181 10). In one
embodiment is thespH, (ANQE: of RN 348, $e sRihiatheiahPd Lisipdee whatasterized by a rapid

cleavage of disulfide bridges. However, the DTT reduction in an acidic environment only proceeds very

poorly. A denatufht SR R AR TERIRSERRY 5L BIRH BE TRE des0ciation of the heavy and light
chain. The denaftyation.addilienaly makes thecdisylidggupsrmaibcgdessiblets] Heudetaiuedtion
can for example;pengatkierhidnwaiths the aid of guanidine/HCI or formic acid. - 9 - Enzymatic cleavage
Papain, a cysteine protease, cleaves peptide bonds relatively unspecifically after arginine (R), lysine
(K), glutamic acid (E), histidine (H), glycine (G) and tyrosine (Y). If the incubation period is sufficiently
long, the papain digestion lepgls te iptaliiveralisiss Idewridesahtboslipsaandasleaved relatively
selectively in their hinge reqiﬁrt)nby Iinfited%te{glﬁfgél“ tts%ef‘gh (= agga gg%lsm J.W., "Bioanalytik
- Spektrum Akademischer véi agﬁ TGRS Edition ( b%f . -8?4;2.1&?% cleavage occurs on the
N-terminal side of the disulfidenirgRgerigieh connect the two heavy chains together. The disulfide
bridges are retained in this process so that three fragments (2 Fab fragments, 1 Fc fragment) are
obtained after the digestion. The two N-terminal fragments are referred to as antigen-binding
fragments (Fab, antigen-binding fragment), the C-terminal fragment is referred to as the crystalline
fragment (Fc, crystallizing fragment). Each Fab fragment is composed of a complete light chain and

the amino-terminal half of the heavy chain. The Fc fragment is composed of the two carboxy-terminal
halvvae of the heawvw chaine which are <till linked toaether by the diciilfide hridne



IdeS digestion IdeS (immunoglobulin G-degrading enzyme of S. Pyogenes) is a cellular cysteine
protease which can be isolated from the pathogenic bacterium Streptococcus pyogenes. This enzyme
cleaves human IgG with high specificity direct§@before the recognition sequence GPSVFLFP. This
sequence is located in the hinge region of IgG on the C-terminal side of disulfide bridges which link the
two heavy chains (HC) together. The cleavage results in the C-terminal ends of the two heavy chains
(2 HC-Fc fragments) and a Fab" fragment which results from the arms of the Fab fragments of the light
and heavy chain that are linked by disulfide bridges (figure 3) (von Pavel-Rammingen, U., et al.,
EMBO Journal 21 %2002) 1607-1615). If the 1deS fragments of the antibody are reduced with DTT or
TCEP after, @é}@% f6h &?{fb"ﬁé?‘?ﬂéﬂ‘é‘iﬁ%r riaqEngAnBRRjee L @yikady firemetsrminal fragments of
the heavy chains & E&by&rd 8Bt4iR%d instead of the Fab" fragment. The C-terminal ends of the
heavy chain (HG-Pc) are_ nqt affected by the reduction. - 10 - Deg)vcosylation The enzyme
N-glycosidase F is a so!E5itEY SREGH S0 8eisa MshBrerely Riessnes offithe sugar structures of
glycoproteins, e.g. of thie theglgywitaie bt gpithadies hepresnthapolrentide chain.and the proximal
N-acetyl glucosamine residue. In order to simplify the very complex mass spectra that are sometimes

obtained in the analysis of mixtures of various protein or peptide components by preseparating the
componentlglimi%ls%gﬁsé)é;ﬁ%%ifgg ?B?Yé?%’gﬁéf'ﬁféﬂdiﬁoééﬁi Hﬁﬁé??ﬁfﬂ%‘ii&mﬂ’%@ﬁ‘épmgraphic methods
(LC/MS). For thig’ purpose Rig Bf’ﬁ?ﬁﬁ?élﬁﬁgé Llqwing sifeised among others to separate
mixtures of dissolved sufsstanc s accordjng to their components before the mass spectrometric
analysis. As a result of t {:‘?ofﬁgtaosgaﬁéﬁi R SRR, 20r 4 DR SR PRk alevase RiefgBnents leave
the separating column at different times and in this manner can be analysed by mass spectrometry in
the order of their elution®Anhetng e imrle Praidebruiio tistelution profile is obtained by coupling
chromatography with mass spectrometry. The advantage of this is that one does not obtain a complex
total spectrum of all components dfetfeGaapabifie selutiombutsatdes,in the ideal case the homogeneous
spectrum of a separated compqgemg{g&giggggﬁospray method (ESI) is a frequently used ionization
method for converting dissolved molecules into gaseous,ions-in mass spectrometry. This is achieved
by dispersing a liquid in an elecdtrOSETREHRRG teraLIRGRlFas W /ehgsriaisradiatminegiged droplets which
contain the analyte molecules avefebnize incihisiaracesss Mhg fnmakion)of hiohly.charged ions is
characteristic of the ESI process. Hence in the mass spectrum of a defined protein species one

observes an entire seriey aitdnsisgnaleRAE WL GHaos) SITREEACE A% i d@s a rule by addition of
one proton in the positive lrg%gla%t%rn s botlrna(t:tlon gf one proton in the negative mode) according to its
molecular weight. The spectra of Proteine ShEar A ALITERs Asiteapmmaditetany brik &aped charge
distribution of the molecul& fesnsarPie maximum of the distribution depends on parameters of the ESI
mass spectrometer, on the pH of the solvent and on the state of denaturation of the protein. After
cleavage of disulfide bridges and as a result of denaturation, proteins adopt a spatially more expanded
structure so that HEGHESEHIEEEREAR be accepted (or released) by the molecule. The maximum of the
charge distribution can therefore be shifted to higher (lower) charges. The number of charges n of a
multiply charged The @&t sHdRdseaer@ sAona sl Sranvanghrivni cdssrsdasinouknetittorante
measured m/z ratiogiffdtioinany thesapemseantinedoalantasddnis, (M2nary Ghrechargeisdbution: M +
nX formula 1:- M + (n-1)X




formula 2:m2 - (n - 1) X in this connection is the mass of the charge carrier i.e. X = 1 (in the positive
mode) for the addition of a proton and X = -1 (in the negative mode) for the subtraction of a proton.
The value of n can be calculated by solving the variable n and equating formulae 1 and 2: m2

- X
formula 3:n=WR2H ¥ nolecular weight of the molecular ion can be cafcul4EEE B 48ng formula 2
for M and by using the calculated result of n in formula 3: formula 4:M = n(mi - X) The spectra are

usually analysed with the aid of computer programs which can be used to determine the molecular
weight either from all signals or from individual selected signals. So-called reconstructions are
obtained as a result which show a given spectrum recalculated for a corresponding molecular weight
range (deconvoliiadspachadddimmofetilanileigit darnsnougbef ead offidirdgtlyrftgmtfees calculated

peaks. It was ng;v(\}/n%il{iggg ) QHQ%%IQ&W%F!E&%W&H&Q with the previously used methods can be

prevented by using a method according to the present invention. It was also surprisingly found that

using the enzyme.lddesS is advantageous for ¢ g}ﬁ QO g/Mﬁ analyses af.aotibadias, 112 - Hence,
the first aspect Of t 8-% r%%tén% inve ?gnmfg gofrﬁ%ti]o% Tig#g]etgctiné ant%é% IS|¢es andl{'latgréﬁ(%ibor };‘1ragments

and modified foRfRHSEaktBdsieLtincaATsafHBR chardERisan iFtREP RSB oreSTREFBWIngG steps: a)

providing a sampédypeithes ontanivsiag!ess tihodOamiior #sddemalgepfodetts ahdertidaiodified form of
the antibody, b) incubating the sample provided under a) with i) an IgG-specific cysteine protease, ii) a
glycosidase A “protein” is a macromolecule which contains two or more polypeptides or it is a

polypeptide which is composed of more than 100 amino acids. A protein can also
contain non-peptidic components such as e.g. carbohydrates. Carbohydrates and
other non-peptidic modifications are added by the cell which expresses the protein
and therefore depend on the cell type. In this application proteins are defined by
their amino acid sequence. Modifications such as carbohydrates are not explicitly

described but may always be present.

The terms “antibody” and “immunoglobulin” that are used synonymously within
this application describe a molecule which contains at least two light polypeptide
chains (LC) and two heavy polypeptide chains (HC). Each of the light and heavy
polypeptides contains a variable region (normally the amino terminus of the
polypeptide) which contains binding domains for binding an antigen. Each of the
heavy and light polypeptides contains a constant region (normally the carboxy
terminus of the polypeptide) which for example is responsible for the binding of the
antibody to cells. A light polypeptide or a light chain (LC) is normally composed of
a variable domain Vi and a constant domain C;. A heavy polypeptide or a heavy
chain (HC) is normally composed of a variable domain Vy and a constant region
which in turn is composed of the domains Cyl, hinge, Cy2, Cy3 and optionally
Cud. Antibodies may occur in numerous forms e.g. as Fv, Fab, and F(ab); as well as
single chains (scFv) (e.g. Huston, ].S,, et al., Proc. Natl. Acad. Sci. USA 85 (1988)
5879-5883; Bird, R.E., et al., Science 242 (1988) 423-426; and Hood, L. E,, et al,,
Immunology, Benjamin N.Y,, 7™ Edition (1984) and Hunkapiller, T., and Hood, L.,
Nature 323 (1986) 15-16). Antibodies (immunoglobulins, lg) are divided into
various classes depending on the amino acid sequence of the constant region of the
heavy chain of the antibody: IgA, IgD, IgE, IgG and IgM. Some of these classes are
further subdivided into subclasses (isotypes) e.g. 1gG into IgG1, 1gG2, I1gG3 and
IgG4 or IgA into IgAl and IgA2. The constant regions of the heavy chains are



iii) a reducing agent, c) analysing the sample incubated under b) by means of a coupled liquid
chromatography and mass spectrometry to detect the intact antibody and to detect fragments of the

antibody conjai solution provided under a). The provided sampl le, be a
solution contga?r{ﬁr%g]% est%?lstibody, such as a reconstituted solution of a Iyop%‘ﬁl%%? %%@%%ﬁ formulation.

Modified antibody molecules have been formed in this solution during storage and lyophilization.
These modifications are among others oxidation andYeamidation of individual amino acids, formation
of thioether bonds and the formation of antibody fragments. The method according to the invention
comprises the incubation of the sample with different agents. These agents are used to convert the
antibody molecuteferaad tantilodyAdadight nadlietlosthtaink (et damplente definles fragments.

In one embodimgwmf&h%gﬁmggdg&fgﬁgncubation step is the cleavage of the molecule with the
IgG-specific cysteine protease IdeS, preferably the IdeS from Streptococcus pyogenes or Treponema

denticol. In & AheL B SIgHSd SMOIAILIBG e hiesllc 6/t pratamse hardle anino aci

sequence SEQ | : e inc lon with the lgG-specific cys protea kes place in one
embodiment in a%fﬁﬁﬁ&rﬁ%]?‘y\leseneﬁW%?Spé’ﬁﬁﬁé.lg‘.l?ﬁsaéﬂ??iﬁ BBéﬁer?eéﬁ?f'fﬂ'éeﬁﬁsé%%%ﬁgﬁ’f‘i)sﬁh the pH
range of from pH &40 1EBerifrwiasealso Folrishieg thempsiay rdliroliorkidd288ecifid wstethe protease
to the antibody nuplesulasdinshidingitimeeantibagh fiagNreiodd 3 Bislernlas) sholldbebgiween 1:25

and 1:2500, in a greferred embediment hetyeqd 1i25,and:1i 0% .08 SmpgHimRY hekihe method
the second incubation step is the cleavage of the.carbohydrates, from tge antibody fra nts with the
aid of a glycosidggé’!%%ﬁpe é?ﬁlogaﬂﬁeﬁtql%’tﬁga%o%‘iﬁggg g@?’jﬁ;@&%r e ‘?Ha%ré]r%’,
endoglycosidasel B2 isridoghycSsideisePrrificeipinn Burminiay R ditiases o982l eopeivnle ]
endo-Dgalactosy: hraeety Mogadsiosriming 1y didlestotn Maralnbadinddidithe oisldSgaag is
N-glycosidase Foal30 [qfared in a8 ENaresE:in anpemtedmerting Nacasidask s derived

from Flavobacterium meningosepticum. |n odggmegt éhe I(t/c%%igase }s E 0‘9%;0 sidase F2,
also referred to 24 BRI FIMEN 6 Bttt (- ng8B Iy RIS 18 28 o R u &Y R HFSm
Flavobacterium meningosepticum or. Chryseobacterium meningosepticum. In anotH\er embodiment the
glycosidase is E sidsRiploginad Fterraler WEEHAISTIHIRY Drusthis L it BRHBRAR
endoglycosidaseattid geailat o ir pnoStsepthmpeasaylivatuscdnoantither avmtoatin ésatahgiglygosidase is
acetyl-neuraminyl Jayeilassi Alsen efRiIpa i as RaLY apaimiciaser. e slill PRaMeramMbodiotent the
acetyl neuraminy) iy pjase: 5 dpived oM SiRatidum pelingena N ANRHch SRbpdingnt the
glycosidase is O-gllycope, idéen o-D-gaféctosymacet -a-galactosaminohydrolase, also referred to
as O-glycosidasea.rﬁ#SW%‘?ﬂb‘b&?ﬁ%’ll}?fﬁ@%-glycopeptide
endo-D-galactosylNacetyl-a-galactosaminohydrolase is derived from Streptococcus pneumonia. In a
further embodimEXLalogIEaBIRARCIESE C 3.2.218 or EC 3.5.1.52 or EC 3.2.1.96 or EC 3.2.1.18 or EC
3.2.1.97. In a further embodiment the glycosidase has the amino acid sequence SEQ ID NO: 2. It is
advantageous tolhstyidasissans tnsbrdisiveersapmpids it taalge-sprebifieaBgatein® e rdtinie and
subsequently to tgad dfwithhtheyalydasiteseiinvhizlitii thdtepdbe disnliidexygelygseais. deaved by

adding a reducing agent apd ﬁﬁ%‘ah@@!&sb&aﬂsﬂ@aﬂgﬁﬂgtygw@é%emap%&G&%@)gm 0BG
embodiment formic a%?}%?maﬁg d simultaneously with he&';lddltlofhof thg rggugmaggnt.nA
combination of |iEfL)I’R]t ' gf’éﬁ éﬂash%&%‘é‘&%{r%’%é&%s usee? foaanglyse e detined antibody
fragments that assidbtisittefismise ihdivRfuarfrisgine itderrd fepaitsrclipyOHENqidvERrdRbgraphy and
can be subsequeliffyreaterningd 4nd whas spectosmeliynitnenaeimbodigiedtaiernyassispectrometry is

an electrospray ignizatian:imer o iabenass Rsromeiey, (5S: QF). lepessmpodimens the - 14 -

liquid chromatography is S@/@fro hobic interaction chromatography qr. a 7r-.7rinteraction
chromatography.{%ﬁ(ﬁe]ég" é) ﬁ%?gep%lélaéi MRSTLREHY If%r%%%%%algﬁ%etﬁé?g r(gefnrg Sltsfaphy ligand
is in one embodiinanmeassdifieresedie FaHIGdR fRmibp tsidisedsacsicsa THRIRRSYr & ¥aRYerial with a
pore size of 300 aflgEk@Mai@r Whitle easksofiv-a riniardiffieanchrofmatograpity Radipherfytfigand is
employed as the, chromatngrantidigaig i i e RRimaneihen 2edvRitge ClBIGelan.r a Zorbax
300SB C8 column o¥ a Pursuit di%h#nlyl COlL:ﬁmn' m_&%eferred embodiment a Pursuit diphenyl column
is used for the lidGY BRESMABEIABI 58 Mvdhtioh additionally concerns the use of an IgG-specific
cysteine protease for detecting antibodies or antibody fragments in a sample, characterized in that the
sample is incubated with the 1gG-specific cysteine protease and the fragments obtained are analysed
after incubation with a glycosidase by means of coupled liquid chromatography and mass '
spectrometry. Another aspect of the present invention is a kit for detecting antibodies or antibody
fragments, characterized in that the kit contains i) the IgG-specific cysteine protease IdeS from S.
pyogenes and




i) the endoglycosidase N-glycosidase F from Flavobacterium meningosepticum. Firstly a reduction of
the enzyme:antibody ratio and of the incubation time was tested in order to optimize the incubation
conditions qf ezlo%gﬁggliggestion.jhe shortest possible incubation time angémk%ﬁg{eﬁ%&ble
enzyme:antibody ratio Were desirable for practical reasons because the presence of the enzyme
component in the digested antibody analyte solution can lead to interfering signals in the mass
spectrum that is obtained. The amount of enzyme uséd for the antibody digestion should be as small
as possible in order to avoid this. At the same time it must be ensured that the antibody molecule is
completely cleaved after the digestion. In order to additionally achieve the highest possible sample
throughput and D aapiidigetié sxiperaridatal time course, the incubation period should be shortened
while ensuring a complete digestion. The results of the gel electrophoretic separation of the digestion
preparations (cf. gl showediiative mainddagsniatcabrylicddRaleDslandakepirdbitda) which
correspond to thaexperiaderoduciRg! ideaglaarage welgamedadenall dogatidacagdivons. The
with a s fz esp?

larger main ban olecular weight of about 100 IcDa’co onds tQ the expected "Fab part of

- 15 - the antibod§HEn EHIHEIFEHRE R K FRANSERTE A7) R hAEhSRBRRIRES AR Atavy chain
(HC). The smallespaaigiizanddviiicinm GG aaspaiginofaabowr 26 KD&)isative sppeagiadsFeantiagment of

the HC. The resulis oithe(oahelectsarhonats serapatinn Ththe-gigistion propasaiigns show that the

enzyme:antibody ratio has a more ﬁ(;gngé §f£gct on mgll) e digestion. Withfggard g the efficiency
of the IdeS dige)sétllitlnlrrlk Qf%ﬁéev;pﬁf)ué pre ér%%grfs, the results%oc]c the SDS-PfA Elsgigtﬁatgtthe band of

the intact antibodRFRPRREIANE ) Lt cRife it B ThiAHR P AL AL ST N e oAEtio of 1:50
and incubation periodsedf GSey andntliidos: fifenidatione Grandgilitatethewhene thezytheeaantibody
ratio and incubatigierRgriRfisehddrand s (shuladre i Bidans &landR) dhedantpiplbeféact antibody

molecule has di%%@gé%ggiﬂee%% BRIl DcubatianRriofls Aetree laald fixgdiours and

particularly preferably two hours. 1t has also ttirned out that an incuhation period of 18 h and
enzyme:antibod§ 45819 : ERFCH B 0V B oS W PHB 1 P TSR In HE K ek e AURE SRR to the five
hour incubation &irihecsdmamidepnisiantiboevhtioshed fumanf enzinteeraedipsdyredictovhids to 1:100 is
preferred. An engygneiaesiRadiyatioyef 1650 niRaticeipiiyREieyTetdThpdGlMephidsednmethod

comprises a sample gieparalien MO s RereuAv ALl 95 SSRRAUB prd Agtecting
dégrac ple’there

stress-induced adation products. I_n]j)rlnmp er%lgre four pos &)i;le variants of the sample

preparation: 1. offRFHNE REGHEY RIS BRI AR ABBRYS PHY Wéo@ﬂﬁﬁ%ﬁ? TARSGNB Ut Etion of the
antibody; 3. IdeShdigestiddnteitspsaiss equemaseoisstiliniof deensidaton ! 4spieegieotsykatariajith
subsequent ldeSQgligestiparane rednctiar of prprarihadyprikias Wnaktoutdheditaelprerpgtation that
has only been regugete(vafienb lAnd e igecdinesipdapdiriuned RISRAIRAURRLATRALS) are not

suitable for the L anz(ig/&s of the antibo lutions bécause heterogenéou a are obtained
f

, dy s spec
due to the glyco SN B ﬁe‘é\)y%ﬁéiﬁ%h%ﬁ FREGRE fAsSsHfelt tgﬁhécidéll?mgt{m@asurement
and make the ardiysis nfole difficgdtdistidstiow sulsrisiaglpreesePbihalvherae hesergested,
deglycosylated, irdwged sample preparation is preferable to the deglycosylated, reduced sample
preparation because smaller antibody fragments are obtained which have a positive effect on the - 16

- mass resolutiopgithed /M dngasHipent and allow modifications that may be additionally present
to be located and allocated either to the HC-Fc or the HC-Fab part of the antibody. Furthermore, due

to the cleavage qfheaaneshaiN s RRRSNe dameliny the & ffech o mifrssetnsiicasd togifications
that may have o%curred on EFhe ckgom to raphf'c b?h%}/iigg .of the fragdm%g]ct) in ogcﬁr to f’)r(r:]gsrsove their

separation from ﬁ%%ﬁ%’fh% *No pr‘gg eMSTEsted from lgféiﬁsﬁ%éiféan ous Sijesg 0 éthq enzymes
IdeS and N-glycéﬁ(ii}aé@is.is based on the loss of a sulfur atom in the disulfide bridges which link

the heavy and light chains of an antibody together or which intramolecularly
stabilize the light and heavy chains. This modification of an antibody is favoured
under increased stress conditions and in this case especially at elevated pH values. It
is assumed that such a reaction is a B-elimination (Cohen, S.L,, et al., ]. Am. Chem.
Soc., 129 {2007) 6976-6977). Since a sulfur atom is lost during the formation of a
thioether bridge, this results in a mass difference of Am = -32 Da for the non-
reduced, modified antibody species. In contrast to this is this disulfide bridge (5-5)



It has turned out that for practical reasons it is particularly advantageous to firstly digest the antibody
with IdeS and then to deglycosylate. The procedure was changed in this manner for practical reasons
and had no sj ﬁigiocant ef];gct on the results of the analyses. Formic acid is@gﬁg (% t@fe{; ame time as
the addition of the QP@E}I% Solution, i.e. the formic acid and the TCEP solution Aré both added prior to
the incubation, so both components are present during a single incubation. In order to unequivocally
and simply detect and quantify the formation of degratiation products of antibody solutions, it is
advantageous to separate the respective degradation species. The quality of the separation of an
analyte solution is significantly influenced inter alia by the chromatographic properties of the stationary
phase. The quali¢afcthehressibgaphidseparat oatiwamasaasaaibodytifebasis efsthetiheak
resolution and p?@s‘ﬁﬂﬁ?@ﬂ%&i@&%‘%ﬁ&ﬂ%ﬁﬂ‘é@d@lH%y%ﬁﬁoﬁ%lﬁ?ﬁ@&nﬁhﬁ aglgns further important

parameters in addition to the polarity of the column matrix have to be taken into consideration for the
separation such ﬁsr%gdgge pggticlg ?zes should be as small as possible in order to achieve the
highest possibleﬁmuw%wﬁ%é. dition it should be borne in mind that antibodies are very large
molecules. Conseauiently theore size of the matix paridlgs also Plave A desisive Joig.when selecing
a suitable column: The larger egpores ofa ma_frlx artlcﬁe he easier it’ls for antibod, components to
diffuse into the pheBaRHfebPREFIRcSERONBERNHAGHAIRS rRFRIAN @ HehrbiRw a8 k&imn, which
was used as a reteriensieanclativodpoldiqotivesimpravé thentlof Hydrebparafipepatithecddgradation

products was objgingd Wb i Yidas&denlumasindesihe eprianedrhepmatogsaniicigenditions.
The Zorbax BOOShB C8 Qa%ha different chr mat(;%i_la r{iﬁ selectivi%etnt}an the Jupiter C18 column but
: i

also yields a corﬁpaallﬁ'i'b(feogo%r TEEUIRTOr the 3] jon'of the Various antibody fragments. In contrast
the Pursuit diphenyl column sow;a - 131, an improved separation result. The separation profile of
this column exhiBHed e reaks strotitders which occurred in the elution profile with a good
resolution and acceptable peak sharpness, compared to the separation profile of the Jupiter C18
column. TherefoPdaRfSleBRimAtEpkeTetra oY tHEeERSHEN B S REERGR P ABAUE BPtHe antibody
which were obtahwtetegseerding tiaivbairetgeniofithalinvéntiba. ghisinterded toffuhtiereucidate the
i(;lventio? by tfrl]e éﬁlugw.irlg 62@?%@%&%8&53&(8&%@%@?&@@&@93’ Mg aditPRtekive scope |
erives from the claims ed to.this inyention. .The. invention i i ] ing examples
on the basis of a%ngnrﬁgﬁ Qa(é;?g%bﬁég (%%Pﬁgl?&%:?(?ﬁeg"? %ﬁég{lﬁ %’%@Egtfi%%% gﬁﬁ%ﬁ%g\%gthe
invention but is RRAEFSNIPSFRENASRS (detires AP RURMERARAE f PRSAERBISBRFRAGHERIGHY antibody is
an antibody agaimspthenGmahedcéptoniming IGFE-1R) aisaddsoriied . 20010715288 WO
2005/016967 US:2005p0B4R08, \WQ-2QRO5896 Trs WS 20 0RM0LAR RN 6, 2006082 4TV O

04/083248,WO @&%%%Q%EM %%Qééggcﬁ%%tsa@ﬂnwg&gngyjojtﬁ%ethods for cleaving an

antibody.

Cleavage of disulfide bridges

All disulfide bridges occurring in an IgG molecule can be cleaved by reduction. The-
free heavy and light chains of an antibody are obtained during the reduction. Tris-
(2-carboxyethyl)-phosphine (TCEP) is a reducing agent that is often used because
all disulfide bridges of an antibody are completely cleaved within a short period and
the reduction occurs over the entire pH range (see e.g. Hau, ].C. and Hau, C.Y,,
Anal. Biochem. 220 (1994) 5-10). In one embodiment is the pH range of from 1.5 to
8.5. Dithiothreitol (DTT} is also characterized by a rapid cleavage of disulfide
bridges. However, the DTT reduction in an acidic environment only proceeds very
poorly. A denaturing step is usually necessary to complete the dissociation of the
heavy and light chain. The denaturation additionally makes the disulfide groups
more accessible. The denaturation can for example be carried out with the aid of

guanidine/HCl or formic acid.



JaKria_tioil of the figures:. Oxidation reaction of methionine (a) and tryptophane (b) as an example
(see e.g. Taylor, S., et al., J. Biol. Chem. 278 (2003) 19587-19590). Deamidation of asparagine and
isomerization to aspartate; route | is preferred under basic conditions (pH > %) route Il is preferred
under acid cé’ﬂﬁﬁf@%@%< 5). Schematic representation of the IdeS digegﬁ W%ﬁ‘ofﬁ@?%ibodie&
Result of the gel electrophoretic separation of the antibody incubated at 40C and stored at -80C. lane
1- sample buffer; - 18 - lane 2- molecular weight stéhdard; lane 3 - sample buffer; lane 4 - standard,
non reduced; lane 5 - antibody (-80C), non reduced; lane 6 - antibody (30 days/ 40C), non reduced;
lane 7 - sample buffer; lane 8 - standard, reduced; lane 9 - antibody (-80C) reduced;

Enzymatic cleavage

Papain, a cysteine protease, cleaves peptide bonds relatively unspecifically after
arginine (R), lysine (K}, glutamic acid (E), histidine {H), glycine (G) and tyrosine
(Y). If the incubation period is sufficiently long, the papain digestion leads to a total
hydrolysis. However, antibodies can be cleaved relatively selectively in their hinge
region by a limited proteolysis (Lottspeich, F., and Engels, ].W., “Bioanalytik
Spektrum Akademischer Verlag” Munich 2™ Edition (2006) 201-214). The cleavage
occurs on the N-terminal side of the disulfide bridges which connect the two heavy
chains together. The disulfide bridges are retained in this process so that three
fragments (2 Fab fragments, 1 Fc fragment) are obtained after the digestion. The
two N-terminal fragments are referred to as antigen-binding fragments (Fab,
antigen-binding fragment), the C-terminal fragment is referred to as the crystalline
fragment (Fc, crystallizing fragment). Each Fab fragment is composed of a complete
light chain and the amino-terminal half of the heavy chain. The Fc fragment is
composed of the two carboxy-terminal halves of the heavy chains which are still
linked together by the disulfide bridge.

IdeS digestion

IdeS (immunoglobulin G-degrading enzyme of 5. Pyogenes) is a cellular cysteine
protease which can be isolated from the pathogenic bacterium Streptococcus
pyogenes. This enzyme cleaves human IgG with high specificity directly before the
recognition sequence GPSVFLFP. This sequence is located in the hinge region of
IgG on the C-terminal side of disulfide bridges which link the two heavy chains
(HC) together. The cleavage results in the C-terminal ends of the two heavy chains
(2 HC-Fc fragments) and a Fab" fragment which results from the arms of the Fab
fragments of the light and heavy chain that are linked by disulfide bridges (figure 3}
(von Pavel-Rammingen, U., et al., EMBO Journal 21 (2002) 1607-1615).

If the IdeS fragments of the antibody are reduced with DTT or TCEP after the
digestion, the two light chains of the antibody (2 LC) and the N-terminal fragments
of the heavy chains (2 HC Fab) are obtained instead of the Fab" fragment. The C-
terminal ends of the heavy chain (HC-Fc) are not affected by the reduction.



lane 10- antibody (30 days/40C), reduced; lane 11 - sample buffer; lane 12- sample buffer. Overlay of
the SEC chromatograms of the stressed (1:40 C, 30 d) and of the non-stressed antibody (2: -80 C)

and of the pl fg (3) incubated at 40C. Chromatograms of the io atograph
for the stres§g§%¥?%§ ,;50 d) and non-stressed antibody (2: -80 C) solu%?%ﬁﬁzog a@g]bo b%ffgr Y
solution (3) incubated at 40C. Separation of the antibody digested with IdeS at various ratios of
enzyme to antibody (1:50 - 1:1250) and various incUBation periods (0.5 h - 5h): lane number - gelA -
gelB: 1 - sample buffer - sample buffer; 2 - molecular weight standard - molecular weight standard; 3 -
standard - standard; 4- undigested antibody - undigested antibody; 5 - sample buffer - sample buffer; 6
- 1:50, 0.5 h - 15&41cOshtatiorl :125, 0.5 h - 1:125, 2.0 h; 8- 1:1250, 0.5 h - 1:1250, 2.0 h; 9-1:50, 1.0 h
-1:125,5.0h;10-1:125,1.0 h - 1:125, 5.0 h; 11- 1:1250, 1.0 h - 1:1250, 5.0 h;

The enzyme N-glycosidase F is a so-called endoglycosidase and completely cleaves

off the sugar structures of glycoproteins, e.g. of the heavy chain of antibodies,
between the polypeptide chain and the proximal N-acetyl glucosamine residue.

In order to simplify the very complex mass spectra that are sometimes obtained in
the analysis of mixtures of various protein or peptide components by preseparating
the components, mass spectrometry is often operated in combination with liquid
chromatographic methods (LC/MS). For this purpose high performance HPLC
systems are used among others to separate mixtures of dissolved substances
according to their components before the mass spectrometric analysis. As a result of
the chromatographic separation of an analyte mixture, the components leave the
separating column at different times and in this manner can be analysed by mass

spectrometry in the order of their elution.

A mass spectrum of each peak of the elution profile is obtained by coupling
chromatography with mass spectrometry. The advantage of this is that one does not
obtain a complex total spectrum of all components of the analyte solution but

rather in the ideal case the homogeneous spectrum of a separated component.

The electrospray method (ESI) is a frequently used ionization method for
converting dissolved molecules into gaseous ions in mass spectrometry. This is
achieved by dispersing a liquid in an electrostatic field {electrospray). Very many
small charged droplets which contain the analyte molecules are formed in this

process.

The formation of highly charged ions is characteristic of the ESI process. Hence in
the mass spectrum of a defined protein species one observes an entire series of ion
signals each with a charge difference of Az = 1 (as a rule by addition of one proton
in the positive mode or subtraction of one proton in the negative mode) according
to its molecular weight. The spectra of proteins show a characteristic approximately
bell-shaped charge distribution of the molecular ions. The maximum of the
distribution depends on parameters of the ESI mass spectrometer, on the pH of the
solvent and on the state of denaturation of the protein. After cleavage of disulfide
bridges and as a result of denaturation, proteins adopt a spatially more expanded
structure so that more charges can be accepted {or released} by the molecule. The



12- sample buffer - sample buffer. - 19 - Figure 8: Figure 9: Overlays of the elution profiles of the
stressed and non-stressed antibodies on the Jupiter C18 standard column (A) and the Pursuit diphenyl
column (B). Qve @ e elution profiles of the stressed (1) and non-str. ihody on the
Pursuit Diphglz]{))lé gﬁjgrq#r‘%? Example 1 Material and Methods The antibodfﬁ%gﬁfs{%gd for the
experiments in this investigation is a human, recombinant antibody of the IgG1 type. This antibody was
expressed in CHO cells and purified by affinity chrdrﬁ%tography and various ion exchange
chromatography steps. Heat stress About 22 mg of the IgG1 antibody was rebuffered by dialysis in a
10 rnM Tris/HCI buffer (pH 8.5). A portion of the rebuffered antibody solution was incubated at 40C for
30 days. The othesxpatisnivas: fuizere atis8iid dsnacontheteDialysisFéedhe didghsis 1owren] antibody
solution (c = 14.&9}@4@0 was transferred to a slide A-Lyzer dialysis cassette (capacity: 0.5 - 3 ml,
molecular weight exclusion size: 10 kDa) and hung in the dialysis buffer. The buffer was continuously

stired during theclalysland keRbal-ahokoC llig LI by IReReliohHam e RRNCseveral times
during the dialysis in order to ensure the.compl tes# ossge exchag%@; thte bugfn%r S{;Iutlons. Table 1
shows the time %ﬂ@?ﬁ@‘f&eﬂﬁgte{%héﬁ@g%&ﬁ@ Blafrer e8I Gt P aB’ OIS SEHEM&or rebuffering
the antibody solt#ionov@tuttethralgsidasisies (:>m; )} of a charge distribution:

M +nX
formula 1: my =
n
M+ (n-1)X
formula 2: my = —————————
(n-1)

X in this connection is the mass of the charge carrier i.e. X = 1 (in the positive
mode) for the addition of a proton and X = -1 (in the negative mode) for the
subtraction of a proton. The value of n can be calculated by solving the variable n

and equating formulae 1 and 2:

mg—X

formula 3: n=
my - I

The molecular weight of the molecular ion can be calculated by solving formula 2

for M and by using the calculated result of n in formula 3:
formula 4: M =n(m,; - X)

The spectra are usually analysed with the aid of computer programs which can be
used to determine the molecular weight either from all signals or from individual
selected signals. So-called reconstructions are obtained as a result which show a
given spectrum recalculated for a corresponding molecular weight range
(deconvoluted spectra). The molecular weight can now be read off directly from the

calculated peaks.

It was now surprisingly found that problems occurring with the previously used
methods can be prevented by using a method according to the present invention. It
was also surprisingly found that using the enzyme IdeS is advantageous for carrying

out LC/MS analyses of antibodies.



time [h] temperature 1C]1.5381.5158 1.5 3 8 - 20 - After completion of the dialysis, the antibody
solution was transferred from the slide A-Lyzer cassette into a 5 ml reaction vessel. The volume of the

dialysed antibody solution was determined by weighing on an analytical balang T elta Range,
Mettler-ToIe(}%?; é?@ﬁ?gzﬁﬁration After the dialysis the antibody solution was st(grgﬁé%ég }?ﬁ?ﬁiration

through a Minisart single syringe filter (0.2 pm, Sartorius) under low germ level conditions. The
sampling for the determination of the antibody concdAtration was also carried out under low germ level
conditions. Determination of the antibody concentration

Hence, the first aspect of the present invention is a method for detecting antibodies
and antibody fragments and modified forms of antibodies in a sample characterized

in that it comprises the following steps:

a) providing a sample which contains an antibody and/or its cleavage

products and/or a modified form of the antibody,
b) incubating the sample provided under a} with

1} an IgG-specific cysteine protease,
ii} a glycosidase

iii) a reducing agent,

c) analysing the sample incubated under b) by means of a coupled liquid
chromatography and mass spectrometry to detect the intact antibody
and to detect fragments of the antibody contained in the solution

provided under a).

The provided sample can, for example, be a solution containing the antibody, such
as a reconstituted solution of a lyophilized antibody formulation. Modified
antibody molecules have been formed in this solution during storage and
lyophilization. These modifications are among others oxidation and deamidation of
individual amino acids, formation of thicether bonds and the formation of

antibody fragments.

The method according to the invention comprises the incubation of the sample with
different agents. These agents are used to convert the antibody molecules and
antibody fragment molecules contained in the sample into defined fragments. In one
embodiment of the method the first incubation step is the cleavage of the molecule
with the IgG-specific cysteine protease 1deS, preferably the IdeS from Streptococcus
pyogenes or Treponema denticola, In a further preferred embodiment the IgG-
specific cysteine protease has the amino acid sequence SEQ ID NO: 1. The
incubation with the IgG-specific cysteine protease takes place in one embodiment in
a pH range between pH 5.5 and 8.5. In one embodiment the incubation is in the pH
range of from pH 7.0 to 8.0. It was also found that the molar ratic of the IgG-specific
cysteine protease to the antibody molecules (including the antibody fragment



The antibody concentration was determined by means of an absorption measurement at 280 nm on a
spectral photometer of the type Uvikon XL (Goebel Company). The extinction coefficient of the
antibody that was used was 1.55 mL.mg4.cm-1 and was calculated according to the method of Pace,
C.N., et al., (BBRAiT&H2 78 (1995) 2411-2423). SDS PAGE The antibody s%ﬂﬂi@??é’%f@ﬂ@g&%parated by
gel electrophoresis using a Power Ease 300 electrophoresis station as well as gels, buffers and other
reagents from the Invitrogen Company. A Tris-glyciné34-20 % gradient gel was used for the
separation. The Tris-glycine SDS running buffer (10x) which was diluted 1:10 (v/v) before use with
twice distilled water, was used as the running buffer. The antibody solutions that had been incubated
at 40C and thoserladhad Brpnisietadvalerd§E5wa e aBpieth unsieferedlisingodsmwall gwireder
non-reducing coggigigné.lﬁébl of a Mark I2TM protein marker was also applied to the gel as a
reference in order to determine the relative molecular weight of the samples to be examined. The
electrophoretic sIeIParatio%wcfas C rgﬁg‘out av Iéag%o 125g/gnds L run %’rg%gvgbou 5 min. After
the gel electrophorggfsefﬂeogé S Were stained in m?p y dfécgazfeoéltalrp ('(’300m<';133|§e(3O staining
solution) accordiffihehifisatsafimacthreretibhedudremensunibaeiis #er gaywaaesiaings in twice
distilled water. -eddbedimeestaingd gietsvidre peksed écbushgliysidaschinenidegliephdresFand a drying
solution (10 % Olys3gl (41da A0 £ MHEUAIRLAUNINAO RYAERUE 26iC ) APthimeteh ulo). For this
the gels were incu atedlf_?g_g %@_(jﬁ tat]z(iacgarégrr,lgn%%luélir% 1an nincubgt%d or eanftu&tlger %%Srgiargeafter adding
two cellophanes..g HetWard s gels were place Yieat or Bubbies hatveeh the c% lophanes and dried
in a clamping fr%(ﬁ“ﬁdﬁﬁé%@)rﬁré&kif?&gﬁmﬁe@%%ﬁbdﬂy‘%’cﬁuﬂ%ﬁ%‘\ﬁ%ﬁagtdﬁ%ﬁéﬂ'to a
concentration of gauidbsengitiiwvitthe di®eh Mirbris/ HGbitesr{phi S1binBigbsagivently 10 pone
(corresponding o, lifhantibady) b dedilyieskapieady.soktions Was-Admixedmih £9 phSDS
sample buffer (an)n ir‘)_ha ratig of, 1: A rQ//\t/ v mir>1<§c(}j PQQJH;QA'VIB”ﬁ%ggp%%&ed- Q{? ﬁac %%s were
denatured for 10°mMin'&t 7 .Og\‘f‘tﬂerwar S t%ey re again brie%ly_cen?rlfugera. or tha € ecPPophoretic
separation 16 ul RENRESSERIERE & SNy ehBeeyreT o HeRstnrsyBaln greathre e Regideo the gel. In
addition to the prategiymaidkes, anhntiphdyddiacHcastanefarck{cts 16.Brrbg-Mlid) difutddio a
concentration Ofelfdi‘}kgiﬂ?ljeh@r{ﬁegégﬁ@gl?%k‘i'&'a&eﬁeﬁ iHJHﬁ‘e%ﬂlﬁﬂ”@ﬁf@}:’iJﬂﬁ&@ﬁQ%ﬁ@ﬁ@P'% was
applied as a referent e. Forgtkgile ngggy%ggEISPsSiﬁéGEatcré%ntigod A Ecil'ﬂtig[p Were S%Isrgg d[irlgéed with 10
mM Tris/HC1 bu?fé?%ﬁﬁeg? 5’ 08 concet tration of 1 mg..1 b T L0 was usecf?to reduce the
solutions. In ord&? &5 BRs#EEIden IR iantthenarrdmsab s 2 e e asmbRYiEdsfepared at a
concentration of ii derivdd froSDScsandplenneifin@os. Subsedwenthbddime({sahregyondiagets 10 Fig
antibody) of the gjlyf 55%%9@%&&@ achinacEaio Qhhddyminath &2 seDetsagaple buffer +
100 mM DT, myxed ad brictl cenfrifiged, thesamples wersdenatuied far 10 mm. A 70C.
Afterwards they were ag%?’n%rleaﬁy' c_en?rl uged. For the €elec rép?ﬁopeﬁ)c separationgja’.L qugorreSponding

to 8 Fig antibodyY#FtHedeanigramnahytedateis dppirddfiartetsatom ayainBR S WE PO RIN marker
an antibody refefertber stahddith¢ot 6y mgjdadd) idikEcd28 18 corfiteAFdtizh of Binddmisloand

subsequently tregteslin fiecsas waywasiihe RpilRedpamplas R RRRIadaHA Bieenss. Size
exclusion chromatqps%aé%ré}é]cgﬁss% I‘H’ﬁd’ K gel G3000 SWXL gel filtration column (7.8 x 300 mm; 5
SO

um, 250 A) from e ioscience"Company was used to chromatographically separate the

components of the.antibody solutions.according to size. The separation was carried - 22 - out on a
et L oSG 2 S HEALS e, 2HiteH TBabie ol (i Bt potasaium
phosphate, 250 RiNEGtRESRAS erdoritscBuerity pHrajtovich hpelvsesskess min and at a flow rate of 0.5

ml:min-1. The temperature of the TSK gel G3000 SWXL gel filtration column was kept constant at 25C
during the separktidhe third teieppdadiselodeHeideto sseiteraday 6ddimae seguplogceseiormshts were

detected at a wayelenglh by 288inMiging RHindhaspayel i), [anaxehitngemdiofoatngraphy (IEC)

acid is added simultaneously with the addition of the reducing agent.

A combination of liquid chromatography and mass spectrometry is used to analyse
the defined antibody fragments that are obtained. The individual fragments are
separated by the liquid chromatography and can be subsequently determined by
mass spectrometry. In one embodiment the mass spectrometry is an electrospray
ionization-time-of-flight mass spectrometry (ESI-TOF). In one embodiment the



The weak cation exchange column SynChropak WCX (4.6 x 250 mm, 6 pm, 300A) from the Agilent
Company was used for the ion chromatographic separation of the components of the antibody
solutions. The separation was carried out on a Shimadzu HPLC system. The sample components
were eluted With 1PE/43026% a binary gradient system of eluant A (10 mM sc})&?ﬁfﬂpﬁ}f‘ggﬁﬂg@ buffer, pH
7.0) and eluant B (10 mM sodium phosphate buffer, 750 mM sodium chloride buffer, pH 7.0) at a flow
rate of 1 ml.minA and a run time of 55 minutes. The &fution profile is shown in table 2. The
temperature of the SynChropak WCX cation exchanger column was kept constant at 25C during the
separation. The temperature of the autosampler was 6C. The sample components were detected at a

wavelength of 23Qh usinaAckagraikay Hetestotiabige2ibiofilelobihetggagipntdonseparating the
antibody solution By, Means O \GS ARSI SlaRLAPIOL RN 8- &80 h8R.20 17.0 80
graphy, the chromatography ligand is in one embodiment either a C8 or C18 ligand
which is located on a chromatography material with a pore size of 300 angstroms or
in the case of T-7-interaction chromatography a diphenyl ligand is employed as the
chromatography ligand. In one embodiment either a Jupiter C18 column or a
Zorbax 300SB C8 column or a Pursuit diphenyl column, in a preferred embodiment
a Pursuit diphenyl column is used for the liquid chromatography.

The invention additionally concerns the use of an IgG-specific cysteine protease for
detecting antibodies or antibody fragments in a sample, characterized in that the
sample is incubated with the IgG-specific cysteine protease and the fragments
obtained are analysed after incubation with a glycosidase by means of coupled

liquid chromatography and mass spectrometry.

Another aspect of the present invention is a kit for detecting antibodies or antibody
fragments, characterized in that the kit contains

i) the IgG-specific cysteine protease 1deS from S. pyogenes and
ii) the endoglycosidase N-glycosidase F from Flavobacterium

meningosepticum.

Firstly a reduction of the enzyme:antibody ratio and of the incubation time was
tested in order to optimize the incubation conditions of the IdeS digestion. The
shortest possible incubation time and smallest possible enzyme:antibody ratio were
desirable for practical reasons because the presence of the enzyme component in the
digested antibody analyte solution can lead to interfering signals in the mass
spectrum that is obtained. The amount of enzyme used for the antibody digestion
should be as small as possible in order to avoid this. At the same time it must be
ensured that the antibody molecule is completely cleaved after the digestion. In
order to additionally achieve the highest possible sample throughput and to
optimize the experimental time course, the incubation period should be shortened
while ensuring a complete digestion. The results of the gel electrophoretic
separation of the digestion preparations (cf. figure 7) showed that two main bands
(at about 100 kDa and about 25 kDa) which correspond to the expected products of
IdeS cleavage were formed under all digestion conditions. The larger main band

with a molecular weight of about 100 kDa corresponds to the expected “Fab part of
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the antibody which contains the two light chains (1.C) and the Fab fragments of the
heavy chain (HC). The smaller main band with a molecular weight of about 25 kDa
is the expected Fc fragment of the HC. The resuits of the gel electrophoretic
separation of the digestion preparations show that the enzyme:antibody ratio has a
more significant effect on the 1deS digestion. With regard to the efficiency of the
1deS digestion of the various preparations, the results of the SDS-PAGE show that
the band of the intact antibody (2HC/2LC) still occurs with a minimal intensity at
an enzyme:antibody ratio of 1:50 and incubation periods of 0.5 h and 1 h (cf: figure
7A, lane 6 and 9). At the same enzyme:antibody ratio and incubations periods of 2 h
and 5 h (cf: figure 7B, lane 6 and 9) the band of the intact antibody molecule has
disappeared. Hence the preferred incubation period is between two and five hours
and particularly preferably two hours. It has also turned out that an incubation
period of 18 h and enzyme:antibody ratios of 1:50, 1:500, 1:2500, 1:10000 resulted
in no difference compared to the five hour incubation at the same enzyme:antibody
ratios. Thus an enzymeantibody ratio of 1:25 to 1:100 is preferred. An
enzyme:antibody ratio of 1:50 is particularly preferred.

The LC/MS-based method comprises a sample preparation method which is
particularly suitable for separating and detecting stress-induced degradation

products. In principle there are four possible variants of the sample preparation:

1. only the reduction of the antibody;

2. deglycosylation with subsequent reduction of the antibody;

3, IdeS digestion with subsequent reduction of the antibody;

4. deglycosylation with subsequent IdeS digestion and reduction of the
antibody.

It has turned out that the preparation that has only been reduced (variant 1) and
the IdeS-digested and reduced preparation (variant 3) are not suitable for the
LC/MS analysis of the antibody solutions because heterogeneous spectra are
obtained due to the glycostructures of the heavy chain which reduce the sensitivity
of the LC/MS measurement and make the analysis more difficult.

It has now surprisingly turned out that the IdeS-digested, deglycosylated, reduced
sample preparation is preferable to the deglycosylated, reduced sample preparation
because smaller antibody fragments are obtained which have a positive effect on the



955 - 23 - Example 2 Heat stress In order to accelerate the formation of degradation products and of
modifications of the monoclonal antibody, it was subjected to a defined heat stress in an incubator

(Venticell, MM-Medcenter). For the incubation the dialysed antibody solution yvas incuba‘;ted for 30
days at 40C ¥ MBI 550 pl of the antibody solution was divided into 18Pl ERGHSE SRS stored at
-80C. These served as the zero point control. After 30 days the aliquots subjected to the heat stress

were removed from the incubator and examined viédény for infestation with microorganisms. The
removed aliquots were pooled in a reaction vessel in order to obtain a homogeneous, stressed
analytical solution. The homogenization was carried out by carefully mixing the antibody solution (MS2
minishaker, IKAm2taufesihtidhediahzdgenize chantibedyns clndiallovwas diifdleddntot20 uhalifeots and

Stotrgd dat (-8001-4E§aﬁn)%9_ §£§xﬁ>€é}%i%ﬁ%éﬁ%%&%{fﬁ@ﬁ/%ﬁﬂ%%@%@?ﬁ@a AlophR2 mﬁ
antibody (c = 14.6 mgm]'j was repuffered in a r uffer .5) and subseguently
incubated for 3@6’3%%%’@?%&‘aé&{%ﬁrg?(gfhe‘{;f?irﬁgu ﬁt(%? aﬁﬁge%fo(f%%ﬁee? o%%cl)rrlftl’ﬁ order to
ensure in later araijsles tharnpkbnibe cfarges st iadusedynaslifiratienat umrbitorage at 40C
are not due to changesiipiihadifenseligiashibte idvinialif tatsreftha b mMdF ris/Hipt dvaffer were

sterlized by filrafigp LRASkIMAGIRLIENR GRRAUIDRR Ao asquIlHbake IR iGbatarEventicel,
MMMedcenter) for 30 days at 40 h éﬁbﬂg&%ggg%glgcedure was carried out as for the antibody

The
solution. Analysf BrREHFRRTUS ST [ electrophoresis The result of the gel

electrophoretic segaration of the antibody incupated at 4QC and to#ed t -80C is sho&/n in figure 4.

The incubation &t ABCHEREHRIh HAS FOFREEERAOF RS ERE Hatb BN WA ATRIEERERT SF e antibody
molecule (lane Gligast t@)aMitedprithdde syl sheibtugeshnniiasHbwRIRetgBIcar HahdqEsttiern of an
IgG1 molecule (gf.dapendaRd ) prsiarcroRd@Mdcing rahdiionsifidaatratidathancheemsatpaerids to the
Intact antibody Gaqsisting.of fuahieat SNBINRALENA MG imeds RhLEhAKTS (Gl Incadsition bands
can be seen for antf’bo y species whose structure has not peen completely preserved. Tﬂese bands
 are the 2HC/LC SHuRss ihite Im%ﬂ@ﬂ%?h? thetafe W%GV%L@)%E@ fi%e'Relfy chain (HC)
and the free lighinchbati¢hGp (ofthemenparaid prt issypidativandipalidnsubaien.basically seen inthe
non-reduced antibody sample incubated at 40C (cf. lane 6). The main band is again the intact antibody
(2 HC/2LC). In dedisinterbandsneqoivotatlthendiribmglpodeintctrahiipediifspduied(asnCoHC/LC, HC,
'—C)hat a high%r i@égﬁ?ﬂi%ﬁ&%@@;@ﬁlﬂtg@a@'ﬁ)ﬁlﬁﬂh@,3& -go%vlﬁtag&%ﬂ@mﬁuwp%fdwnﬁs are Lorr;r:ed
in the stressed sample in the range from.abaout 90 kDa to > 20 cf. ies whic
occur below thefﬁ?&?ﬁ _Vgn%gﬁg aat?w ibody .rsaig#lmé. %%do (t?h%gge gﬁ%&%%ﬁ? %g%d%r%l%%gregates.
Two bands whicli é@é@ﬁﬁﬁ%e‘%ﬁ%ﬁ?&F&F‘iﬁté}r‘és}"l’oﬂ%n&‘i%f?"’é?gﬁ‘?gg’rfs RIPERFS 8‘5&% in the
region of about 2t tBarchHase Bhe Thidily afie-covatentdEaphicagnenionsisribrsseiCoRab fragment
(AA 1-220) and {he 6 5B RObKADLRURIBRL AN Bedismiign hidabuspatire ylasrcovalent

interactions (ionic interactions, hydrogen bonds, dipole-dipole interactions, van-der-Waals forces).

S_incle ttf)le zamplﬁ@n@ﬁﬁ &[%Q{I'tﬁg T%éhl‘éoﬂri?_h}wckﬁhﬂ@{‘ m@aﬁpqﬁgmqﬁ %fﬁﬁcﬂ_ﬂ?_d-%egﬁeardai
over band o (LA agTHT CENE A 0 F Eee3 R CRae s o 1 SEATEA e 6077
The remaining asBodyewhiba patistapissesheriddeas SHaFanPpaifieii %’iﬁ;&ro?ﬂtﬁéhﬁfé“?rgﬁment can be
allocated to the highedswhiehiblcpistatrambers.irftensititinthie sbgidd bfe9FokDa mnehid ®iRA (cf. lane 6).

antibodies are very large molecules. Consequently the pore size of the matrix

particles also plays a decisive role when selecting a suitable column. The larger the

pores of a matrix particle, the easier it is for antibody components to diffuse into

the pores which improves the separation.

In comparison to the Jupiter C18 column, which was used as a reference column,
no effective improvement of the separation of the degradation products was
obtained with the Vydac C4 column under the employed chromatographic
conditions. The Zorbax 300SB C8 has a different chromatographic selectivity than
the Jupiter C18 column but also yields a comparable good resuit for the separation
of the various antibody fragments. In contrast the Pursuit diphenyl column showed



The main bands in the separation under reducing conditions are the heavy (HC) and the light chain
(LC) (cf. lane 8, 9 and 10). In addition to the two main bands, two further bands occur in the
non-stressec{&p&i& %Oi%nples in the range between about 97 kDa and 0\5@}5‘1@86@W€r intensity.
These are covalent, non-reducible aggregates (cf. lane 8 and 9). The antibody solution incubated at
40C shows the same band pattern as the non-incubated antibody solution (cf. lane 10). The two bands
which can be allocated to the non-reducible specie’sliﬂ’[he case of the non-stressed sample do not
occur with a very much greater intensity in the stressed sample (d lane 10). In addition to the already
mentioned species (HC, LC and the two covalent, non-reducible bands) a - 25 - large number of
additional bands:oaensriovtdestpaoeiaf abolt 30k Bepwr200 kDafile thi thisessledhantiubifesblution.
(Tf;else afleof)equ;]%grsog@‘ifﬁﬂfaﬂg%ﬁ&ﬂﬁgb?ﬂﬂamdiéeihl%nﬁ%@ am@éfamsmmhe fﬁﬁidCbed sg%cli(es,
cf. lane 10). The band of the non-reduci regate species which occurs in e out a
(0 95 kb and WIS B HTSChE B e T dot ey e e RS el

analysis. The infeRgity §ithisohama- ifdreatus Shiniftemg 48 BréetrCofthdhAEBATSIPTTAL increase in
intensity at this kdagc datinagtrikelyscifetoatdbiatynebich wke tHicitkd nepadieg. (T s spabiss is a half
antibody molecylewith, an.gstual mass of 75 kDa whose HC and LC are not linked together by a
disulfide bridge but rather by a non-reducible thioether bridge (Taus, G.I., et al., Anal. Chem. 77 (2005)

2675-2682). Angjysis, of,tha healincHhaled sAlisR Byineans ofRE Gt mplsiaershrrmatography
(SEC) gives an overview of th fogrgr.}i?{g] of stress-induced fr%%rp%gﬁoan%]%%%ri%%aggs. Selgce SEC is

carried out undeEFAFRELAN Téﬁiglljl?wg‘ftévse AoTC o & are detected in the

Svalént aggrega
analysis. In ordeetthisdtasiisiora connection between the formation of degradation products and the .
incubation at 40C, the non-stressed sample which was stored at -80C is also analysed in addition to
the stressed antiadinseititens Heuarb&isholys fkkordoglesdtides BIC thsr bagsphd cabenbiliffdy solution

incubated at 40GxihgRITHROSYARCHDAtE Al AD GoreiiR ARt Doty siaf od tht iB0& A puolsS0 py
antibody were 39&%&%%9&” eg}c;fg | CASE f%&ggawlysis. The results of the analysis of the molecular weight
standard served as a req] rence for getermlnlng the molecular weight sizes of the components of the

antibody solutions. They are listed jn table 4. Table 3 shows, the perce e g)ftp V?@' us antibody
species in the e:%)ﬂoeﬁ‘aﬁﬁlgﬁ Y ﬁﬁ r%?éﬁ%tréj %%%83%@5%%3?3 Efa%ne%ngﬁgtageagraog%rﬁlgn OE:?‘IG respective

area of the peakieseatesridmApedieE dianias todrE &Rt ofthe SYRERIE atihealOWRICA% 3. - 26 -
Table 3: Evaluatigm ahtiedSBECfor tRECsEEgRthanT theN1BasE6d%antidod otRIga4GIecular weight

species (RT - 1274 4¢05/0084906, WO 2005/058967, WO 2006/013472, WO 2006/00181
US 2003/0165502, WO 2005/082415, WO 2005/016970, WO 03/106621,
WO 04/083248, WO 2003/100008, WO 2004/087756, WO 2005/005635,
WO 2005/094376 and WO 2007/115814.

Description of the res:

Figure 1: Oxidation reaction of methionine (a) and tryptophane (b) as an
example (see e.g. Taylor, 8., et al, J. Biol. Chem. 278 (2003)
19587-19590).

Figure 2: Deamidation of asparagine and isomerization to aspartate; route |
is preferred under basic conditions (pH > 8), route II is preferred
under acid conditions {(pH < 5).

Figure 3: Schematic representation of the Ide§ digestion of IgG1 antibodies.

Figure 4: Result of the gel electrophoretic separation of the antibody

incubated at
40°C and stored at -80°C.

lane 1- sample buffer;



min) [%] main peak (RT - 15- 16.5 min) [To] shoulder in the low-molecular weight range (RT - 16.5 - 18
mm) n) [To] low-molecular weight species (RT 19-20 n mm) 19/01 -80C 3.19 95.81
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lane 2 ~ molecular weight standard;

lane 3 — sample buffer;

lane 4 — standard, non reduced;

lane 5 — antibody (-80°C), non reduced;

lane 6 - antibody (30 days/ 40°C), non reduced;
lane 7 — sample buffer;

lane 8 - standard, reduced;

lane 9 — antibody (-80°C) reduced;

lane 10 — antibody (30 days/40°C), reduced;
lane 11 — sample buffer;

lane 12 — sample buffer.

Figure 5: Overlay of the SEC chromatograms of the stressed (1: 40 °C, 30 d)
and of the non-stressed antibody (2: -80 °C) and of the placebo
buffer (3) incubated at 40°C. '

Figure 6: Chromatograms of the ion exchange chromatography for the
stressed (1: 40°C, 30d) and non-stressed antibody (2: -80 °C)
solution and the placebo buffer solution (3) incubated at 40°C.

Figure 7: Separation of the antibody digested with 1deS at various ratios of
enzyme to antibody (1:50 — 1:1250) and various incubation
periods (0.5 h — 5h):
lane number — gelA — gelB:

1 - sample buffer — sample buffer;

2 — molecular weight standard — molecular weight standard;
3 — standard — standard;

4 — undigested antibody — undigested antibody;
5 - sample buffer — sample buffer;
6—1:50,0.5h—1:50,2.0 h;
7-1:125,05h~1:125, 2.0 h;

8 —1:1250,0.5 h - 1:1250, 2.0 h;
9-1:50,1.0h~1:125,50 h;

10 -1:125,1.0 h -~ 1:125,5.0 h;

11 -1:1250, 1.0 h - 1:1250, 5.0 h;

12 — sample buffer ~ sample buffer.



1.00 40C/30 days 12.33 72.20 10.85 4.62 Table 4: Results of the chromato a hic se saration of the
SEC molecular we standard Substance mass 11cDal retention time [min] thyroglobulin
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Figure 8: Overlays of the elution profiles of the stressed and non-stressed
antibodies on the Jupiter C18 standard column (A) and the
Pursuit diphenyl column (B).

Figure : Overlays of the elution profiles of the stressed (1) and non-
stressed (2) antibody on the Pursuit Diphenyl Column.

Example |
Material and Methods

The antibody which was used for the experiments in this investigation is a human,
recombinant antibody of the [gG1 type. This antibody was expressed in CHO cells
and purified by affinity chromatography and various ion exchange chromatography

steps.
Heat stress

About 22 mg of the IgG1 antibody was rebuffered by dialysis in a 10 mM Tris/HC
buffer (pH 8.5). A portion of the rebuffered antibody solution was incubated at
40°C for 30 days. The other portion was frozen at -80°C as a control.

Dialysis

For the dialysis 1.5 ml antibody solution (c = 14.6 mg/ml) was transferred to a slide
A-Lyzer dialysis cassette (capacity: 0.5 — 3 ml, molecular weight exclusion size: 10
kDa) and hung in the dialysis buffer. The buffer was continuously stirred during the
dialysis and kept at about 8°C. The dialysis buffer solution was renewed several
times during the dialysis in order to ensure the completest possible exchange of the
buffer solutions. Table 1 shows the time scheme for the exchange of the buffer

solution.

Table 1:Dialysis scheme for rebuffering the antibody solution

volumegiysis bufter [L] | time [h] | temperature [°C]

1.3 3 8
1.5 15 8
1.5 3 8




670 11.9 gamma globulin 158 15.8 ovalbumin 44 18.5 myoglobin 17 20.4 vitamin B12 1.35 23.4 The
elution profile of the stressed antibody species correlates with the results of the SDS-PAGE. The
results of the SEC also show that aggregates have been formed and that the antibody has been
degraded duthif2fi 2B ation (cf. figure 5). The main species with a reteritioht ﬁﬂqg"g{f’%%out 15-16.5
mm. which can be assigned to the intact antibody, decreases during the incubation at 40C from about
96 % to 72 % of the total area (cf. table 3). The retesflon time of the main species (RT 15 - 16.5 mm)
corresponds to a molecular weight of about 150 kDa based on the molecular weight standard (cf. table
4). The aggregates with a molecular weight of > 158 kDa (cf. table 4) elute in a time window of about
12-14.5 minut%ﬁ&%ﬁ%:%%fh&e&ﬁl@ﬂsﬁm narbasesdAstibresul ohtheinelhatontat 40C from

about 3 % to abguf 12 4.0 the, %&' HER LS APk deaEehadRRRm s Abe preasing region

of the peak of the main pecies 18 min,) in the elution profile of the ed antibod
which has an aré‘éf‘BR%o?ﬂ’&‘i‘?)‘? mﬂ%ﬁf%%ﬁ%%ﬁf&fﬁ‘a‘a@s%%é&ﬁ 6C?; E g%&%%t(?htﬁ%’% antibody /
solution stored drel8ORatek, Mdembes ) dltde Antibody species which elute in the region of the shoulder
have 7a molecular weight of about 70 IcDa to 120 IcDa (cf. table 4). These are species sur'

Sterile filtration

After the dialysis the antibody solution was sterilized by filtration through a
Minisart single syringe filter (0.2 pm, Sartorius) under low germ level conditions.
The sampling for the determination of the antibody concentration was also carried

out under low germ level conditions.
Determination of the antibody concentration

The antibody concentration was determined by means of an absorption
measurement at 280 nm on a spectral photometer of the type Uvikon XL (Goebel
Company). The extinction coefficient of the antibody that was used was
1.55 mL'mg ™ cm™ and was calculated according to the method of Pace, C.N,, et al,
(Protein Sci. 4 (1995} 2411-2423).

SDS PAGE

The antibody solutions were separated by gel electrophoresis using a Power Ease
300 electrophoresis station as well as gels, buffers and other reagents from the
Invitrogen Company. A Tris-glycine 4-20 % gradient gel was used for the
separation. The Tris-glycine SDS running buffer (10x) which was diluted 1:10 (v/v)

before use with twice distilled water, was used as the running buffer.

The antibody solutions that had been incubated at 40°C and those that had been
stored at -80°C were applied under reducing as well as under non-reducing
conditions. 5 pl of a Mark 12™ protein marker was also applied to the gel as a
reference in order to determine the relative molecular weight of the samples to be
examined. The electrophoretic separation was carried out at a voltage of 125 V and
a run time of about 95 min. After the gel electrophoresis the gels were stained in
Simply Blue Safe Stain (Coomassie G 250 staining solution} according to the
manufacturer’s instructions. Subsequently the gel was destained in twice distilied

water.



- 27 - the half antibody (HC/LC), antibodies with a missing light chain (2HC/LC) and Fab + Fc
fragments. A further peak is additionally seen at a retention time of about 19 - 20 min. which can be
allocated a molecular weight between about 20 IcDa and 40 IcDa (cf. tableét%. The heavg (HC) and the

light chain (LEPZL84E4PHE the HC Fab of the non-covalent Fab fragment €
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window. This

peak increases as a result of the 40C incubation from about 1 % to 5% of the total area (cf. table 3).

The comparison of the elution profile of the placeboHuffer incubated at 40C with the antibody solution
incubated at 40C shows that no peaks occur as a result of the incubation of the buffer. Analysis of the
heat-incubated solution by means of IEC lon exchange chromatography (IEC) is suitable for detecting

changes in chargg:whigh&rgeHuRde rprdiicationmeithe Batbedyi raeleshimetnoidiar doybe;able to
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addition to the anti%od]y ncubatéd at 40C. Figure 6 show
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analysis. The pegegntagRs Qidhe sRPeMSIGPBaREAS the elidisnprofipdrishawn idliaipinp. The
calculated percentages refer to the proportions of the respective area of the peak of a certain species
relative to the sum of the area of all peaks that occur. Tables: Evaluation of the IEC for the stressed

concentration of about 1 mg-ml'i with 10 mM Tris/HCl buffer (pH 8.5).
Subsequently 10 pl (corresponding to 10 pg antibody) of the diluted antibody
solutions was admixed with 10 pl SDS sample buffer (2x) in a ratio of 1:2 (v/v),
mixed and finally briefly centrifuged. The samples were denatured for 10 min at
70°C. Afterwards they were again briefly centrifuged. For the electrophoretic
separation 16 pl (corresponding to 8 ug antibody) of the denatured samples were
applied to the gel. In addition to the protein marker, an antibody reference standard
(¢ = 16.5 mg-ml™') diluted to a concentration of 1 mg-ml” and subsequently treated

in the same way as the antibody samples was applied as a reference.

For the reducing SDS-PAGE the antibody solutions were also diluted with 10 mM
Tris/HC} buffer (pH 8.5) to a concentration of 1 mg'ml”. DTT (dithiothreitol) was
used to reduce the solutions. In order to ensure a complete reduction of the
aﬁtibody, the DTT solution was prepared at a concentration of 100 mM in SDS
sample buffer (2x). Subsequently 10 pl (corresponding to 10 pg antibody) of the
diluted solutions was admixed in a ratio of 1:2 (v/v) with 10 ul 2x SDS sample buffer
+ 100 mM DTT, mixed and briefly centrifuged. The samples were denatured for
10 min at 70°C. Afterwards they were again briefly centrifuged. For the
electrophoretic separation 16 pl (corresponding to 8 ug antibody) of the denatured
samples were applied to the gel. In addition to the protein marker an antibody
reference standard (¢ = 16.5 mg-ml") diluted to a concentration of 1 mgml’ and
subsequently treated in the same way as the antibody samples was applied as a

reference.
Size exclusion chromatography (SEC)

The TSK gel G3000 SWXL gel filtration column (7.8 x 300 mm; 5 pm, 250 A) from
the Tosoh Bioscience Company was used to chromatographically separate the

components of the antibody solutions according to size. The separation was carried

and the non-strgsse antody. acidc 3ge (BT 12 8 S MLANRKNRRN dig.ag s 1Rnoe (RT



- 19 - 22 min) [WO] main peak (RT -22 - 25 mm) [0/0] shoulder in the basic range (RT - 26 - 32 min)
pyol - 80C 7.69 4.52 60.75 27.04 40C/30 days
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out on a Shimadzu-HPLC system. The sample components were eluted isocratically
with a 200 mM potassium phosphate, 250 mM potassium chloride buffer (pH 7.0)
over a period of 30 min and at a flow rate of 0.5 mbmin”'. The temperature of the
TSK gel G3000 SWXL gel filtration column was kept constant at 25°C during the
separation. The temperature of the autosampler was 6°C. The sample components

were detected at a wavelength of 280 nm using a diode array detector.
Ton exchange chromatography (IEC)

The weak cation exchange column SynChropak WCX (4.6 x 250 mm, 6 pm, 300A)
from the Agilent Company was used for the ion chromatographic separation of the
components of the antibody solutions. The separation was carried out on a
Shimadzu HPLC system. The sample components were eluted with the aid of a
binary gradient system of eluant A (10 mM sodium phosphate buffer, pH 7.0) and
eluant B (10 mM sodium phosphate buffer, 750 mM sodium chloride buffer, pH
7.0) at a flow rate of 1 ml'min"' and a run time of 55 minutes. The elution profile is
shown in table 2. The temperature of the SynChropak WCX cation exchanger
column was kept constant at 25°C during the separation. The temperature of the
autosampler was 6°C. The sample components were detected at a wavelength of

280 nm using a diode array detector.

Table 2:Profile of the gradient for separating the antibody solution by means of

IEC
time eluant A eluant B
(min) (%) (%)
0.0 95 5
12.0 80 20
17.0 80 20
35.0 70 30
40.0 70 30
41.0 0 100
44.0 0 100
45.0 95 5
55.0 95 5




43.83 16.57 39.60 0 - 28 - A comparison of the elution profiles of the antibodies stored at -80C and
the antibodies incubated at 40C shows that a significant shift in charge into the acidic range was
induced by the incubation (cf. figure 6). Thus the intensity of the peak of the main sgecies (retention
time RT aboW @2 H8IR) that can be allocated to the intact antibody de&feased Sighihtantly from
about 61 % to about 40 % of the total area (cf. table 5), whereas the intensity of the peaks in the acidic
range of the elution profile (RT 12 - 18 mm) increaséd significantly (increase from about 8 % to about
44 % of the total area). The shoulder which is seen in the basic range of the non-stressed antibody
sample (RT 26 - 32 min) completely disappears during the incubation at 40C (cf. figure 6). In return the
shoulder in the ggigigopagt of the main peak (RT 19 - 22 min) increases in intensity in the case of the
stressed antibody splyfign. In this case the area increases from about 5 % to about 17 % of the total
area (cf. table 5). A comparison of the elution profile of the placebo buffer incubated at 40C with the

antbody solutiop incubaed a0 oy IALA%PARISASEI AR ALSSUIL L RdasgaURp o the
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was present in a B er(p at a concentration of 1 mg/ml. A dilution series
comprising thre€ditfelent 1deS concentrations was prepared for the enzyme addition to the digestion
solution. The final concentration of IdeS in the predilutions (V) was : 0.1 mg.m1.1 (V 1), 0.01 mgm1-1

(V 2) and 0.001 fgm38 dzys)tienaignationuRisstedr i dhe LRSI AGESD Wikk TFHEAYED BOFeFPH 8.0). The
antibody to be analjisedrwad prasenrtatmabnfertrtenef ¥8I5migt garashistitheedmdfered solution,
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of the Ides digegndivadiutipdoRAlS2 minishaker, IKA, Staufen). The homogenized antibody
solution was divided into 20 pl aliquots and stored at -80°C.

For the analysis by liquid chromatography and mass spectrometry, about 22 mg
antibody (¢ = 14.6 mgml™) was rebuffered in a 10 mM Tris/HCI buffer (pH 8.5)
and subsequently incubated for 30 days at 40°C.

Preparation of a heat-incubated placebo buffer solution

In order to ensure in later analyses that observed changes of the antibody solution
that result from storage at 40°C are not due to changes in the buffer solution, two
15 ml aliquots of the 10 mM Tris/HCl buffer were sterilized by filtration under low
germ level conditions and also incubated in the incubator (Venticell, MM-
Medcenter) for 30 days at 40°C. The subsequent procedure was carried out as for

the antibody solution.
Analysis of the heat-incubated solution by gel electrophoresis

The result of the gel electrophoretic separation of the antibody incubated at 40°C
and stored at -80°C is shown in figure 4. The incubation at 40°C results in the
formation of aggregates as well as of fragments of the antibody molecule (lane 6 and
10). The non-incubated antibody samples show the typical band pattern of an IgG1
molecule (cf. lane 4 and 5) under non-reducing conditions. The main band

corresponds to the intact antibody consisting of two heavy chains (HC) and two



enzyme: ldeS [pg] IdeS dilution [P11 antibody [pg (pi)] 50 mM Tris buffer [NU antibody in the digestion
no enzyme 50 (10)
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light chains (LC). In addition bands can be seen for antibody species whose
structure has not been completely preserved. These bands are the 2HC/LC species
which lacks a light chain, the half antibody (HC/LC), the free heavy chain (HC) and
the free light chain (LC) (cf. lane 4 and 5).

This typical band pattern is also basically seen in the non-reduced antibody sample
incubated at 40°C (cf. lane 6). The main band is again the intact antibody (2
HC/2LC). In addition bands occur for the various non-intact antibody species
(2HC/LC, HC/LC, HC, LC) at a higher intensity than the antibody sample stored at
-80°C. In addition further bands are formed in the stressed sample in the range
from about 90 kDa to > 200 kDa (cf. lane 6). The species which occur below the

main band are antibody fragments and those above the main band are aggregates.

Two bands which appear to be of particular interest for analysis by means of LC/MS
occur in the region of about 21 kDa (cf. lane 6). This is a non-covalent Fab
fragment in which the HC Fab fragment (AA 1-220) and the LC are not kept
together by a disulfide bridge ‘but rather by non-covalent interactions (ionic
interactions, hydrogen bonds, dipole-dipole interactions, van-der-Waals forces).
Since the samples are applied to the gel under denaturing conditions, HC Fab and
L.C appear as single bands in the gel (¢f. lane 6). In this connection the upper band
in the gel is LC (LC*) and the lower band is the HC Fab fragment (Cohen, S.L., et
al., J. Am. Chem. Soc., 129 (2007) 6976-6977). The remaining antibody which is
composed of the second Fab fragment and of the Fc fragment can be allocated to

 the band which occurs at a weak intensity in the region of 97 kDa and 116 kDa (cf.
lane 6).

The main bands in the separation under reducing conditions are the heavy (HC)
and the light chain (LC) (cf. lane 8, 9 and 10). In addition to the two main bands,
two further bands occur in the non-stressed antibody samples in the range between
about 97 kDa and 120 kDa with a lower intensity. These are covalent, non-reducible

aggregates (cf. lane 8 and 9).

The antibody solution incubated at 40°C shows the same band pattern as the non-
incubated antibody solution (cf. lane 10). The two bands which can be allocated to
the non-reducible species in the case of the non-stressed sample do not occur with a
very much greater intensity in the stressed sample (cf. lane 10). In addition to the
already mentioned species (HC, LC and the two covalent, non-reducible bands) a
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large number of additional bands occur in the range of about 30 kDa to 200 kDa in
the stressed antibody solution. These are reduced covalent aggregates, non-

reducible species and fragments of the reduced species (cf. lane 10).

The band of the non-reducible aggregate species which occurs in the gel at about
90 kDa to 95 kDa and which can be allocated to the half antibody is of particular
interest for the LC/MS analysis. The intensity of this band increases significantly as
a result of the incubation. The increase in intensity at this band is most likely due to
the formation of a thioether species. This species is a half antibody molecule with an
actual mass of 75 kDa whose HC and LC are not linked together by a disulfide
bridge but rather by a non-reducible thioether bridge (Tous, G.I, et al., Anal.
Chem. 77 (2005) 2675-2682).

Analysis of the heat-incubated solution by means of SEC

Size exclusion chromatography (SEC) gives an overview of the formation of stress-
induced fragments and aggregates. Since SEC is carried out under native conditions,
covalent as well as non-covalent aggregates are detected in the analysis. In order to
establish a connection between the formation of degradation products and the
incubation at 40°C, the non-stressed sample which was stored at -8G°C is also

analysed in addition to the stressed antibody solution.

Figure 5 shows the result of the SEC for the placebo buffer solution incubated at
40°C, the antibody incubated at 40°C and the antibody stored at -80°C. 50 pl or
50 ug antibody were applied in each case for the analysis. The results of the analysis
of the molecular weight standard served as a reference for determining the
molecular weight sizes of the components of the antibody solutions. They are listed
in table 4. Table 3 shows the percentages of the various antibody species in the
elution profile. The calculated percentages are based on the proportion of the
respective area of the peak of a certain species relative to the sum of the area of all

peaks which occur.



50 (10) 0 1 ug/ul The prepared digestion solutions were incubated for 0.5, 1.0, 2.0 and 5.0 hours at
37C. An antibody solution to which no enzyme was added was prepared as a zero control. For the
control solution 10 ul (50 1.ig) antibody was added by pipette to 40 ul 50 mM Tris/HCI buffer (pH 8.0).
The incubatiSPEe&#7#&d out for 5.0 h at 37C. In addition an antibody referehcs Siandard solution
(antibody in 20 mM histidine, 240 mM trehalose, 0.02 % Tween 20, pH = 6.0, ¢ = 16.5 mg.m14) was
diluted to a concentration of 1 mg-m1-1 with 50 mM*fris/HCI buffer (pH 8.0) as an additional control.
The reference standard solution was applied without prior incubation. The various antibody digestion
solutions were applied under non-reducing conditions. Example 4 Comparison of different sample
preparation methgids DElulediest #a SR Antittedyresasiredlidechamisi@ess8ddntibllbroethyl phosphate
(0.5 M in H20) at a concentration of ¢ = 1 mg-m1-1. For this purpose 38 pl TCEP solution.(0.5 M in
H20) was added to 5 pl gf the non-stressed antibody sol ti@hpéddﬂ&%g?mg.%l‘;mmbated for 30
min at 37C. Subsequently Hghanelsoulprsqlutioniwaseliluted W RIFRNETC|dy(d; g6 Wdiad a ratio 1:2
(VIv). After dilution with foriiéigitiePastetonce®iatiéh of the WsiEtdeness 0.5 MREd.2b The proportion
of formic acid was 0.5 %|(W&Y.The-sbhsign olﬁi‘l Wwag c&ttrid§ea Minispin, sEppendorf) for - 30 -
2 min at 13,400 rpm. The suﬁ@l’ﬂbigﬂt was care ﬂ/memoved pipette and {fahsferred to an

a_nalyt?cal tubepdt%{%tgz—pgg-_antihgj" Was pphed g f“c A the LC_,’:\, S cwf_.dq._::. |t?. IdeS
digestion and red :BH: igestion-with-deS-was-earriethout by-thetbatingr43-pg-antibody at a
concentration onP:rS 'm14. Fod##3 purpgse 5 id-8f the non-strd8s¥d antibody sdt@#on (c = 8.55
mg.m1-1) was ehitted-with-34-pt-50-mivt-FrisHC T buffer(p870); y Solation (0.25 mg-m1-1 in
50 mM Tris/HC1 buffer (pH 8.0)) was added and it was incubated for 2 h at 37C. Afterwards it was
reduced with 0.25 M TCEP (
the digested anti <BIE Bg H SR AR R BRE R AL O] G Gistaisil AR
incubated for 30 min at 37C. Subsequently the at olution was diluted with formic acid (1 0/0,
v/v) at a ratio 1:2 (v/v). After dilution with formic acjd the concentration of the antibody was 0.25
mgml-I. The proportion of forgjg acidwas 0.5, %; fﬁ@ﬁphtibd@&eé%mﬁiﬁﬁl@btained was centrifuged
(Minispin, Eppendorf) for 2 min at 13,400 rpm. The sup srnatant R carefully removed with a pipette
and transferred to an analytiearsipkuld 1) (2 gffantidody wasldghlied to the column in the LC/MS
experiments. Example 5._gamma globulin 158 15.8

Hgvecs [ vfiEiat

ovatbumin 44 18.5
myoglobin 17 204
vitamin B12 1.35 234

The elution profile of the stressed antibody species correlates with the results of the
SDS-PAGE. The results of the SEC also show that aggregates have been formed and
that the antibody has been degraded during the incubation (cf. figure 5).

The main species with a retention time of about 15 — 16.5 min. which can be
assigned to the intact antibody, decreases during the incubation at 40°C from about
96 % to 72 % of the total area (cf. table 3). The retention time of the main species
(RT 15 - 16.5 min) corresponds to a molecular weight of about 150 kDa based on
the molecular weight standard (cf. table 4). The aggregates with a molecular weight
of > 158 kDa (cf. table 4) elute in a time window of about 12 - 14.5 minutes. The
peak with this elution time increases as a result of the incubation at 40°C from
about 3 % to about 12 % of the total area {cf. table 3). A clear shoulder forms in the
decreasing region of the peak of the main species (RT about 16.5 ~ 18 min.) in the
elution profile of the stressed antibody which has an area proportion of about 11 %
and which does not occur to this extent in the antibody solution stored at -80°C
(cf. figure 5). The antibody species which elute in the region of the shoulder have a
molecular weight of about 70 kDa to 120 kDa (cf. table 4). These are species sue’



LC-MS analytical method The antibody was firstly digested with IdeS, then deglycosylated and
subsequently reduced for the LC/MS analyses for characterizing the degradation products of the
antibody. IdeS digestion For the digestion with IdeS, 4 pi IdeS solution (¢ =- 0.25 mg-m1-1 in 50 mM
Tris/HCI buff&® 58—?9@%2\7/\%5 added in each case to 7.9 ul of the stressed gﬁﬁ%&{}" I10%0%6 mg-m1-1)
and to 5.8 ul of the non-stressed antibody (¢ = 8.55 mg.m1-1). The solution was diluted with 50 mM
Tris/HC1 buffer (pH 8.0) to an antibody concentratiof 6f 1 mgml1 and incubated for 2 h at 37C. The
enzyme: antibody ratio was 1:50. - 31 - Deglycosylation with N-glycosidase F The glycostructures of
the heavy chain of the antibody were cleaved off with the aid of the enzyme N-glycosidase F. The
N-glycosidicallytheuatf sHge e denyadtfieldheidies wigestidigloydniu @ity bE parahtibody

concentration ot5,4g {1tk 5A RMEUBECE Raffe e 80 Hhedeauaoeesriniiaied by adding
0.5 pl (activity: 10 Um1-1) N-glycosidas mcuEatlgan washcteggled out,for 48 37C, Reduction -

eF.Th
Example 1 The RauiBHWATER TR &ﬁlrgﬁgéhaenﬁ? G Eston antav?]%}gﬁf?ggéfla ion Sndadding 60 pl
TCEP (trichlorod@kiPplicfstaideet) 0Bwhas i 20)C sk dglishtphnia &HQ&E@WH§%¥MW§R formic acid
(1 %, vIV) at a ratienefnbr-(uidlan Habtfagmraesliiatinnok it mgdod] Thispebkainadafes tae antibody in
the reduction solution, JhE SaReaRAaN AFLEER RS & LM olf e IORAMISR.Oldotmik 3id in the
solution was 0.5 % (wiv). The incubation was carried out in the presence of both formic acid and TCEP
for 30 min at 37C,. Subsequently.the antibody. seluti ' | or 2 min at
13400 rpm (Min@}ﬁr‘f?g [a;](elﬁ%noﬁ/’s. | %%ﬁ%%%ggﬁ%&%éh@ér%ﬁIggéé%%ud\g %%{)?gét%gdg%%}{(ransferred to
an analytical tutsge antibody sobgomsybatert ABSERPTS 8t S TR Ifﬁﬁl\?f’éu‘f&%g Mment (figure
8). Reduction -Braubpte2 dihberbdffetion was carried out after the IdeS digestion and deglycosylation
by adding 60 pl TCEP (trichloroethyl phosphate; 0.5 M in H20). Subsequently the mixture was diluted
with formic acid Ah&¥ysiv/of the heatimofti@d shipgorthgmaegonctiifation of 0.16 mg.m11 was obtained
for the antibody in the reduction solution. The concentration of TCEP was 0.1 M, the proportion of
formic acid in the,aolutigmpéashPemYbcgviphyT HEM Cis hatiablwés chedngutlinnge jredenge of both
formic acid and TCEP. fon10,min 206, SUASREURANYPaRERRdY Solution that was obtained was

centrifuged for 2 min at 13400 rpm (Minispin, Eppendorf). The supernatant was carefully removed by

pipette and tranf,fecr)(rrfe?l(grt?ozgFag\%%/tggsi:gt?lé?& (]:sgr Jol} @elBQ.) )2 gg, was. 2nplied &9’ tﬁ%.qggHmn in the

LC/MS experimerrln ure’ LC separation procedure The RP separation of the
preparations Wééfééﬁ"r%éﬂ‘%‘?‘bh%‘ﬁ AP ﬁtﬁd‘@é‘ﬁ%ﬂé OR titin pRUPRARIAS 8F8gcfégasser, a
capillary pump, €0fiicro autosampler with a temperature control unit, a column oven and a multi
wavelength detector (Agilent, Waldbronn). A Jupiter C18 column (Phenomenex, Aschaffenburg) of 3.5
pm particle size F3@fe/% phoersite ahthimavigethe ditiandiontht. x 26bangn wasrosedrfphthe standard
Sepafaﬁg” WhifTEbF%@!@%%@&&H"%&fﬁﬁem@ ﬂmmergda@dcmsamﬂl@gmmg serafationWasassried out at
75 Cand at a flowrate of 40 . . T ' i were applied t Colu r.each. preparation.
The sample co gﬁ%ﬁ?@“%%?é“e ﬁ?g\%%v%# gﬁr%a%rg:gc?]l:é?e%?ﬁ%‘gg&g%t%&%ﬁ%ggﬁwg%gn%Iuant A (0.5
% formic acid infPT2B§\F0F) A0 BASPRTESR TS, P B JaHGP 2P 98 SRt ShRE 9 BEOHS 'End 0.5 %
formic acid (v/v)jhdablén7 shkws. tidoraiitelaktheegradiegtsuster foe tHe autipertions of the

respective area of the peak of a certain species relative to the sum of the area of all

peaks that occur.

Table 5: Evaluation of the IEC for the stressed and the non-stressed antibody

acidic range shoulder in the main peak shoulder in the
(RT~12- acidic range (RT | (RT~22-25 basic range
18 min) ~ 19—~ 22 min) min) (RT ~ 26 — 32 min)
[%] [%] (%] [%]
- 80°C 7.69 4.52 60.75 27.04
40°CI30 43.83 16.57 39.60 0
days




Table 7:Gradient profile for the RP separation Time [min) Eluant B [To} Slope reluant Bmin-Il 0 20 - 7
2009252.5029501.25 32
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A comparison of the elution profiles of the antibodies stored at -80°C and the
antibodies incubated at 40°C shows that a significant shift in charge into the acidic
range was induced by the incubation (cf. figure 6). Thus the intensity of the peak of
the main species (retention time RT about 22 — 25 min) that can be allocated to the
intact antibody decreased significantly from about 61 % to about 40 % of the total
area (cf. table 5), whereas the intensity of the peaks in the acidic range of the elution
profile (RT 12 ~ 18 min) increased significantly (increase from about 8 % to about
44 % of the total area). The shoulder which is seen in the basic range of the non-
stressed antibody sample (RT 26 — 32 min) completely disappears during the
incubation at 40°C (cf. figure 6). In return the shoulder in the acidic part of the
main peak (RT 19 - 22 min) increases in intensity in the case of the stressed
antibody solution. In this case the area increases from about 5 % to about 17 % of
the total area (cf. table 5). A comparison of the elution profile of the placebo buffer
incubated at 40°C with the antibody solution incubated at 40°C shows that no peaks

occur as a result of the incubation of the buffer.

Charge shifts into the acidic range which are induced by the incubation of an
antibody are usually mainly due to deamidation reactions. In deamidations an
amino group is replaced by a hydroxyl group which introduces an additional
negative charge into the molecule. The result of the IEC chromatogram shows that
deamidations and other changes in charge have occurred to a high degree as a result
of the incubation at 40°C.

Example 3
Optimization of the 1de$ digestion

The enzyme IdeS was present in a 50 mM Tris/HCl buffer (pH 8.0) at a
concentration of 1 mg/ml. A dilution series comprising three different IdeS
concentrations was prepared for the enzyme addition to the digestion solution. The
final concentration of IdeS in the predilutions (V} was : 0.1 mg-mi'1 (V 1),
0.01 rng-ml'1 (V 2) and 0.001 mg-m}'E (V 3). The dilution was carried out using
50 mM Tris/HCl buffer (pH 8.0).

The antibody to be analysed was present at a concentration of 15.5 mg/ml in a
histidine-buffered solution, pH 6.0. The antibody solution was diluted to a
concentration of ¢ = 5 mg-mi" with 50 mM Tris/HCl buffer {pH 8.0) for the
addition to the digestion solution.



100 16.67 37 100 0 38 20 -80 50 20 0 The eluted sample components were detected with the aid of a
UV-detector at a wavelength of 280 nm. For the online TOP mass analysis, the HPLC system was
coupled to a 60{&{51 S CT mass spectrometer (Waters, Eschborn). A b ecorded by
injecting 10 B%]eluantgi). ass spectrometric analysis The online ESI-TOF mass a%glldﬁsﬁi)ss?“(;)f the eluate
of t_he LC separation was carried out on a micromass LCT mass spectrometer (Waters, Eschborn)
which was equipped with an electrospray ion souréé’The data were recorded in a mass range of 600-

2000 amu (atomic mass units) in the positive mode (ES) at a cone temperature of - 33 -

The pipetting scheme for the preparation for the digestion solutions is listed in
table 6.

Table 6: Pipetting scheme for the preparation of the IdeS digestion solutions.

. IdeS . 50 mM antibody in
Ratio . antibody .
IdeS [pg] | dilution Tris buffer the
enzyme: [pg (l-ll)] . .
(] fd] digestion

no enzyme 50 (10) 40 1 pg/ul
1:50 1.00 10(V1) | 50(10) 30 T g/l
1:125 0.40 40 (V 2) 50 (10) 0 lpg/ul
1:1250 0.04 40(V3) | 50 (10) i 1 pg/ul

The prepared digestion solutions were incubated for 0.5, 1.0, 2.0 and 5.0 hours at
37°C. An antibody solution to which no enzyme was added was prepared as a zero
control. For the control solution 10 ul (50 pg) antibody was added by pipette to
40 pl 50 mM Tris/HCl buffer (pH 8.0). The incubation was carried out for 5.0 h at
37°C.

In addition an antibody reference standard solution (antibody in 20 mM histidine,
240 mM trehalose, 0.02 % Tween 20, pH = 6.0, ¢ = 16.5 mg'mi™") was diluted to a
concentration of 1 mg-mi” with 50 mM Tris/HCl buffer (pH 8.0) as an additional

control. The reference standard solution was applied without prior incubation.

The various antibody digestion solutions were applied under non-reducing

conditions.

Example 4
Comparison of different sample preparation methods

Only reduced:

43 pg Antibody was reduced with 0.43 M trichloroethyl phosphate (0.5 M in H,0)
at a concentration of ¢ = 1 mg'ml™’. For this purpose 38 pl TCEP solution (0.5 M in
H,O) was added to 5 il of the non-stressed antibody solution (¢ = 8.55 mg-mi™)
and incubated for 30 min at 37°C. Subsequently the antibody solution was diluted
with formic acid (1 %, v/v) at a ratio 1:2 (v/v). After dilution with formic acid the
concentration of the antibody was 0.5 mg'ml”. The proportion of formic acid was
0.5 % (v/v). The solution obtained was centrifuged (Minispin, Eppendorf) for



80C and a desolvation temperature of 100C. The capillary voltage was 3000 V, the cone voltage was
30V, the RF lens voltage was 400 V and the extraction cone voltage was 1 V. The other parameter

settings for tQ@ E2§d ;l['}%%lzz Ignass analysis are summarized in table 8. Table Bc %@@mgﬁﬁgm%%ttmgs of the
eter

LCT mass spectro arameter Settings aperture (V) 2.0 acceleration (V) 200 focus (V) 0.0
steering (V) 0.7 ion energy (V) 29.0 tube lens (V) 283% TOF flight tube (V)

2 min at 13,400 rpm. The supernatant was carefully removed with a pipette and
transferred to an analytical tube. 4 ul (2 pg) antibody was applied to the column in
the LC/MS experiments.

IdeS digestion and reduction:

| Digestion with [deS was carried out by incubating 43 pg antibody at a
concentration of 1 mg-ml". For this purpose 5 pl of the non-stressed antibody
solution (¢ = 8.55 mg-ml™) was diluted with 34 ul 50 mM Tris/HCl buffer (pH 8.0),
4 pl IdeS solution {0.25 mg-ml” in 50 mM Tris/HCl buffer (pH 8.0}) was added and
it was incubated for 2 h at 37°C. Afterwards it was reduced with 0.25 M TCEP
(0.5M in H;0) at a concentration of 0.5 mg-ml”. For this purpose 35 pl of the
digested antibody solution {¢ =1 mg-ml”) was added to 35 ul TCEP solution (0.5 M
in H,0) and incubated for 30 min at 37°C. Subsequently the antibody solution was
diluted with formic acid (1 %, v/v) at a ratio 1:2 (v/v). After dilution with formic
acid the concentration of the antibody was 0.25 mg-ml™. The proportion of formic
acid was 0.5 %. The antibody solution obtained was centrifuged (Minispin,
Eppendorf) for 2 min at 13,400 rpm. The supernatant was carefully removed with a
pipette and transferred to an analytical tube. 8 pl (2 pg) antibody was applied to the

column in the LC/MS experiments.

Example 5
LC-MS analvtical method

The antibody was firstly digested with IdeS, then deglycosylated and subsequently
reduced for the LC/MS analyses for characterizing the degradation products of the
antibody.

IdeS digestion

For the digestion with IdeS, 4 pl Ide$ solution (¢ = 0.25 mg-ml” in 50 mM Tris/HCl
buffer, pH 8.0) was added in each case to 7.9 pl of the stressed antibody (¢ = 6.26
mg-ml™') and to 5.8 pl of the non-stressed antibody (¢ = 8.55 mg-ml”). The solution
was diluted with 50 mM Tris/HCI buffer (pH 8.0) to an antibody concentration of
1 mg'ml” and incubated for 2 h at 37°C. The enzyme: antibody ratio was 1:50.



4600.0 reflectron (V) 1770.0 cone gas flow (L/hr) 64 desolvation gas flow (L/hr) 392 Resolution 4000.0
lock n:jass 0.0000 mass window +1- 1.0000 The one point calibration (LTeff determination) was

carried out using. 0.085 % H3PO4 in 50 % acetonitrile which was fed into SS S rometer at a
flow rate of 5%?%Wiﬂ§9ﬁ%8the aid of a Hamilton pump (pump 11, Harvard gﬁ@%@%ﬁﬁ%g mass
accuracy was - 100 ppm. The data were evaluated with the aid of the Mass Lynx 4.0 data recording
software. Example 6 Comparison of the mass spe'c\%el{of the Pursuit diphenyl column with those of the
Jupiter C18 column

Deglycosylation with N-glycosidase F

The glycostructures of the heavy chain of the antibody were cleaved off with the aid
of the enzyme N-glycosidase F. The N-glycosidically bound sugars were cleaved
after the Ide$ digestion by incubation at an antibody concentration of 0.5 mgml™
in 50 mM Tris/HCl buffer (pH 8.0). The cleavage was initiated by adding 0.5 pl
(activity: 10 U-ml™) N-glycosidase F. The incubation was carried out for 4 h at
37°C.

Reduction ~ Example 1

The reduction was carried out after the IdeS digestion and deglycosylation by
adding 60 pl TCEP (trichloroethyl phosphate; 0.5 M in H,O). Subsequently the
mixture was diluted with formic acid (1 %, v/v) at a ratio of 1:2 (v/v) so that a
concentration of 0.16 mgml’ was obtained for the antibody in the reduction
solution. The concentration of TCEP was 0.1 M, the proportion of formic acid in
the solution was 0.5 % (w/v). The incubation was carried out in the presence of
both formic acid and TCEP for 30 min at 37°C. Subsequently the antibody solution
that was obtained was centrifuged for 2 min at 13400 rpm (Minispin, Eppendorf).
The supernatant was carefully removed by pipette and transferred to an analytical
tube. 13 ul (2 pg) antibody was applied to the column in the LC/MS experiment
(figure 8).

Reduction — Example 2

The reduction was carried out after the IdeS digestion and deglycosylation by
adding 60 ul TCEP (trichloroethyl phosphate; 0.5 M in H;O). Subsequently the
mixture was diluted with formic acid (1 %, v/v) at a ratio of 1:2 (v/v) so that a
concentration of 0.16 mg-ml” was obtained for the antibody in the reduction
solution. The concentration of TCEP was 0.1 M, the proportion of formic acid in
the solution was 0.5 % (w/v). The incubation was carried out in the presence of
both formic acid and TCEP for 10 min at 70°C. Subsequently the antibody solution
that was obtained was centrifuged for 2 min at 13400 rpm (Minispin, Eppendorf).
The supernatant was carefully removed by pipette and transferred to an analytical
tube. 13 pl (2 pg) antibody was applied to the column in the LC/MS experiment
(figure 9).



As with the Jupiter CI8 column, the Pursuit diphenyl column only enabled a partial separation of the
oxidized HC-Fc species (23778 Da) in a preshoulder of peak 1 (cf. figure 8). Also no improvement of
the separati Vg‘f 1? \éed for the pyroglutamate species of the light chgj 8%%1;9(% té@&)dy It eluted
in the Jupiter umn as well as in the Pursuit diphenyl column in pea ith a comparable
resolution. The HC-Fab fragment (amino acids (AA) 1-220) also co-eluted in the two columns with the
intact HC-Fab species in the last peak of the elution %?mflle Thus it was also not possible to separate
this fragment in a discrete peak in the - 34 - separation using the Pursuit diphenyl column. A
comparison of the mass profiles of the Jupiter C18 and of the Pursuit diphenyl column additionally
showed that the RpaEPDE pesusstd @ bHaeeBursuit diphenyl column correlated with peak 4 of the Jupiter
column. Both showed a mass of 33630 Da which can be allocated to the Ides enzyme. In addition

peak 5 of the PursuikBPegQme @melsn@ aeatkbaealsﬁc@me@ Jutpiien S Agikaimoo oapotiT cases the

masses of the thioether- conta HC Fa omple ), tQ)‘? paaasls (gg dngempletely
reduced HC- Fab)fsr%agm@ng@ 4 acﬁ RE mass %%(p’\@%%& aese FC (34 O%FB occur. In contrast

peak 4 of the PutstAFdiPRERGI E@F&Wn%és%&?hﬁﬁ%l&f’é%ﬁﬁdaﬁy‘ﬁegk Eﬂﬂﬂ‘? B ©48%column and
thus constitutes gAdiféereiteldbridven &l utidnptefil€ I6f tbrdupit@habdcotsmhschiafiepeaic bxdiibits the

mass 48916 Da ywWch panibe ﬁH@%@G&tpoﬂéesﬁyQﬁ&ﬁﬁﬁﬂg@ﬁ%ﬁﬂ%&m%&%@kﬁ@aﬂhls mass
corresponds to the %u?lec%lar vgelggfrt fsj[eg’gr% avy ¢ ahn of Qee%&qugyre}&gn@a 49118 Da thus
C nt

represents the intac heavy Thamn o y that is uAcleaved as een separated

from the remainiftj AREISERPHB SRS IR r SRS cHBRTLAHY the’ éoﬁré@%lﬂs ¢ P atation.
Differences.in thel-comipaFison:gfatiibedytiverpragfitbedf th shsverkwiumfns cach gisepaweinin The case of

peak la which 'Sﬁﬁigﬂ@@ﬁ%ﬂﬂﬁeMSt%&llﬂ%cpmfﬂﬁ@B{B&Q%@Ezﬁlﬁﬁmﬂnﬁe&mgt@&bwmg a
e maoor: FuiR SRRAATH HPRAEE SLIS PSS IPLEIY AR LSBARBRAIBI 0 doare e
to a HC fragmen WIHIC 83 been formed as a res an As Pro c béetw rtic acid
271 (D271) and %’réﬁ?f@‘??ﬂ?ﬁ%%@ﬁ‘?&?eﬁcfﬁf Wx‘&%‘&f ﬂ%‘é) b?%‘?fﬁ?n N s c?%rgéa Asp-Pro
cleavage has a vhigafi2808&i0a. theretetiis mass occurs in the mass spectrum of the stressed as
well as in the mass spectrum of the unstressed antibody, this cleavage product is not a degradation
product that is obtained as a resltbikthe b wn pulsBiidor hitRIugipatusidragment is not explicitly
formed by the 40C incubation, it is nevertheless a degradation product of the antibody which can only
be separated by the Pursuftidipheiwil cplEimmtiB 1k caSlopé [HeauBteit'i8 column this fragment
occurs together with the oxidize@l specjes in tb@ shoulder of peak 1 which indicates a better separation
performance of the Pursuit diphenyl cdlumn. 2035 - Alcomparisof between the Pursuit diphenyl and
the Jupiter C18 column shows that the| Pursu®>dipherjyl columr?#8s better separation properties than
the Jupiter C18 column in QPP(‘?ﬁI respects (r‘f’ eak| and nn:-ﬂ} 49 and-has-comparable results in other
regards. Thus it was possi ffer‘f' jely. 'PJ’ Pove the MM'fa]*% {of the antibody species. 36 Claims
1.Method for detecting 1g& antigz‘dics 1nd Ig\z,eant:bo y-free 3 th-a-sample, characterized in that it
comprises the following steps—ggpfew*ﬁga-ﬁampie—vmtImﬂgms—anﬂgG antibody and/or IgG
antibody fragments, b) inettrating-thre-sampte-providedtmdera)wittr 1) thetgG-specific cysteine
protease ldeS,

The eluted sample components were detected with the aid of a UV-detector at a
wavelength of 280 nm. For the online TOF mass analysis, the HPLC system was
coupled to a micromass LCT mass spectrometer (Waters, Eschborn}. A blank value

was recorded by injecting 10 pl eluant A.

Mass spectrometric analysis

The online ESI-TOF mass analysis of the eluate of the LC separation was carried out
on a micromass LCT mass spectrometer (Waters, Eschborn) which was equipped
with an electrospray ion source. The data were recorded in a mass range of 600-

2000 amu (atomic mass units) in the positive mode (ES”) at a cone temperature of



i) N-glycosidase F, and iii) the reducing agent trichloroethyl phosphate and formic acid; whereby the
incubation in steps b)-i), b)-ii) and b)-iii) is sequentially, c analysing the sample incubated under b) by
means of a ‘i?;%pgl&% /“?#1% chromatography and mass spectrometry to det?, 8. niastantibody and/or
to detect fragments of the antibody contained in the sample provided under a). 2.Method according to
claim 1, characterized in that the 1gG-specific cysteine protease has the amino acid sequence SEQ ID
NO: 1. 3.Method according to one of the claims 1 to ¥ tharacterized in that the glycosidase has the
amino acid sequence SEQ ID NO: 2. 4.Method according to one of the previous claims, characterized
in that the liquid chromatography is a reverse phase liquid chromatography. 37 5.Method according to
claim 4, charactegirearithatdielratierseppaseuch idhzatgribhyapiliptp yoltaghrom 60 rapte material
‘(’:Vr']tr*;rggtgggﬁ %ﬂg%%ﬁdage%%?@lé ?CQﬁEtdmg 1@9%@%@%@%\& t9nd, aﬁaéa%&ﬁé@dciiﬁhwat the liquid

raphy i ydro interaction chromatography. 7. ccording to.claim 6,
characterized in ‘thi&he" T‘fy%lr p oBiStmefePaaé%‘ﬁ‘E%PS‘r%% %%pﬁ%%?g% rg%sr%rr%l fclagg?g%hy material
with dipheny! resifomgrized in table 8.

Table 8: Parameter settings of the LCT mass spectrometer

Parameter Settings
aperture (V) 2.0
acceleration (V) 200
focus (V) 0.0
steering (V) 0.7

ion energy (V) 29.0
tube lens (V) 28.0
TOF flight tube {V) R 46000 ¢
reflectron (V) 17700
cone gas flow (L/hr) 64
desolvation gas flow (L/hr) 392
Resolution 40000
lock mass (.0000
mass window /- 1.0000

The one point calibration (LTeff determination) was carried out using 0.085 %
H3PO, in 50 % acetonitrile which was fed into the mass spectrometer at a flow rate
of 5 pl'min"" with the aid of a Hamilton pump (pump 11, Harvard Apparatus). The
mass accuracy was ~ 100 ppm. The data were evaluated with the aid of the Mass
Lynx 4.0 data recording software.

Example 6
Comparison of the mass spectra of the Pursuit diphenyl column with those of the

Jupiter C18 column

As with the Jupiter C18 column, the Pursuit diphenyl column only enabled a partial
separation of the oxidized HC-Fc species (23778 Da) in a preshoulder of peak 1 {(cf.
figure 8). Also no improvement of the separation was achieved for the
pyroglutamate species of the light chain of the antibody. It eluted in the Jupiter C18
column as well as in the Pursuit diphenyl column in peak 3a with a comparable
resolution. The HC-Fab fragment (amino acids (AA) 1-220) also co-eluted in the
two columns with the intact HC-Fab species in the last peak of the elution profile.
Thus it was also not possible to separate this fragment in a discrete peak in the



8.Use of the 1gG-specific cysteine protease ldeS from Streptococcus pyogenes for detecting
antibodies or antibody fragments in a sample, characterized in that the sample is incubated with the

lgG-specific gysteine protease and, after incubation with N-glycosidase F fr rium
meningosepﬁxzﬁ% i.Eatg(r?]ﬂé)(l’%l"qrseducing agent and formic acid, the fragments ob%%giﬁgﬁ?}%@sed by
means of a coupled liquid chromatography and mass spectrometry. 9.Kit for detecting antibodies or
antibody fragments, characterized in that the kit cortains i) the 1gG-specific cysteine protease ldeS
from S. pyogenes, and ii) the glycosidase N-glycosidase F from Flavobacterium meningosepticum.
10.Method for detecting modified antibody forms in a sample, characterized in that it comprises the
following steps:sapqreoiiding senfresvihiipheopitamsran antivopsranadithe tieavagélgrofiucts, b)
:\rllculbatln% the fzt%@m?ipépﬁf’@‘érwgﬁﬂ@twmlﬁi)dk}ﬁlﬁu&?@f&%ﬁkﬁpmtﬁgﬂﬁlw@w dgllﬁﬁhé) ]
-glycosidase F, iil) the redugcing.agent trichlojo sphate a rmig aci the
incubation in st ass_%)q?),pﬁig;)gan% l:t)%iii li‘srsél(;alqé’g’n ?gﬁrilpcc(}?glr?gl %?ﬁlgq?[ e sg}@plge%\{c\gb(g{g é{mder b) by
means of a hydf8pieiorelHErRedS P\Y@ﬁ]&f@@%ﬁf@éﬁ%%&g&? gerdariyrasdiftPaitBbdy forms in
the sample.  enzyme. In additiofbeeplehcé thstugsail 108 dolibhafforarsetea Rotheah G 110> Stability

testing of antib%ﬁef&@%aﬂéﬂ‘g WEOhth cases the masses of the thioether-containing HC-Fab-
LC complex (48918 Da), the mass of the incompletely reduced HC-Fab fragment
(25377 Da) and the mass of N-glycosidase F (34783 Da) occur.

In contrast peak 4 of the Pursuit diphenyl column does not correlate with any peak
of the Jupiter C18 column and thus constitutes a difference to the elution profile of
the Jupiter C18 column. This peak exhibits the mass 48916 Da which can be
allocated to the thioether species and the mass 49118 Da. This mass corresponds to
the molecular weight of the heavy chain of the antibody. The mass 49118 Da thus
represents the intact heavy chain of the antibody that is uncleaved by IdeS which
has been separated from the remaining antibody molecule by reduction during the

course of sample preparation.

Differences in the comparison of the elution profile of the two columns are also
seen in the case of peak la which is not detectable in the elution profile of the
Jupiter C18 column. A species having a mass of 20037 Da is separated in peak 1a of
the Pursuit diphenyl column. It is possible to allocate this to a HC fragment which
has been formed as a result of an Asp-Pro cleavage between aspartic acid 271
(D271) and proline 272 (P272). The theoretical mass of the C-terminal fragment of
the Asp-Pro cleavage has a value of 20033 Da. Since this mass occurs in the mass
spectrum of the stressed as well as in the mass spectrum of the unstressed antibody,
this cleavage product is not a degradation product that is obtained as a result of the
40°C incubation. Although this fragment is not explicitly formed by the 40°C
incubation, it is nevertheless a degradation product of the antibody which can only
be separated by the Pursuit diphenyl column. In the case of the Jupiter C18 column
this fragment occurs together with the oxidized species in the shoulder of peak 1

which indicates a better separation performance of the Pursuit diphenyl column.



<150> EP 07024863.8 <151> 2007-12-21 <160> 2 <170> PatentIn version 3.2 <210> 1 <211> 339
<212> PRT <213> Streptococcus pyogenes <400> 1 Met Arg Lys Arg Cys Tyr Ser Thr Ser Ala Ala Val

Leu Ala Alg \é;é%%%&%g hr Leu Phe Val Leu Ser Val Asp Arg Gly Val lle éﬁﬁf% %h?g% & 202530 Ser
ulle

Ala Asn Gin yr Set Glu Val Thr Pro Tyr His Val 354045 Thr S ys Gly Val
Thr Pro Pro Ala Asn Phe Thr Gin 505560 Gly Glu Asp Val Phe His Ala Pro Tyr Val Ala Asn Gin Gly Trp
Tyr GS707580 Asp lle Thr Lys Thr Phe Asn Gly Ly"s3 Sp Asp Leu Leu Cys Gly Ala

A comparison between the Pursuit diphenyl and the Jupiter C18 column shows that
the Pursuit diphenyl column has better separation properties than the Jupiter C18
column in special respects (cf. peak la and peak 4) and has comparable results in
other regards. Thus it was possible to effectively improve the separation of the

antibody species.



859095 Ala Thr Ala Gly Asn Met Leu His Trp Trp Phe Asp GIn Asn Lys Asp 100105110 GlIn lle Lys Arg
Tyr Leu Glu Glu His Pro Glu Lys GIn Lys lle Asn 115120125 Phe Asn Gly Glu Gin Met Phe Asp Val
Lys Glu Ala lle Asp Thr Lys 130135140 Asn His GIfteu Asp Set Lys Leu Phe Glu Tyr Phe Lys Glu
Lys Ala 145150155160 2 - lle Asp Met Phe lle Asn Gly Tyr Arg Leu Set Leu Thr Ass His Gly
180185190 Pro Thr Pro Val Lys Glu Gly Set Lys Asp Pro Arg Gly Gly lle Phe 195200205 Asp Ala Val
Phe Thr Arg Gly Asp Gin Set Lys Leu Leu Thr Selfg,210215220

1. Method for detecting IgG antibodies and IgG antibody fragments in a

sample, characterized in that it comprises the following steps:

a) providing a sample which contains an IgG antibody and/or 1gG antibody

fragmenits,
b) incubating the sample provided under a) with

1) the IgG-specific cysteine protease I1deS,

i1} N-glycosidase F, and

iii) the reducing agent trichloroethyl phosphate and formic acid,
whereby the incubation in steps b)-i), b)-ii) and b)-iii) is

sequentially,

c) analysing the sample incubated under b) by means of a coupled liquid
chromatography and mass spectrometry to detect the intact antibody
and/or to detect fragments of the antibody contained in the sample

provided under a).

2. Method according to claim 1, characterized in that the IgG-specific cysteine

protease has the amino acid sequence SEQ ID NO: 1.

3. Method according to one of the claims 1 to 2, characterized in that the

glycosidase has the amino acid sequence SEQ ID NO: 2.
4. Method according to one of the previous claims, characterized in that the

Hquid chromatography is a reverse phase liquid chromatography.



His Asp Phe Lys Glu Lys Ass Leu Lys Glu lle Set Asp Leu lle Lys 225230235240 Lys Glu Leu Thr Glu
Gly Lys Ala Leu Gly Leu Set His Thr Tyr Ala 245250255 Ass Val Arg lle Ass His Val lle Asn Leu Trp
Gly Ala Asp Phe Asp 260265270 Set Asn Gly Asn L¥u Lys Ala lle Tyr Val Thr Asp Set Asp Set Ass
275280285 Ala Set lle Gly Met Lys Lys Tyr the Val Gly Val Ass Set Ala Gly 290295300 Lys Val Ala lle
Set Ala Lys Glu 11 Lys BhitAdpchsdidietGaiklad 306310845828 Genevakt phasly Leu Phe Thr Leu Set

Thr Gly GIn Asp Set Trufss34p3303 30 G0 I SR 5RH atdd R £4 5PA 2 ER 213>

Fiavobacterium ameridies

6. Method according to one of the claims 1 to 3, characterized in that the liquid

chromatography is a hydrophobic interaction chromatography.

7. Method according to claim 6, characterized in that the hydrophobic interaction

chromatography employs a chromatography material with diphenyl residues.

8. Use of the IgG-specific cysteine protease IdeS from Streptococcus pyogenes
for detecting antibodies or antibody fragments in 2 sample, characterized in
that the sample is incubated with the IgG-specific cysteine protease and, after
incubation with N-glycosidase F from Flavobacterium meningosepticum and a
reducing agent and formic acid, the fragments obtained are analysed by means

of a coupled liquid chromatography and mass spectrometry.

9. Kit for detecting antibodies or antibody fragments, characterized in that the kit

contains

i) the IgG-specific cysteine protease 1deS from S. pyogenes, and

ii) the glycosidase N-glycosidase F from Flavobacterium meningosepticum.

10. Method for detecting modified antibody forms in a sample, characterized in

that it comprises the folowing steps:
a) providing a sample which contains an antibody and/or its cleavage products,
b) incubating the sample provided under a) with

i) the IgG-specific cysteine protease IdeS,
i1} N-glycosidase F,
iii) the reducing agent trichloroethyl phosphate and formic acid,

whereby the incubation in steps b)-1), b)-ii) and b)-iii} is sequentially

¢) analysing the sample incubated under b) by means of a hydrophobic
interaction chromatography and thereby detecting modified antibody forms

in the sample.



<400> 2 Ala Pro Ala Asp Ass Thr Val Ass lle Lys Thr Phe Asp Lys Val Lys 151015 Ass Ala the Gly
Asp Gly Leu Ser Gin Set Ala Glu Sly Thr Phe Thr 202530 - 3 - Asn Glu Cys Pro Asn Lys Thr Cys Asp
Glu Trp Asp Arg Tyr Ala Asn 505560 Val Tyr Val Lys Asn Lys Thr Thr Gly Glu Trp Tyr Glu lle Gly Arg
65707580 Phe lle Thr Pro Tyr Trp Val Gly Thr Glu Lys Leu Pro Arg Gly Leu 859095 Glu lle Asp Val
Thr Asp Phe Lys Ser Leu Leu Ser Gly Asn Thr Glu 100105110 Leu Lys lle Tyr Thr Glu Thr Trp Leu Ala
Lys Gly Arg Glu Tyr Ser 115120125 -1-
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<400> 1

Met Arg Lys Arg Cys Tyr Ser Thr Ser Ala Ala Val Leu Ala Ala Val
1 5 10 15

Thr Leu Phe Val Leu Ser Val Asp Arg Gly Val Ile Ala Asp Ser Phe
20 25 a0

Ser Ala Asn Gln Glu Ile Arg Tyr Ser Glu Val Thr Prc Tyr His Val
35 40 45

Thr Ser Val Trp Thr Lys Gly Val Thr Pro Pro Ala Asn Phe Thr Gln

Gly Glu Asp Val Phe His Ala Pro Tyr Val Ala Asn Gln Gly Trp Tyr
65 70 5 B8O

Asp Ile Thr Lys Thr Phe Asn Gly Lys Asp Asp Leu Leu Cys Gly Ala
B5 90 a5

Ala Thr Ala Gly Asn Met Leu His Trp Trp Phe Asp Gln Asn Lys Asp
100 105 110

Gln Ile Lys Arg Tyr Leu Glu Glu His Pro Glu Lys Gln Lys Ile Asn
115 120 125

Phe Asn Gly Glu Glmn Met Phe Asp Val Lys Glu Ala Ile Agp Thr Lys
130 135 140

Asn His Gln Leu Asp Ser Lys Leu Phe Glu Tyr Phe Lys Glu Lys Ala
145 150 155 160

Phe Pro Tyr Leu Ser Thr Lys Hig Leu Gly Val Phe Pro Asp His Val
i65 170 175



Val Asp Phe Asp lle Val Tyr Gly Thr Pro Asp Tyr Lys Tyr Ser Ala 130135140 Val Val Pro Val Val Gin
Tyr Asn Lys Ser Ser lle Asp Gly Val Pro 145150155160 Tyr Gly Lys Ala His Thr Leu Ala Leu Lys Lys
Asn lle Gin Leu Pro 165170175 Thr Asn Thr Glu Lys Ala Tyr Leu Arg Thr Thr lle Ser Gly Trp Gly
180185190 His Ala Lys Pro Tyr Asp Ala Gly Ser Arg Gly Cys Ala Glu Trp Cys 195200205 Phe Arg Thr
His Thr lle Ala lle Asn Asn Set Asn Thr Phe Gin His 210215220 Gin Leu Gly Ala Leu Gly Cys Ser Ala
Asn Pro lle Asn Asn Gin Ser 225230235240 Pro GlysAsn Trp Thr Pro Asp Arg Ala Gly Trp Cys Pro Gly
Met Ala 245250255 Val Pro Thr Arg lle Asp Val Leu Asn Asn Ser Leu lle Gly Ser Thr -

Ile Asp Met Phe Ile Asn Gly Tyr Arg Leu Ser Leu Thr Asan His Gly
180 185 1290

Pro Thr Pro Val Lys Glu Gly Ser Lys Asp Pro Arg Gly Gly Ile Phe
195 20¢ 205

Asp Ala Val Phe Thr Arg Gly Asp Gln Ser Lys Leu Leu Thr Ser Arg
210 215 220

His Asp Phe Lys Glu Lys Asn Leu Lys Glu Ile Ser Asp Leu Ile Lys
225 230 235 240

Lys Glu Leu Thr Glu Gly Lys Ala Leu Gly Leu Ser His Thxr Tyr Ala
245 250 2585

Asn val Arg Ile Asn His Val Ile Asn Leu Trp Gly Ala Asp Phe Asp
268 265 270

Ser Asn Gly Asn Leu Lys Ala Ile Tyr Val Thr Asp Ser Asp Ser Asn
275 280 285

aAla Ser Ile Gly Met Lys Lys Tyr Phe Val Gly Val Asn Ser Ala Gly
290 235 300

Lys Val Ala Ile Ser Ala Lys Glu Ile Lys Glu Asp Asn Ile Gly Ala
305 310 315 320

Gln val Leu Gly Leu Phe Thr Leu Ser Thr Gly Gln Asp Ser Trp Asn
325 330 335

Gln Thr Asn

<210> 2
<211l> 314
<212» PRT

<213> Flavobacterium ameridies

<400> 2

Ala Pro Ala Asp Asn Thr Val Asn Ile Lys Thr Phe Asp Lys Val Lys
1 s 10 15

Asn Ala Phe Gly Asp Gly Leu Ser Gln Ser Ala Glu Gly Thr Phe Thr
20 25 30

Fhe Pro Ala Asp Val Thr Ala Val Lys Thr Ile Lys Met Phe Ile Lys
35 40 45



260265270 Phe Ser Tyr Glu Tyr Lys Phe Gin Asn Trp Thr Asn Asn Gly Thr Asn 275280285 Gly Asp
Ala Phe Tyr Ala lle Set Ser Phe Val lle Ala Lys Ser Asn 290295300 - 4 - Thr Pro lle Ser Ala Pro Val
Val Thr Asn 305310

Asn Glu Cys Pro Asn Lys Thr Cys Asp Glu Trp Asp Arg Tyr Ala Asn
Val Tyr Val Lys Asn Lys Thr Thr Gly Giu Trp Tyr Glu Ile Gly Arg

Phe Ile Thr Pro Tyr Trp Val Gly Thr Glu Lys Leu Pro Arg Gly Leu
85 90 95

Glu Ile Asp Val Thr Asp Phe Lys Ser Leu Leu Ser Gly Asn Thr Glu
100 105 110

Leu Lys Ile Tyr Thr Glu Thr Trp Leu Ala Lys Gly Arg Glu Tyr Ser
115 120 125

Val Asp Phe Zsp Ile Val Tyr Gly Thr Pro Asp Tyr Lys Tyr Ser Ala
130 138 la0

val Val Pro Val Val Gln Tyr Asn Lys Ser Ser Ile Asp Gly Val Pro
145 - 150 ' 155 160

Tyr Giy Lys Ala His Thr Leu Ala Leu Lys Lys Asn Ile Gln Leu Pro
165 170 178

Thr Asn Thr Glu Lys Ala Tyr Leu Arg Thr Thr Ile Ser Gly Trp Gly
180 185 190

His Ala Lys Pro Tyr Asp Ala Gly Ser Arg Gly Cys Ala Glu Trp Cys
195 200 205

Phe Arg Thr His Thr Ile Ala Ile Asn Asn Ser Asn Thrx Phe Gln His
210 215 220

Gln Leu Gly Ala Leu Gly Cys Ser Ala Asn Pro Ile Asn Asn Gln Ser
225 230 235 240

Pro Gly Asn Trp Thr Pro Asp Arg Ala Gly Trp Cys Pro Gly Met Rla
245 250 255

Val Pro Thr Arg Ile Asp Val Leu Asn Asn Ser Leu Ile Gly Ser Thr
260 265 270

Phe Ser Tyr Glu Tyr Lys Phe Gln Asn Trp Thr Asn Asn Gly Thr Asn
275 280 288

Gly Asp Ala Phe Tyr Ala Ile Ser Ser Phe Val Ile Ala Lys Sex Asn
290¢ 285 300



Thr Pro Ile Ser Ala Pro Val Val Thr Asn
305 310



