WO 2010/089126PCT/EP2010/000710 Immunoglobulin glycosylation pattern analysis The current
invention is directed to a method for the determination of the glycosylation pattern of an
immunogloBfreEHERatIMent. Also is presented a method for the determinativmrtheoghoosylation
pattern of a Fab-glycosylated immunoglobulin as well as a method of producing an immunoglobulin
Fab2- 5fragment. BackPround of the Invention The pharmaceutical industry has been very successful
in recent years with products based among others on enzymes, antibodies and cytokines such as e.g.
erythropoietin, interferons, plasminogen activator etc. and the worldwide demand 10 for protein
therapeutic agents increases Ruerynyedsbiiliargiyeatiyiarionqeioreah anibyxises (mAbs, monoclonal
antibodies) are an important group within the protein therapeutics. They are referred to as monoclonal
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1607-1615). Id&%&éﬂaﬁ%%hHn@ﬂhlg(%ntibody~foming cell. A characteristic of monoclonal
15 antibodies is that they are each only directed against one epitope of an

immunogenic substance and can therefore be used very specifically in the treatment
of diseases. Exampies of protein therapeutics are the monoclonal antibodies
trastuzumab {commercial name: Herceptin), daclizumab (commercial name:
Zenapax) and rituximab (commercial name: MabThera) manufactured by Roche

20 which have been used successfully for the treatment of among others breast cancer
(trastuzumab), for organ rejection (daclizumab) and non-Hodgkin lymphoma
(rituximab),

Therapeutic monoclonal antibodies are obtained by means of complex
biotechnological processes. Degradation products may be formed during their

25 production, formulation and storage which are often due to processes like oxidation
and dearnidation as well as protéolytic cleavages (Yan, B, et al., J. Chromatogr. A
1164 (2007) 153-161). The quality, i.e. the purity, integrity, aggregation state and
the glycosylation pattern, of a biopharmaceutical product is of importance in
addition to its action.

30 The cysteine endoprotease IdeS (Immunoglobulin degrading enzyme S) from the
human pathogen Streptococcus pyogenes, which is also referred to as Mac-1 or
sib-38, is a cysteine protease that specifically cleaves the heavy chain of antibodies



5 subclasses 1gG1 , 1gG3 and 1gG4 between the amino acids 236 and 237 (Gly-Gly) which are
contained in the recognition sequence (LL)GGP. Human IgG2 is cleaved between the amino acids
alanine andygdysingdgpike recognition motif PVAGP. Murine antibodies of pee ags@adaedb and 1gG3
type as well as rabbit IgG (LLGGPS) are also cleaved (see e.g. Vincents, B., et al., Blochem. 43
(2004) 1015540-15549 ; Wenig, K., Proc. Natl. Acag Sci. USA 101 (2004) 17371-17376). Hess et al.
(Hess, J.K., et al., J. Microbiol. Meth. 70 (2007) 284-291) report a mass spectroscopic method for
determlnlng the enzymatic activity of 1deS with the aid .of SELDI A;OF m ect metry
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The formation/attachment of oligosaccharides to a protein is co-
postiransiational modification and, thus, is not genetically controlled. The
biosynthesis of oligosaccharides is a multistep process involving several enzymes,
which compete with each other for the substrate. Consequently, glycosylated
polypeptides comprise a microheterogeneous array of oligosaccharides, giving rise

30 to a set of different glycoforms containing the same amino acid backbone.

The covalently bound oligosaccharides do influence physical stability, folding,
resistance to protease attack, interactions with the immune system, bioactivity, and
pharmacokinetics of the respective polypeptide. Moreover some glycoforms can be
antigenic, prompting regulatory agencies to require analysis of the oligosaccharide
35 structures of recombinant glycosylated polypeptides (see e.g. Paulson, J.C., Trends



20High performance anion exchange chromatography with pulsed amperometric detection (HPAEC)
and matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALD1-TOF MS)

have been yegddn analze the carbohydrate moieties of glycosylated polypaptisgsdsae & 9. Fulcuda,
M., (ed.) Glycobiology: A Practical Approach, IRL Press, Oxford; Morelle, W. and Michalsky, J.C.,

Curr 25 Pharmaceut. Design 11 (2005) 2615-2645}% Hoffstetter-Kuhn et al. (Electrophoresis 17
(1996) 418-422) used capillary electrophoresis and MALDI-TOF MS analysis to profile the
oligosaccharide-mediated heterogene of a monoclonal antlbody after deglﬁgosylatlon of the antibody
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MS analysis of the-gipgosylation profile. The analysis and the molecular characterization of
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Concurrently ”@;8{59&&{[‘91%—{ ggg)@l%r%tlon of the oligosaccharides is both highly reproducible (i.e.
nonrandom) and site specific %Dwek R.A., et al., J. Anat. 187 (1995) 279-292). Some characteristics of

an |m noglohulin are |recl Ilnked to th lation of the Fc-tegion._(see e. R.A., etal.,
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detection (HPAEC) and ‘matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS) have been used to analyze the carbohydrate
moieties of glycosylated polypeptides (see e.g. Fukuda, M., (ed.) Glycobiology: A
Practical Approach, IRL Press, Oxford; Morelle, W. and Michalsky, J.C., Curr,

25 Pharmaceut. Design 11 (2005) 2615-2645). Hoffstetter-Kuhn et al. (Electrophoresis
17 (1996) 418-422) used capillary electrophoresis and MALDI-TOF MS analysis
to profile the oligosaccharide-mediated heterogeneity of a monoclonal antibody
after deglycosylation of the antibody with N-glycosidase F (PNGase F).

Given the importance of glycosylation on functional properties of recombinant
30 glycosylated polypeptides and the necessity of a well-defined and consistent
product production process, an on-line or ad-line analysis of the glycosylation
pattern of recombinantly produced glycosylated polypeptides during the
fermentation process is highly desirable. Papac et al. (Glycobiol. 8 (1998} 445-454}
reported a method containing the immobilization of glycosylated polypeptides on a
35 polyvinylidene difluoride membrane, the enzymatic digestion and MALDI-TOF



et al., J Immunol. 157 (1996) 4963-4969 and FASEB J. 9 (1995) 115-119; Wright, 30 A., and Morrison,
S.L., J. Immunol. 160 (1998) 3393-3402), such as for example thermal stability and solubility (West,

C.M., Mol. Gel).-Bipekeny. 72 (1986) 3-20), antigenicity (Turco, S.J., Arch.gipghemas Rienbys. 205
(1980) 330-339), immunogenicity (Bradshaw, J.P., et al., Biochim. Biophys. Acta 847 (1985) 344-351;

Feizi, T., and Childs, R.A., Biochem. J. 245 (1987) 1411; Schauer, R., WO
2010/089126PCT/E1'2010/000710 - 5 - Adv. Exp. Med. Biol. 228 (1988) 47-72), clearance

rate/circulatory half-life (Ashwell, G., and Harford, J., Ann. Rev. Biochem. 51 (1982) 531-554,
McFarlane, |.GME liAnaysis o1 83 e ysosviatign diofier, Tis, ARYSSpal. 199 Hessyiso 301
Chan, V.T., andhAtalfieGzafBiacheifh. Te2anib@8Ty 53ps@iuatightmbsat 5imliy@hgobieisgl 10 (2000)

1347-1355; Rif@fu&na‘%%gjapﬂy 56Bs Mied pd d(B0BMAL Th- 28R, ZUkiRbtalS 8201 @ooSRANTRr Res. 58
(1998) 3905-3?% ), an biological spemlfjic activity (Jefferis, R., and Lund, J., in Antibody Engineering,

ed. by Capra, Chem. Immunol. Basel, Karger, 65 (1997) 111-128). Glycosylation profiling of a

therapeutic recombinant monoclonal antibody with 10 two N-Iﬂ%ked ggcosg:%téyn ites using liquid
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immunoglobulin of the subclass JgG2a (mulgG 251gG2b (mul b) or.1lgG3 (mulgG3)
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Asn-297). Youings et al. have shown that further N-glycosylation site exists in 15-

20 % of polyclonal IgG molecules in the Fab-region (Youings, A., et al,, Biochem.
1., 314 (1996) 621-630; see e.g. also Endo, T., et al., Mol. Immunol. 32 (1995) 931-
20 940).

Due to inhomogenecous, i.e. asymmetric, oligosaccharide processing multiple
glycostructure isoforms of immunoglobulins exist (Patel, T.P., et al., Biochem. J.
285 (1992) 839-845; Yu-Ip, C.C, et al., Arch. Biochem. Biophys. 308 (1994)
387-399; Lund, 1., et al., Immunol. 30 (1993) 741-748). Concurrently the structure
25 and distribution of the oligosaccharides is both highly reproducible (i.e. non-
random) and site specific (Dwek, R.A_, et al., J. Anat. 187 (19935) 279-292).

Some characteristics of an immunoglobulin are directly linked to the glycosylation
of the Fc-region (see e.g. Dwek, R.A., et al.,, J. Anat. 187 (1995) 279-292; Lund, J.,
et al., J Immunol. 157 (1996) 4963-4969 and FASEB J. 9 (1995) 115-119; Wright,
30 A., and Morrison, S.L., J. Immunol. 160 (1998} 3393-3402}, such as for example
thermal stability and solubility (West, C.M., Mol. Cell. Biochem. 72 (1986} 3-20),
antigenicity (Turco, S.J., Arch. Biochem. Biophys. 205 (1980) 330-339),
immunogenicity (Bradshaw, J.P., et al, Biochim. Biophys. Acta 847 (1985}
344-351; Feizi, T., and Childs, R.A., Biochem. J. 245 (1987) 1-11; Schauer, R.,



5a In one aspect, there is provided a method for the determination of the glycosylation pattern of a
human or humanized immunoglobulin of the subclass IgG1 or IgG2 or Ig04 comprising the following
steps: a) clegiiigigdry iddmunoglobulin into fragments by enzymatic digesitn/ltsiecerizyme IdeS
and treating said immunoglobulin with carboxypeptidase B, b) treating said enzymatically cleaved
immunoglobulin with formic acid and a reducing ageft; c) separating the fragments of said
immunoglobulin obtained by the enzymatic digestion by reversed phase high performance liquid
chromatography ) sublecing i sepsipterisaimants of saidimmunodiobuln. aptginedn step ©) to
a mass spectrometric ahalysis, and e) determining t e,g} cosyl%rilon pattern of sald Immunoglobulin
from the mass $PHERYYEMnEtrichiEedbiEiled HSBA ) BiRAFBher HPethetedsirbad@-a method
for the determirnafiQnBfrth8qglyGodsiliativin iattern; oBtlm g2 -frigméent. of. aPathmdr br(h@®aanized
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separated frag@%j}%ggﬁaglm&p%ggg%%gg{zég%qdgﬁ@pﬁ)igb@ mass spectrometric analysis by

direct infusion into a mass spectrometer," ande) determining the glycosylation pattern of said

Fab2-fragment g{m th? mass s%ictro etrlé;f data (%tbtained iQ. ste{:) 1912)

) -8~ hi one embodiment
comprises the ﬁ%sa”é‘&lg&gfﬁg ) %h% ISC 5t 'reeu ﬁer%‘l?cgf/lvlhngansteps%fgﬁa C :Es)&egamln the
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step ab) after stepod)aidebbforeistapyb)eahldhe igreptococcdipntrsasinftientidukied hantamabglobulin of
§tep a_)l\gi-th gqrqggggiq) 1?§d%EMa@&enE/2@Staﬂﬁgrﬁ%%§lriﬁH@q g_{ethggﬂﬁgntg'@fn &hlﬁgecurrent
invention is directed to a method for the determination of theglycosylatiop pattern o uman
immunoglobulirP 8%%'8 BB %Ygs%aﬁg%ﬁca%ﬁaﬁﬁ 5?30%§@2§§§;%%6Gﬁ(1lﬁ giGXSH%)rIét‘)afv"é{}Er?1urine
immunoglobulinfeftHEngsBclds MBI psiubGEY 6 IuIesh d-lge S @hulytsd) by using
the enzyme  Biochem. 245 (1997) 17-27 report the monitoring papain digestion of a monoclonal

antibody by electrospray ionization mass spectrometry.

20 Sutnnary

The current disclosure relates to a method for the determination of the glycosylation pattern or the site-

specific glycosylation pattern of a human

immunoglobulin of the subclass IgG1 (hulgGl) or IgG2 (hulgG2) or IgG4

(hulgG4) or of a murine immunoglobulin of the subclass 1gG2a (mulgG2a) or
25 1gG2b (mulgG2b) or 12G3 (mulgG3) comprising the following steps:

a)  digesting the immunogiobulin with the enzyme IdeS,
b)  separating the fragments of the immunoglobulin obtained in a) by
reversed phase high performance liquid chromatography,
¢)  subjecting the separated fragments of the immunoglobulin obtained in
30 b) to a mass spectrometric analysis, and
d)  determining the glycosylation pattern of the immunoglobulin from the
mass spectrometric data obtained in ¢},



IdeS and mass spectrometric analysis. It has been found that the use of IdeS provides for a highly
reproducible cleavage even under non-reducing conditions. Furthetiliore the addition of TEA (trifluoro
acetic acid) can be omitted for mass spectrometric analysis, i.e. the mass 25 spectrometric analysis is
performed in the absence of trifluoro acetic acid. fzurthermore the use of IdeS is not limited, e.g. it can
be used to digest an immunoglobulin in solution. The ESI-MS technique is generally performed at the
level of intact immunoglobulin or imrnunoglobulin heavy chain and provides for a lower mass
30resalutienderclatige: ps gtevidedha dBid MSthnddysisiodt papdithd destediimmatioglobalins1és mited
due to, e dovshadilicialiie Aty msaid he; & RauEMeok ebayiame foninaslyation. yhich

causes the formation of side-product, i.e. artifacts that interfere in the data analysis, e.g. by reduction
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immutsgtoButirtéc gligssdgtabaddrctied pharadine nedermelradiavithehmanagrient) LoNepBy pebhtide” is
a pg')’%}%ﬁﬁ@@ﬁi&‘gfﬂ&' _ éﬁfo@%ﬂchﬁ&ﬂﬁi%h el gﬁmggfé&ikﬂgg%t%ﬁ%}% EMXF@@&%&M&ZO !;&ﬁ@@igismrepel
produced enzymatically or synthetica alypeptides_containing less than 20 amino acids are also
oo P R R GRUI 1S e PGB DER LS A B SOy Sies or it
is a patypapdide which is composed of more than 100 amino acids. A polypeptide can 15 also contain
non-peptidic components such as e.g. carbohydrates. The non-peptidic modifications are introduced
by the cell which expresses the polypeptide and therefore depend on the cell type. In this application
polypeptied s BushnBE His iy iSFiAdPaler sog R EE g %‘éﬁéﬁ}%ﬁs%ﬁ‘??ﬁgaeﬁ?b@ﬁ'&?&?é}%g?%re not
expliciiypdeseribaddiut mayaalwayshenpresentdFhediims aatiddyssahd: linomiaylebigal that are
used synonymously within this application denote a mo le whi ntai . i

polyp ecéﬁlgg é%%% ¥8\%ch\x{zgﬁ as‘lee' C eagm c')s, }ﬁ 1mmunci%l§l§ilﬂm 1nn}?9ﬁ§§?é% %§ @%ﬁ%%&évﬁ Lgﬁ

T&)an eavy polypeptide cha eavy chain, RC). Each of the

light anéith&svyekamddeS nmptisesingasiith ieregiosi (prormail: thebomiprr tdpssidtis b f R BR MY which
contaigs Rinding Jemains famnbindios.oh ¥ asligeriRSdeacheithedeamanddight chaips-eamprises a

constag; reglo_n armally the ?arb.oxy, termlntfgbg{i;[lh%cham W |chhmgdha}t%s t%%?{%%{@@ (Efqg}g

antibod§ t8UHSFe Nt 1eRENore! AHght THER RS Mhaly dSHTHESed 578 VAHADIS HomAIR VEAHd a

constahtaiceamp@l. A subreinchin s mord dihgoempoSsddohanvanableldonhéiined fy siael @ toastant
regio%@%&@t&%ﬁ@”&ﬁé@ﬁ% %}ﬁ gormaing, Gy 1hingenass spectrometer, and e) determining the

glycosylation pattern of said Faby-fragment from the mass spectrometric data obtained in step d).



30 C112, CH3 and optionally CH4. Antibodies may occur in numerous forms e.g. as Fv, Fab, and
F(ab)2 as well as single chains (scFv) (e.g. Huston, J.S., et al., Proc. Natl. Acad. Sci. USA 85 (1988)
5879-5883; BRAIRE1&¢ al., Science 242 (1988) 423- 426; and Hood, L. ECRERIIIiMimtikdology,
Benjamin N.Y., 2nd Edition (1984) and Hunkapiller, T. and Hood, L., Nature 323 (1986) 15-16).
Immunoglobulins are 35divided into classes deperdfitg on the amino acid sequence of the constant
region - 8 - of the heavy chain: IgA, IgD, IgE, IgG and IgM. Some of these classes are further
subdivided into,subclasses (isotypes). e.d. 19G into 109Gl .| I into IgAl and IgA2.
The constant re% i%nr?segxﬁﬂw%éﬁe%@ﬁgfn%hae%er%?é%?%& I':%lra%éqgtag%sgc ?50@(?5&3)%%8@@% (IgG) and p
(IgM) dependintf<ah Rhar€iads to which the 5antibody belongs. General chromatographic methods are
known to a person skilled in the art e.g. Chromatography, 5th edition, Part A: Fundamentals and
Techniques, Hellmahh, Ed¢sdtnE|sevifie Soiarieo P UK shirgCwhopahy, Wew Yisekexosmp Advanced
Chromatographic and Elegiremigsatigimi/ethods in Biosciences, Deyl, Z. (ed.), 10 Elsevier Science
BV, Amsterdam, The Netherl ; le; S.K.,
Elsevier§ Science Pu@ishiﬁgegéﬁ%)ﬁﬁ%g)g}gg%%%{, 19@%2;‘ é%%%?aﬁgl%%%ﬁfg?eﬁ?r@l%ﬁg%in 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 15Current Protocols
in Molecular Biglagy xusubedirom carmisqeds Reiutrwareyng (S drslipesieshatk. It has been
found that the inununoglobulin degrading enzyme IdeS, a cysteine protease cleaving IgGs highly
specific at the GP(Semotifleavite thsethimuonghibalionmwithita@:8s(lquichehmematdgraphy combined

with mass 20spectrometry)iferietailgshsiterspasific alysoskiationpRaliesp aharpciarzationof
immun@lobulins. It has bggg found ] atSinj_:_,)a two hour digest procedure IdeS cleaves antibodies

resulting’in two HC-Fc-fragmeOn y 186 termed HC-Fc-fragment (comprising the C-terminal parts of the

immunoglobulin heavy chains) and the Fab2-fragment, also 25 termed Fab2-fragment (comprising the
N-terminal parts of the immunoglobulin heavy chains and the itrununoglobulin light chains). This
method is espetialiytseitabbedondheanalysisiofthdglypcosyiaton batdsprermmemndylobulins

glycosylated in gllﬂgrlggglgrgpmgm;e%rgIy&gsaﬁla&ggﬂqsghe Fe-fragment and in the Fab2fragment. For the
analysis of a secondary glycosylation site the IdeS digest can be 30 reduced. It is also possible to

analyze degradation gioduets;itiy,this ethashAiRIIBESRZYMBLS 4 A esiiifie.sample s subjected
to LC-MS analysis comprisinﬁ; a reversed phase high performance liquid chromatography (RP-HPLC)

and an'online MS-analysi5“SR A& &5E nstrument (quadrupole time-of-flight mass spectrometer). The

method according to the invention can be used e.g. for batch characterization,
Detailed Descrintion of the Invention

The current invention is directed to a method for the deiermination of the
glycosylation pattern of a human mmmunoglobulin of the subclass IgGl (hulgGl)
or IgG2 (hulgG2) or 1G4 (hulgG4) or of a munine immunogiobuiin of the subclass

20 1gG2a (mulgG2a) or 1gG2b (mulgG2b) or 1gG3 (mulgG3) by using the enzyme
IdeS and mass spectrometric analysis.

It has been found that the use of IdeS provides for a highly reproducible cieavage
even under non-reducing conditions. Furthermore the addition of TFA (trifluore
acetic acid) can be omitted for mass spectrometric analysis, i.e. the mass

25 spectrometric analysis is performed in the absence of trifinoro acetic acid
Furthermore the use of 1deS is not limifed, e.g. it can be used to digest an
immunoglobulin in sotution.

The ESI-MS technique is generally performed at the level of intact
immunoglobulin or immunoglobulin heavy chain and provides for a jower mass
30 resolution for large proteins. The ESI-MS analysis of papain digested
immunogiobulins is limited due to the low specificity of the enzyme and the



- 9 - for monitoring down stream processing steps as well as for monitoring fermentation processes
even without sample clean-up. The GP(S) motif in the N-terminal region of the CH2 domain of
immunoglokydingigssgntial for digestion with IdeS. As used herein the tegpdeheimement refers 5
to the C-terminal fragment of an immunoglobulin heavy chain obtained by IdeS digestion and the term
Fab2-fragment refers to the N-terminal fragment of-gh.immunoglobulin including the complete light
chains obtained by IdeS digestion. Therefore, in one embodiment the method according to the
invention is for characterizing chimeric or humanized IgG, i.e. for human qr humanized 10

immunoglobulifSaYIERFRLSEI SESFRS MBS B?tﬁj@&?oW&V&riﬁ?ﬁsﬁeﬁ%ﬁc’éﬁ@%% tSfesubclasses
of murine IgGspitwsivgy neurndanmibaioglshietinsnchthdatubeidsssig@R &yl g@adtion [F@3iamsa variant
tf;eLeof Iln oneI QH@@Q)&)ﬁﬂémﬁﬂQ&ﬂih?@ﬁff@lﬁﬁ%i}ab&m m@@giﬁm taepaatiisiines kobéhe 3nalysis
of the glycosylatiop profile in the Fah2-fragment. an additienal reduction step un Idie conditions 15
using TCEP foff ﬁ%ﬁ]% ar? %gﬂ? igsp%gr‘%%rgﬁtéag%ﬁ aglr?é)%lr% %%llttrlﬁgﬂk g? %%agr%ngfﬁig %lfet%%r\f/lvla%édsﬁseubjected to
the LC-MS analjaraternddsiiatibefow and in the examples. It has been found that in contrast to the
glycosylation pattern analysis at the level of intact immunoglobulin heavy chain or even intact
immunoglobulifieneratiatiaddchepsraopgrankey srgeofdaie suhasaccaheltg, rbsorgtigtimd sensitivity.
Compared to offeseamsyaiesiikefmpaineonvbidiad AJSGaigasiion tdepshmstthaiathmidage of having

a uniaue cleavage ale,andstieralels beiskhiabi snralsgad oleryng e elliergniavliclasses wih

similar efficiency. NO risk of excessive cleavage exists and no cysteine is required for activation of the
enzyme. For an&i/<ts B8 il FRERTH: products the IdeS digest is reduced to yield three antibody
fragments: the full length immunoglobulin light chain, two heavy chain Fab-fragments (HC
Fab-frd§ment) AnPEAPRRIES AR & P HYME(TRRHATYRECOP ARG ABIAD Wi e HRECIR8SER be
separated by chyomatody apinydandtacady zethén dbea dpaitincehisappnetciilis an egsthemchiiyst way to
determine wheghgy degradalianssHeheas @Aoxidation deamidation Qedramenatiep I,

present/occurred jn the Ec-fragment or. in the Fab-fra men of an immun? Iobugn. ert'tain degradation
reactions, suct SRR AR TOP 4 S R LA TG V2 P B S RS B S5h hBidre be used
for fast monitorRedyBerizdaptdichdfrcrsprRiedion e ki) amies 3disihPOYPEPEes BN detection,
which igalso anlsspethif tloa-pupidit icvapbaentisocieadzegnbatishetitathe Tethodsyagtdieing to the

invention compyigg;d dRaRIIRY R dudd- Bi5iIng AcsiFamaBigR&hEeMRIRRRYHEhdirect mass
spectrometric analysis of the esa\;%ed Eoleculgﬂranﬁture. ﬁr%?tcmc c&;%va%g oflm? 0 I%bullns
Monoclonal imrtrt?ﬁf?f(@rl% RASCRPE JBFy R JEPST OTL IS A8 HATRB AROYRSRIFC 5oL éﬁ%@/ y
heterogeneoustigiicrotisecroigersigitss audlesiheagigad snalic asrearbphbidinthe aus retatrplimitiorder to

examine the glyeesybationatieaialistepaagiabulins for the formation of degradation products and/or
for modifications it is expedient to cleave them into smaller fragments before the glycostructure

analysig) The terms “antibody” and “immunoglobulin” that are used synonymously within
this application denote a molecule which contains at least two light polypeptide

chains (light chain, LC) and two heavy polypeptide chains (heavy chain, HC). Each

of the light and heavy chains comprises a variable region (normally the amino

terminus of the chain) which contains binding domains for binding of an antigen.

25 Each of the heavy and light chains comprises a constant region (normally the
carboxy terminus of the chain) which mediates the binding of the antibody to

different receptors. A light chain is normally composed of a variable domain Vi

and a constant domain C;. A heavy chain is normally composed of a variable

domain Vy and a constant region which in tum comprises the domains Cyl, hinge,

30 Cyu2, Cy3 and optionally Chy4. Antibodies may occur in numerous forms e.g. as Fv,
Fab, and F(ab), as well as single chains (scFv) (e.g. Huston, J.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., 2" Edition (1984) and
Hunkapiller, T. and Hood, L., Nature 323 (1986) 15-16}. Immunoglobulins are

35 divided into classes depending on the amino acid sequence of the constant region



Cleavage of disulfide bridges 10All disulfide bridges occurring in an immunoglobulin molecule can be
cleaved by reduction. The free heavy and light chains of an immunoglobulin are obtained during the

reduction. Tysrd16asaeyethyl)-phosphine (TCEP) is a reducing agent thaiciseftanuseddecause all

disulfide bridges of an immunoglobulin are completely cleaved within a short period and the reduction
occurs in the entire pH 15 range (see e.g. Hau, J.€8and Hau, C.Y., Anal. Biochem. 220 (1994) 5-10).
In one embodiment the pH range is of from pH 1.5 to pH 8.5. Dithiothreitol (DTT) is also characterized

by a rapid cleavage of disulfide bridges. ver, the DTT reduction in an acidic enyironment only
proceeds very B%%Wﬁ?%‘&’e%iﬁ%‘%té%dg %ﬁ? %83@&? ?6“80%8?8?8 ?ﬁaésglss%ec%gf?ﬁﬁrof the heavy
and light chain sTviziedinatureglassesddis iy rakeStHedisiidiegiouasmhand &edwible. The
?enatu rat_iéJnEinlgnqxﬁtt_mtg@ menCap. Dhexaimple hgioariatin it theisidefeisrd 'mlﬁcll or
ormic acid. Enzymatic a vely
unspecifically a tg@é}s gr %ﬁ?ﬁ’gg(%q%s&?r%ﬁ %ﬁ%ﬁ!ﬁ@%@%ﬁ %gﬁ%%%%%%@ég@gﬁ?ﬁggand tyrosine
(Y). If the inculFtitHe BePBANESsufficiently or too long, the papain digestion leads to total hydrolysis of
the immunoglobulin. However, immunoglobulins can be cleaved relatively selectively in their hinge
region by a limfEaproteigiaivEmEbieBIftodingr Ekpa: to\e, BiseAatilted JaKRG ATAREdemischer
Verlag, 30 Mudishymzanddrgitions(2e0tior) ka1 4). Find clemvsigantTerhngibe NeferminaFside of the
disulfide bridgeg i coRDeE e Ve DEREN AT S Cigl9e Bridoerogss @R this
process so thag%rée fragments éFﬁb fragments, 1 Fc fragment).are obtained. il'l”f t gg-terminal
fragments are ?fgﬁ‘?&gggﬁé%ﬁé = SRS 1580 YRS P ﬁﬁ?ﬁ?ﬁfﬁé ik ’bm’dﬁég' agments
(Fab-figgment, BlstyiemnthséandsinBi¥ig faetsedim.thEhe-teethimbanklag 1&aBis cheprsatesraBhe crystalline
fragment (Fe-fraggaenk dote, oy Btallidirg fag MBNDE Each Fslefiagmsiisiago Opagesypieeomplete light
chain and the apyo-p5anas alLor 1R herl pUlthe e PRMAN! maorpRaRed Ridhe two
carboxy-terminal halves of the heavy chains which are still linked together by a disulfide bridge. IdeS
(immunogIobul'rcr‘f‘@bé%ﬂ?’ac‘infeﬁky%@bf %‘.Ob%fé‘&éngéfjf}glgicé|JréP%§?é?é¥né“6fB{*§a “@WCh can be
isolated from tHédpathoGekdiS pacgdierpos ireptodory Reepsidgeldaipritg Harbgmnd . e d W88 iman 1gG

with high specitigiiyedireeityeforaba-dd asensenseAaR(SYFLFP) i 8. teesGR6Bhmatiy Ehis sequence
is located on th@og-t%@i@@ siggrgf disulfide bridges which link the two heavy chains (HC) together.
The cleavage rasuilts i the C-termiinal ends of the two heavy chains (2 HC-Fcfragment) and a

Fab2-fragment comprising the -fragment of the light and heavy chain that are linked.by disulfide
bridges (Figurelﬁ(}‘f\gor%e% é’l“gztﬁ%%? 'eln, ‘.l,n gg?fgggﬂ,%ﬁé k oﬁ?ﬁ%lﬁgf Of) cf@beﬁ%%ﬁ). If the
fragments obtaitiei§asy |ekesvingalege drghyvinsasHisglabiha 4FEESdmeediwstn DFT $ied GEP after the
digestion, the tesnlighhthaing i thE@uMBodYi (il C)caranite dkpbsmirahftgientstbf theseavy chains

(2 HC frab-fragment) are obtained ingtead; ofthe; Fahds fraoment Thef-lapioakeads.pbihe heavy
chain (HC-Fc) are r@%é%c ed by the 20reduction. Thé generally employed enzyme papain for

immunoglobulif"¢fe 7es N-terminal to the hinge region. Therefore the Papain digest

necessitates reduction and all three fragments of the Ab (Fc, LC and HC Fab) appear in the same m/z
range in the m&g@gbg@%,ﬁ?uﬂd that in a two hour digest procedure IdeS cleaves antibodies

resulting in two HC-Fc-fragment, also termed HC-Fe-fragment (comprising the
C-terminal parts of the immunoglobulin heavy chains) and the Fab,-fragment, aiso
25 termed Fab,-fragment (comprising the N-terminal parts of the immunoglobulin
heavy chains and the immunoglobulin light chains). This method is especially
suitable for the analysis of the glycosylation pattern of immunoglobulins
glycosylated in the Fc-fragment or glycosylated in the Fe-fragment and in the Fab,-
fragment. For the analysis of a secondary glycosylation site the IdeS digest can be
30 reduced. It is also possible to analyze degradation products with this method. After
the enzymatic treatment the sample is subjected to LC-MS analysis comprising a
reversed phase high performance liquid chromatography (RP-HPLC) and an online
MS-analysis on a QTOF instrument (quadrupole time-of-flight mass spectrometer).
The method according to the invention can be used e.g. for batch characterization,



25The first aspect of the current invention is a method for the determination of the glycosylation
pattern of a human or humanized immunoglobulin of the subclass IgG1 or IgG2 or IgG4 or of a murine
irnmunoglobineeétizeissibclass IgG2a or IgG2b or IgG3 or of a variant thecawf epmprising the
following steps: a)digesting the immunoglobulin by treatment with the enzyme IdeS, 30 b) separating
the enzymatically cleaved fragments of the immune§lebulin obtained by the enzymatic digestion by
reversed phase high performance liquid chromatography, c)subjecting the separated fragments of the

|mmunoglobuI|%)[(E)bta|ned in st%ﬁ to amass s ectromet{lc analysis,.and Y’&Z dgg%ermining the

glycosylation p MBI gI%%%ﬁ oM the mass” %e%%ro%% réHatd obtaine flr%step c). It

has been foundetmaniatioRRsQSESeT eNESYEBMEIN BSR4 -8Azyme IdeS instead of e.g. a limited
proteolysis with LysC or papain, defined fragments of 5immunoglobulins can be obtained which are
very well suited for @S etetifimationNotdhei piy cogintidrilsatietrdomamininmmnogloahiliFhe term
"glycosylﬁtign P@&%Eﬁ%iﬁ%ﬁ@%&yﬂfbﬁ&m mésli@aéi@éwﬁ%ﬁ&ﬁ@@ﬂ@ﬂ&ﬁﬁ@ﬂ%@ﬁ@a&&whole which
are attgched tg one or. more specifie inQ aci ' in:an i ohulin. te;the
glycos%tion hté).te%rjggée'r%ﬁéﬁ?n%?i)a% c ,%%%Pr%%%ﬁﬁ%%%gb%%%%@mﬁ%%n%q%%%%%%oﬁr%grises not only
a single, defineHassion- ke the|ilfosaEhaiteaea S5&ica Mhind serinakifagmsnt iffadhixture of
polypeptides eanmtmgiptiie sachelamyitic acicsetubge datrsontmismighdiffdrentgesmposed
oI!gosacchar!dq%@;a;g,%,sp@qgfli@d SNa:acH RRSERRKddUsHIBiIRRONE IR MNeRRERS B dup of
ollgosaccharldeﬁ that are atta%?ed to one or more s efif%ed 15 ?min}cl) acid posiq‘lon of a rgcombinantly
L(]‘, % ¢ 5 Ima 14 AniZe:

produced immu %ré‘%ﬁ%ﬁlrlﬁgi._ecf eeﬂgte%?eﬁia?i}%? he&ttached gﬁgogapc%a(r)lde. e term
"oligodéccharidemaisngglewliminiifie spizaititdeaitesor lesigntaric aaisan dhrreforidréing two or
more covalentlydinkedurndnesaothaide: Ups, irettfer meitediaccondigighid iteoifthentidol the

immunoglobuli@g@g’\ ‘fgﬂ‘i@t&e IgG3, or a variant thereof. In one embodiment the digest 1s
performed at slightly basic pH for two hours. For the analysis of the glycosylation

profile in the Faby-fragment an additional reduction step under acidic conditions

15 using TCEP for half an hour is performed in one embodiment. The sample is
afterwards subjected to the LC-MS analysis as described below and in the

examples.

It has been found that in contrast to the glycosylation pattern analysis at the level of
intact immunoglobulin heavy chain or even intact immunoglobulin the method has
20 the advantage of higher mass accuracy, resolution and sensitivity. Compared to
other enzymes like papain or limited LysC digestion IdeS shows the advantage of
having a unique cleavage site and, therefore, being highty specific and cleaving the
different subclasses with similar efficiency. No risk of excessive cleavage exists
and no cysteine is required for activation of the enzyme. For analysis of
25 degradation products the IdeS digest is reduced to yield three antibody fragments:
the full length immunoglobulin light chain, two heavy chain Fab-fragments (HC
Fab-fragment) and the heavy chain Fe-fragment (HC Fc-fragment). The three
species can be separated by chromatography and analyzed individually. This
approach is an easy and fast way to determine whether degradations such as
30 oxidation, deamidation or fragmentation are present/occurred in the Fe-fragment or
in the Fab-fragment of an immunoglobulin. Certain degradation reactions, such as
- e.g. oxidation, lead to a slight shift in the retention time and can therefore be used
for fast monitoring of samples from formulation and stability studies by using UV
absorption detection, which is also an aspect of the current invention. In one
35 embodiment the methods according to the invention comprise a de-salting step



20 glycosylation pattern has to be determined is in a first step enzymatically digested / cleaved with
the enzyme IdeS in an HC Fc-fragment and a Fab2-fragment. If the glycosylation pattern of a

glycosylatiogygjtey {0,486 Fzab2-fragment has to be determined a reduction %&&%ﬁgﬁgﬁgbulin
disulfide bonds with a reducing agent is performed in one embodiment of t ethod according to the

invention. 25 After the enzymatic cleavage and the gptional reduction step the solution is acidified in
order to induce the dissociation of the two heavy chain Fc-fragments. In one embodiment the
acidification is in the same step as the reduction of the immunoglobulin disulfide bonds. The obtained
fragments are S&RgRSED eV (asepgprhRALh PIE). IHafsthpedceaatiiation wof tiod
glycosylation paliiedasthedthsamlebantaining the dissociated heavy chain Fc-fragments and
optionally the Fab2- or Fab-fragments of the inununoglobulin is subjected to a mass spectrometric

(MS) analysis. ‘gﬂmiﬁ;@dl@wgéeqfftnﬁ,ﬁ@@p@ﬁ@lﬁghe glycosylation pattern of the immunoglobulin is
determined. In one embodiment the MS analysis is performed in a separated step aside from the

RP-HPLC (offli th i the, .- 13- n IS, rfor irectly after the
RP-HPLC (onli%%?il%@ g}% eﬁlélgr%}%%ﬁge?ﬁ@é-:}%ié %yd'?ﬂae%:%y#%ﬁgdﬁce (I{ﬁt(?ltﬁfel‘3 %%du%%]ent. In the

offline method R R L8 REBRNHBHT GBRIFFRERIITHY A s e SRptstEnswes el hBh
chromatographbyayesadling. dreprédgrdaiirecninbiv gl péasidasam pittetnintoitveunmagstspastfometer. This
method is extremelyiastiGapaie:foddigh frraughpsiand oenafitaiamdoe: higbkirealdtien, accuracy

and sensitivity qe%g?ﬁgxﬁ%%@ﬁaﬂ@?h@?ﬁﬁ@%e!%/r%ltﬁégﬁ cgsct-frc pg%% fS 1igrjmunoglobulins. The

glye,osylated HC Fc-fragment appears in the mass spectrum in the iniz range of 800 to 2000 (see e.g.
Figure 2) whereLals the Fag%ﬁfral%%glt_ﬁggsears due to its double 10 weight in the range from 1900 to
. The two fr

3000 ink (see e.g?aﬁ%%?é) ments of the immunoglobulin can therefore be separated by

mass spectrometry. which is an effect that facilitates data interpretation. Thus, one aspect of the
currenj%}nventi E?sdégmgﬁ}d"?&FTH&%W%WTHB%B@&E%H%&@?WSF&%Wé’ﬁ( or

humanized imniefvsgirbuliheofigee byl ass 1EhGaheinkgGRaor inBdorgbitarhinurree dhiamegoglobulin of
the subclass Ig@2mg@kie Feda @i G3io(RdapanydsIepheqmprisita ths {ollowing:steRgent a)
digesting the IRH1QaiARIIN. R URIMEN' HIINA FAEHMAILEIr o) ASANing NG enaymaticaly
cleaved fragments of the |mmunog,oE)ul1|n 0 tainegl y the efizymatic digestion By a size eXclusion
20chromatografiyPlefusieatiat Wibisch shatb agriagrad o refecamOraEioBUIG BBisHRH in step b) to
a mas$SspectroamagricsenalgsidpantC. and Hau, C.Y., Anal. Biochem. 220 (1994) 5-10). In one

embodiment the pH range is of from pH 1.5 to pH 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

20 denaturation additionally makes the disuifide groups more accessible. The
denaturation in one embodiment can for example be carried out with the aid of
guanidine/HCI or formic acid.

Enzymatie cleavage

Papain, a cysteine protease, cleaves peptide bonds relatively unspecifically after

25 arginine (R), lysine (K), glutamic acid (E), histidine (H), glycine (G) and tyrosine
(Y). If the incubation period is sufficiently or too long, the papain digestion leads

to total hydrolysis of the immunoglobulin. However, immunoglobulins can be

cleaved relatively selectively in their hinge region by a limited proteclysis
_{(Lottspeich, F. and Engels, J.W., Bioanalytik Spektrum Akademischer Verlag,

30 Munich, 2™ Edition (2006) 201-214). The cleavage occurs on the N-terminal side
of the disulfide bridges which connect the two heavy chains. The disulfide bridges

are retained in this process so that three fragments (2 Fab fragments, 1 Fc
fragment) are obtained. The two N-terminal fragments are referred to as antigen-



d) determining the glycosylation pattern of the immunoglobulin from the mass spectrometric data
obtained in step c). 25In one embodiment the methods according to the invention comprises as step a)

the followingygtepi@gigasting the immunoglobulin by treatment with the epzymgldgeang with the
enzyme carboxypeptidase B. In this embodiment the immunoglobulin is cleaved by the enzyme IdeS in

order to 30 obtain the HC Fc-fragment and the Fabgtfragment and in the same step the C-terminal
lysine of the immunoglobulin heavy chain is removed in order to reduce the heterogeneity of the
immunoglobulin, i.e. to obtain a more homogeneous sample without influencing the glycosylation

pattern. - 14 - YrdingfegaeisdghEreadtdabwatigemRingiss-aagn dth s thig R minal part of
an immunoglokfidigribat is miftaiod dobys aheerrzpmiiic dieguage (FitHithorengyhee ¢detilifhiegerm "HC
Fc-fragment” ag hisadwitindDis APRUGAHOR dergifsoiia Grermeiabraltadithadmmnaogobulin heavy
chains that are obfained hy an iﬁe m(?élc cle?ivalgé;{%/ét éhg enzyme IdOeS.‘:;If:hé!'s(}c gﬁr_’ng% comprises
two not covaler?fﬂ}%%%@?é%g }Bl Qi;@éﬁ VY e fe - ermm_a’]" ragmg—:-n‘t: _6? ach of the heavy chains.
As the énzymesibsxeidemesahbalvemaichfobearyghripesitiphdme it HeksdHegsHsnMesdapain and

pepsin and at afilyHigsgidgdte of the itnmunoglobulin only two but well defined fragments of an
immunoglobulin are 10obtained. In another embodiment the method comprises a step al) after step a)
and before stepdakwhighuse sbuigatioditpe.ansy Baladlly cleavritdrenmeateafilae dpeuroglobulin
obtained by the enzymati¢.digestion of st ) with farmic acid. 151 ég b%@xi ent %fe-fragment
obtained from tﬂ%ﬂ%?ﬁuﬁ%ﬁobﬁaﬁ}] E?/ the %ﬁ)%%v{z%% W%Eqé%%é gyr?u?) I%?eSn%ich Qcikomgtré;ges

polypeptides nM@S%@énﬁ?%%%@éﬁ%@ﬁ%&@d&%@%sﬂﬁﬁi%‘F—*Eiﬁigﬁﬁ%’rﬁgfofﬁg?eterm
"pFc-frEgment''saguased GRIHVHIFRpplicatlen B(Brasdhé sThifesGrienatinal pokted ptidalsbtained from
an gngunoglorft@li&ﬂgﬁﬁmgi%@&&ﬁﬁ@@%ﬁ@%&%&%\%ﬁﬂetwétm&ﬁ&wlwmr%%i@%d@e@mther |
embodiment the,step al) of the method according to the inyeption is; al) treating t zymatically
cleaved fragmei}fg cﬁ%ﬁ‘é%%ﬁ%ﬁ%o%f&%?n%% E}fﬁg‘é‘o&‘? ?ﬁeoéﬁg‘fﬁnvé igl %alkglgs?%ﬁx%f@tee%% With formic
acid and a redmggl@@téﬁﬂd a Fab,-fragment comprising the Fab-fragment of the light and heavy

chain that are linked by disulfide bridges (Figure 1) (von Pawel-Rammingen, U., et
15 al., EMBO Joumnal 21 (2002) 1607-1615). If the fragments obtained by ldeS

cleavage of the immunoglobulin are reduced with DTT or TCEP after the

digestion, the two light chains of the antibody (2 L.C) and the N-terminal fragments

of the heavy chains (2 HC Fab-fragment) are obfained instead of the Fab,-

fragment. The C-terminal ends of the heavy chain (HC-Fc) are not affected by the
20 reduction.

The generally employed enzyme papain for immunoglobulin cleavage cleaves N-
terminal to the hinge region. Therefore the Papain digest necessitates reduction and
all three fragments of the Ab (Fc, LC and HC Fab) appear in the same m/z range in
the mass spectrum.

25 The first aspect of the current invention is a method for the determination of the
glycosylation pattern of a human or humanized immunogiobulin of the subclass
IgGl or IgG2 or IgG4 or of a murine immunoglobulin of the subclass IgG2a or
IgG2b or [gG3 or of a variant thereof comprising the following steps:

a)  digesting the immunoglobulin by treatment with the enzyme IdeS,
30 b)  separating the enzymatically cleaved fragments of the immunoglobulin
" obtained by the enzymatic digestion by reversed phase high
performance liquid chromatography,
¢) subjecting the separated fragments of the immunoglobulin obtained in
step b) to a mass spectrometric analysis, and



25In this embodiment the Fab2-fragment obtained after the enzymatic cleavage of the immunoglobulin
with the enzyme IdeS is further separated in two Fab-fragments by reduction of the connecting
disulfide bopgds:dimera gmbodiment the formic acid is added at the same $igaepasofaa@delition of the
reducing agent. In another embodiment said reducing agent is a TCEP solution. In this embodiment
the formic 30acid and the TCEP solution are both aggled prior to the incubation, so both components
are present during a single step. - 15 - The method according to the invention comprises the
incubation of a sample containing an immunoglobulin from which the glycosylationfgattern has to be

determined with diffébent S#syRBERE tBcurreYIrHRR PR 8L o IIHBUAGEfRu FRBRS convert the
immunoglobulin containedhistpcsamplerinttetefireth&i fragiereals. In one embodiment of the method
the IgG-specific cysteine protease IdeS is the IdeS obtained from Streptococcus pyogenes or
Treponema dentisacba foflidharprefe rchemitatiinpatifrallg Clapesifiencysieihie piosaase has the

amino acid se ce S O; ti ayRge Wit th z fiq&ystejpe protease
takes place inaéﬁ:%é 'bbgc%ég%%npgu 6%1%8%:5]% %ﬁﬁwgﬁéplﬁ&g%gm ; 8elg[%ds.EF;E(I‘;rg%g’rs(lgtgfembodiment the

d 10.pl-I
enzymatic cleal/AGUMSHPINIH-Fa GBI, Gh@rﬁ)vﬁﬂfé‘.’ﬁ?ll?wgg g}fgé ARSI molar ratio
of the 1gG-spegcifitheydisivryiptote astian tHfamummrogimlmmolecule should be between 1:25 and
1:2500, in another embodiment between 1:25 and 1:100. In one embodiment of the method
according to th@heventiorn gheelyatéonf thecdtbTeverseel pabenhib s parfbicatascaligoiescliromatography
or the size exclysinn,chramalograniis WhasH-infuseskinto dhe Sass-SBRLARAeNY iRithe method

according to the inyention the glycosylatjon pattern pof the Fah-fragment of an.immunaqglobulin has to

be determined Wﬁé&ﬁﬁeefﬂoa&‘ ea%ﬁfﬂggﬁgéh% I'I}bl%fﬁi%% 'fsf?)teeélgzcﬁé\éféllaes figd %“Frh{%ﬂnégﬁ%‘é)u"ﬁn by

treatméft with teecamhipand Yauedened dauneresobipnsamite el ynrsinedyI8Binetolstep a) with

formic acid andva Cedukigotigesiceasikparatingdhidi abtaines fcay residtepbsaid inmixmogebulin by

reversed phase, gl a@f@a@ﬂﬁgﬁiﬁ&&emmm@em soslosciosialto heidpaiiesdragments by
ro su

size exclusion tography, d jecting the separated fragments, of immunoglobulin obtained
in step c) to a MYREYSEcPYSRERTEATATEY &ﬁ?gﬁfﬂﬁﬁ%ﬁq%ﬁ ' P}%@%b@éﬁ%#ﬁé&i Aid

determining théagiycenpietcrepateeh digbeseimidrscios are dfoshed BomassnpecRerHidc data
obtaingd in stepEnAAnribepaspest ofthe riseniiangntiordsadnaihadisstieidsteairaton of the

glycosylation pggt%ggg%ilgitr)? %?%%'Qﬂgéyeg r&gé&%gcﬂmnﬂ{@fémnlﬁ?gosacchaﬁde” as used
within this application denotes a polymeric saccharide comprising two or more
covalently linked monosaccharide units.

In the method according to the invention the immunoglobulin from which the
20 glycosylation pattern has to be determined is in a first step enzymatically digested /
cleaved with the enzyme IdeS in an HC Fe-fragment and a Fab,-fragment. If the
glycosylation pattern of a glycosylation site in the Fab,-fragment has to be
determined a reduction of the immunogiobulin disulfide bonds with a reducing
agent is performed in one embodiment of the method according to the invention.
25 After the enzymatic cleavage and the optional reduction step the solution is
acidified in order to induce the dissociation of the two heavy chain Fe-fragments.
In one embodiment the acidification is in the same step as the reduction of the
immunoglobulin disulfide bonds. The obtained fragments are separated by reverse
phase HPLC (RP-HPLC). For the determination of the glycosylation pattern the
30 sample containing the dissociated heavy chain Fe-fragments and optionally the
Fab,- or Fab-fragments of the immunoglobulin is subjected to a mass spectrometric
(MS) analysis. With the results of the MS analysis the glycosylation pattern of the
immunoglobulin is determined. In one embodiment the MS analysis is performed
in a separated step aside from the RP-HPLC (offline). In another embodiment the



immunoglobulin of the subclass 1gG1 or 1g02 or 1IgG4 or of a murine - 16 - inununoglobulin of the
subclass IgG2a or IgG2b or 1Ig03 comprising the following steps: a) providing a sample of the

recombinantiy;prndresdmmunoglobulin, b) digesting the immunoglobuli%%&gﬁ%%,j\/}v&h the
enzyme ldeS, 5c¢)treating the enzymatically cleaved immunoglobulin of step b) with formic acid and a

reducing agent, d) separating the obtained fragmenig, of said immunoglobulin by reversed phase high
performance liquid chromatography and/or desalting the obtained fragments by size exclusion
chromatography, 10e)subjecting the separated fragments of the immunoglobulin obtained in step d) to

a mass spectrothefiekpgsrepyEiectiribioitfibaRkR 8BS kb denbnsiet: divieltsterfitiing the

glycosylation p&FeHPhedirutinpglobudbd tramtisevBasgispaaitometric data obtained in step e).
15Another aspect of the current invention is a method for the production of a Fab2-fragment or a

i IMmUnoaDuI e SHdcs I et o g 2)
/ .the subclass aor or compri :
2123%‘?%“ o e AT, L p e eile 2 S RN BRI Be obraned.
b) cleaving saidiuMitfh FASH RS BIPIEEEtdRvimeHe Erisy ma sty dnsburambirritgnideh is to be
produced treatithgosgithen aykh dimeifitscifrare dhen vpghoghobutionof siapde) witld feemsiciaitid and a
reducing agentpligosaccharide analysis at the level of HC Fe-fragment of immunoglobulins. The
glycosylated HC Fc-fragment appears in the mass spectrum in the m/z range of 800
to 2000 (see e.g. Figure 2) whereas the Fab,-fragment appears due to its double
10 weight in the range from 1900 to 3000 nv/z (see e.g. Figure 3). The two fragments
of the immunoglobulin can therefore be separated by mass spectrometry which is
an effect that facilitates data interpretation.

Thus, one aspect of the current invention is a method for the determination of the
glycosylation pattern of a human or humanized immunogliobulin of the subclass

15 IgG1 or 1gG2 or IgG4 or of a murine immunoglobulin of the subclass IgG2a or
1gG2b or IgG3 or a variant thereof comprising the following steps:

a)  digesting the immunoglobulin by treatment with the enzyme IdeS,

b)  desalting the enzymatically cleaved fragments of the immunoglobulin
obtained by the enzymatic digestion by a size exclusion

20 ‘ chromatography,

¢}  subjecting the separated fragments of the immunoglobulin obtained in
step b} to a mass spectrometric analysis, and

d)  determining the glycosylation pattern of the immunoglobulin from the
mass spectrometric data obtained in step c).

25 In one embodiment the methods according to the invention comprises as step a) the
following step:

a)  digesting the immunoglobulin by treatment with the enzyme IdeS and
with the enzyme carboxypeptidase B.

In this embodiment the immunoglobulin is cleaved by the enzyme IdeS in order to

30 obtain the HC Fc-fragment and the Fab,-fragment and in the same step the
C-terminal lysine of the immunoglobulin heavy chain is removed in order to reduce
the heterogeneity of the immunoglobulin, ie. to obtain a more homogeneous
sample without influencing the glycosylation pattern.



25d) producing said Fab2-fragment or said Fab-fragment by chromatography with a protein A
chromatography or a size exclusion resin. For the purification of recombinantly produced heterologous
immunoglolding @ftes: & combination of different column chromatographysstepsigigaaiqyed. In one
embodiment a protein A affinity chromatography is followed by one or two 30 additional
chromatographic separation steps, e.g. ion exchange chromatographic steps. The final purification
step is a so called "polishing step” for the removal of trace impurities and contaminants like
aggregated immunoglobulins, residual HCP (host cell protein), DNA (host cell nucleic acid), viruses,

and/or endotoxin EGP ~ 1302 R8N g Stdp GHER Sa?ﬁBﬁ“é‘%ﬂa‘??&@%ﬁfg&ﬁﬁﬁ?g material in
a flow-through paidefisysednDiffigidnt imdtiabds abtawed dstaislishexratid witksgeadthséd for protein
recovery ar;]gl pUﬁEB@ﬂHQB@&SWﬂ@&)@W“IﬁE qirai;m@i@atambmgwwﬁiﬁfpml ﬂiﬁ@ﬁlﬁ)ﬁﬁdﬁﬂ@ta@mtein Aor
protein G affinity chromatogra jon exchan romatogra e.g. cation exchange

(carbox methy%gggs?rgﬁ%ﬁ%}(%ﬁ;%ﬁ% l%%ﬁ%%ﬁgﬁ }%gﬁas%yanda\{ rrr%xtgégrg%dgbe%fg %r%e%r,lthiophilic

adsorption (e.gSWibEtastfereEhtIathahel Sy BherSH ifduhdsmeatoptBBES At EPELtN or aromatic
adsorption chramatiegthphysteisteditivbipepyiise plrardse (araraned ophgicardsofsearhl 6f the
m-aminophenylaignicaig)). Avefiad cher At RRINARIIBPALRBLMIED Ni()panddzu(ll-affinity
material), size %%(ﬁleli_lgril? %hro‘{pgto[%%%@/, andinelggaro h%ret;%%l rrtmetgpds %sluc ast‘gelfle ctrophoresis,
capillary electrophoresis (@ijayalea himt, RE: ., AppL. CheiiiS L%o?ec%.‘a? §} 39 .In one
embodiment thERetsoesHibAsbs f@tﬂtiwtiwgib@fm&%@n@oﬁmiﬁg@wﬂm@%id encoding
the immrunoglobbiiingdder conditions suitable for the expression of the heterologous immunoglobulin.
The term "under conditions suitable for the expression of the immunoglobulin” denotes conditions

which are usedifosiib@ &uUivadiamehaheanhliasagileXP L S&IP G BNaiftMstep AP Bhlinb el which are
known to or cagt%gy)évggdg%t.ermined by a person skilled in the art. It is 20 also known to a person

skilled in the art that'these conditions may vary depending on the type of mammalian cell cultivated

and on the type of immungogl| buli%ex ressetd. l}rﬂ gqneral ngre ma ma#%pl cell is cult'kvat data
temperature, e.g. befweet SR ARG TBAETANG T S F5a58 SRR O S TSRSE Wilive protein

production of the immunogfiéBnfieh be Breferamnts daysti osaiiiene agpefursrithcidurrent invention is a
method for the monitoring of the glycosylation patter of a recombinantly produced immunoglobulin by
using d methodmdbsrdingodinteninhenfiotaguikat fabtagredseot dhehensanregichvbntion tkea method for

producing a prefeiv£mpiisingthe sier ofd30a)engynaatigaiieclpamipepaduotein-ipvanaaglobulin
fusion protein Vgi(gﬂnd to each other, is separated in two pFc-fragments. Ther term “pFc-fragment”
as used within this application denotes the single C-terminal polypeptide obtained
from an immunoglobulin heavy chain after enzymatic cleavage with the enzyme

20 fdeS.
In another embodiment the step al) of the method according to the invention is:

al) treating the enzymatically cleaved fragments of the immunoglobulin
obtained by the enzymatic digestion of step a) with formic acid and a
reducing agent.

25 In this embodiment the Fab,-fragment obtained after the enzymatic cleavage of the
immunoglobulin with the enzyme IdeS is further separated in two Fab-fragments
by reduction of the connecting disulfide bonds. In one embodiment the formic acid
is added at the same time as the addition of the reducing agent. In another
embodiment said reducing agent is a TCEP solution. In this embodiment the formic

30 acid and the TCEP solution are both added prior to the incubation, so both
components are present during a single step.



the enzyme IdeS and thereby producing the protein. - 18 - appended claims. It is understood that
modifications can be made in the procedures set forth without departing from the spirit of the invention.

Description ®fhe: Sagygnce Listino SEQ ID NO: 1 Amino acid sequence ghlges fighatigptococcus
pyogenes. 5SEQ ID NO: 2 Murine IlgG2a immunoglobulin sequence starting at CHI and ending with

CH2. SEQ ID NO: 3 Murine IgG3 immunoglobulin sg¢guence starting at CHI and ending with CH2. SEQ
ID NO: 4 Human IgG1 constant region. 10SEQ ID NO: 5 Human IgG4 constant region. Description of
the Figures Figure 1Schematic representation of the IdeS digestion of IgG1l immunoglobulins.

15Figure 2MasSsp @t GERIEE el dRenvENIGPERER S b 1asmeatior) afr &cFMAB%on into mass
spectrometer. Thetspegram ismowsoghiyuhe flycosyiiatedie fiagrapiatidriguagedMiass spéetrum of IdeS
cleaved humanylgGhapalyzad @B enzymes and ag@hd diRGLIRMSIRRRI MG SREGOMeter. The
spectrum shows 20the %Ig/cosa/la%hed Fc-fra%n]egtland th Fae%2-.fraghment. Fl%ur.e 4 Qr%xm%togam of
. useq 10 nye c m&%un giocoulin confained 1n ine sSample mto dehne
1deS digested and reduced murine IgC
fragments. In one embodiment of the method the IgG-specific cysteine protease
IdeS is the IdeS obtained 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 enzymatic cleavage with the IgG-specific
cysteine protease takes place in one embodiment in a pH range between pH 5.5 and
10 pH 8.5. In one embodiment the enzymatic cleavage is in the pH range of from pH
7.0 to pH 8.0. It was also found that the molar ratio of the IgG-specific cysteine
protease to the immunoglobulin molecule should be between 1:25 and 1:2500, in

another embodiment between 1:25 and 1:100.

In one embodiment of the method according to the invention the eluate of the
15 reversed phase high performance liquid chromatography or the size exclusion
chromatography is directly infused into the mass spectrometer.

If in the method according to the invention the glycosylation pattern of the Fab-
fragment of an immunoglobulin has to be determined the method comprises the

following steps:

20 a)  digesting the immunoglobulin by treatment with the enzyme IdeS,

b)  treating the enzymatically cleaved immunoglobulin of step a) with
formic acid and a reducing agent,

¢}  separating the obtained fragments of said immunoglobulin by reversed
phase high performance liquid chromatography and/or desalting the

25 obtained fragments by size exclusion chromatography,

d)  subiecting the separated fragments of the immunoglobulin obtained in
step ¢) to a mass spectrometric analysis by direct infusion into a mass
spectrometer, and

¢}  determining the glycosylation pattern of the immunoglobulin from the

30 mass spectrometric data obtained in step d).

Another aspect of the current invention is a method for the determination of the
glycosylation pattern of a recombinantly produced human or humanized
immunoglobulin of the subclass IgGl or IgG2 or IgG4 or of a murine



immunoglobulin. Figure 5Zoom mass spectrum of heavy chain Fab-frggment with O-
glycosylation in the hinge region of murine 1IgG3 25immunoglobulin. Figure 6Zoom mass spectrum of

heavy chainyzg-fragmenkwith N- glycosylation of murine 1I9G3 |mmunoglobu!]|:‘51EP|:2|(%ldfr‘% {E?Oeconvoluted
mass spectrum of the 0-Glycosylated tryptic peptide _ _
(IPICPSTPPGSSCPPGNILGGPSVFIFPPICPK (HC 17 30heavy chain, amino acid (aa) 217-247_; S and
T: possible 0- glycosylation sites) as obtained from LC MS. _ Figure 8Chromatogram of IdeS digested
humanized 1IgG4 immunoglobulin. Figure 9Zoom mass spectrum of heavy chain Fc-fragment with N-
35glycosylationiB¥Hieiabsin igl3heisvbelnsgisGalirr 13(2b piolg@3] aGimosatabediltfwing
ldeSdigestedhuwpgizedlgG | immunoglobulin. Figure 11Zoom mass spectrum of heavy chain
Fc-fragment with N- glycosylation of humanized IgG1 immunoglobulin.

a)  providing a sample of the recombinantly produced immunoglobulin,

b)  digesting the immunoglobulin by treatment with the enzyme IdeS,

5 c) treating the enzymatically cleaved immunogiobulin of step b) with
formic acid and a reducing agent,

d}  scparating the obtained fragments of said immunoglobulin by reversed
phase high performance liquid chromatography and/or desalting the
obtained fragments by size exclusion chromatography,

10 e)  subjecting the separated fragments of the immunoglobulin obtained in
step d} to a mass spectrometric analysis by direct infusion into a2 mass
spectrometer, and

f)  determining the glycosylation pattern of the immunoglobulin from the
mass spectrometric data obtained in step ¢).

15 Another aspect of the current invention is a method for the production of a
Fab,-fragment or a Fab-fragment of a human or humanized immunoglobulin of the
subclass IgGl or 1gG2 or 1gG4 or of a murine immunoglobulin of the subclass
IgG2a or IgG2b or igG3 comprising the following steps:

a)  providing an immunoglobulin, from which the Fab,-fragment or the
20 Fab-fragment is to be obtained,
b)  cleaving said immunoglobulin by digestion with the enzyme IdeS,
¢) if the Fab-fragment is to be produced treating said enzymatically
cleaved immunoglobulin of step b) with formic acid and a reducing
agent,
25 d)  producing said Fab,-fragment or said Fab-fragment by chromatography
with a protein A chromatography or a size exclusion resin.

For the purification of recombinantly produced heterologous immunoglobulins
often a combination of different column chromatography steps is employed. In one
embodiment a protein A affinity chromatography is followed by one or two
30 additional chromatographic separation steps, e.g. ion exchange chromatographic
steps. The final purification step is a so called “polishing step” for the removal of
trace impurities and contaminants like aggregated immunoglobulins, residual HCP
(host cell protein), DNA (host cell nucleic acid), viruses, and/or endotoxins. For



5Figure 120verlay of chromatograms of IdeS digested humanized IgG1 immunoglobulin taken from
the supernatant of a cultivation and a protein A purified sample. Figure 130verlay of mass spectra of

IdeS digestebhumarized 1gG1 immunoglobulin taken frompihe sepesnasant of a
cultivation and a 10protein A purified sample (retention time: 16.8 minutes). Figure 14Zoom overlay of

mass spectra of IdeS digested humanized IgG1 imrh@roglobulin taken from the supernatant of a
cultivation and a protein A purified sample (retention time: 16.8 minutes). Figure 15Ana|ytica| size
exclusion chromatogra overlayé%{ the complete 1 |mml#?H: lobulin, he Fab2- me t and the

[

standard. Exaniife FIERERE RIS SA'SH e AHAR ST 15i8Ee hog;flﬁ Yo R é t‘lyatlon was
determined by fhesagh ofoda hsedption 20 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) andiffzscoaloethteld accordingstabiidied ethd dvoldPmreed Gskid, Bt girp{firotedn 8¢y, 4 (1995)
2411-2423). ExgRingr&i 48GENeIa] Mtemqaﬁ,(t@ﬁég@t@ggﬁﬁwﬁﬁ HGeteM fpfoeaatngof the
glycosylation patt rnl the Fe- tfé”ﬂagi)‘ ?éﬂ—? %?éf‘ 0 a |mmuno {Ii%bullc are |Iutedhtoaf|nal
concentration dt' 1 g mg miSh RISIEE L p% § 8“2%?% £ M /m? rﬁnol) of
|mmunog|obu|.ﬁecﬁegaé@m@@hﬁpﬁ@e(mtémmvmambwla?eeaeméﬁ%a@weeaﬁhyl resins)
and mixed-mode exchange), thiophilic adsorption (e.g. with beta-mercaptoethanol
and other SH ligands), hydrophobic Interaction or aromatic adsorption
chromatography (e.g. with phenyl-sepharose, aza-arenophilic resins, or
10 m-aminophenylboronic acid), metal chelate affinity chromatography (e.g. with
Ni(I)- and Cu(l)-affinity maternal), size exclusion chromatography, and
electrophoretical methods (such as gel electrophoresis, capillary electrophoresis)
(Vijayalakshmi, M.A., Appl. Biochem. Biotech. 75 (1998) 93-102).

In one embodiment the method comprises cultivating a eukaryotic cell comprising

15 a nucleic acid encoding the immunoglobulin under conditions suitable for the
expression of the heterologous immunoglobulin. The term *“under conditions
suitable for the expression of the immunoglobulin” denotes conditions which are
used for the cultivation of a mammalian cell expressing an immunoglobulin and
which are known to or can easily be determined by a person skilled in the art. It is

20 also known to a person skilled in the art that these conditions may vary depending
on the type of mammalian cell cultivated and on the type of immunoglobulin
expressed. In general the mammalian celi is cuitivated at a temperature, e.g
between 20 °C and 40 °C, and for a period of time sufficient to allow effective
protein production of the immunoglobulin, e.g. for 4 to 28 days.

25 Another aspect of the current invention is a methed for the monitoring of the
glycosylation patter of a recombinantly produced immunoglobulin by using a
method according to the invention.

Still a further aspect of the current invention is a method for producing a protein

comprising the step of:

30 ay  enzymatically cleaving a protein-immunogiobulin fusion protein with
the enzyme IdeS and thereby producing the protein.

The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the



30 enzyme to immunoglobulin ratio of 1:50 by weight. The solution is incubated for 2to 5h at 37 C
depending on the immunoglobulin used. For analysis-with size exclusion chromatography and direct
infiision intoywgass gRegliometer the enzyme activity is stopped by additiopefapravalssetume of 1 %
formic acid to the solution. - 20 - Reduction of IdeS digested immunoglobulin for additional analysis of
glycosylation pattern in the Fab-fragment: For reduction half of the sample is diluted with 64 pi of 100
mM potassium phosphate buffer pH 7.0 to give a final volume of 115 pl. Then, 60 pl of 0.5 M 5 TCEP
(tris (2-carboxyethyl) phosphine, Pierce) dissolved in a volume of 4 M guanidine hydrogchloride and 50
ml of 8 M guanﬁﬁﬂ%nﬂ%ﬁ%%’%ngésé}%dﬁﬁm ﬁﬂ%’i’@?ﬁﬁ@fﬁ%@&ﬁﬁb‘?& @%f%ﬁlfbgfsgfyﬁreg%r%nutes at 37
C. The reactiorsés &whpethbyt sldpaicmedi@pthsf Yordofihg foremiéoacid. ,Example 3 10General Method
B (for NCI, 1gG3, 1gG4) Combined IdeS and CpB digest: 100 pg (0.66 nmol) immunoglobulin are
diluted to a finaDesndptitiaidnbefSkeqeeint DifnpM TRIS/HC1 buffer pH 8.0 and 2 ul (¢ = 1 mg/ml,
0.06 nmol) of Immunoglobulin degradlng enzyme (IdeS, MW 345890 Da) are added to give an 15

enzyme to inungiREOIPONIE: rﬁtlgﬁﬁa&@lbxaﬁa@ﬁ% JHR D barsisdnoubaiedipsgedeso 5 h at 37C
depending on t I byl e r ti Rag
Dlagnosgt]lcs Gm ii-&lg]@ann e?m ﬁ%ﬁ lJ)}ls S@gﬂ%@ogﬁi Saigllg mﬁe?gaeqf?e the end of the

IdeS incubation time to give an%®f (Fr*f?fnunoglobulln ratio of 1:25 by weight. 20Example 4

General Metho8I XD §G: Wltm@@mpldg@@/mgmi@glm&ermﬁmnmm anfEndod digest: 25

pg (0.17 ninol) |mmunoglobullne§§|g§déllmgd@gp_a final concentration of 0.5 mg/ml in sodium phosphate

buffer at pH 6 g 3 5 U/ﬁogﬂé?o 5 Endoglyco&dase H (Roche Diagnostics GmbH,
are adde

Mannheim, Germ or ‘fgﬁ at 37 C to cleave the oligosaccharide
structutBs. SubSEQERAYOmS pﬁ%%}&%&%ﬂ% KE&ding 25 ul of 0.1 M TRIS/HC1 buffer pH 8.0.
Cleavage of the immunoglobulin is achieved by adding 0.5 ul of (¢ = 1 mg/ml, 0.02 nmol) of

Immunoglobuligydggiaging GaEReJA’S, MW

Figure 1 Schematic representation of the IdeS digestion of IgGl
immunoglobulins.
15 Figure 2 Mass spectrum of IdeS cleaved human IgG1l analyzed by SEC

and direct infusion into mass spectrometer. The spectrum shows
only the glycosylated Fc fragment.
Figure 3 Mass spectrum of IdeS cleaved human IgGl analyzed by SEC
and direct infusion into mass spectrometer. The spectrum shows
20 the glycosylated Fe-fragment and the Fab,-fragment.
Figure 4 Chromatogram of IdeS digested and reduced murine IgG3
immunoglobulin.
Figure § Zoom mass spectrum of heavy chain Fab-fragment with C-
glycosylation in the hinge region of murine IgG3
25 immunoglobulin.
Figure ¢ Zoom mass spectrum of heavy chain Fc-fragment with N-
glycosylation of murine IgGG3 immunoglobulin.
Figure 7 Deconvoluted mass spectrum of the O-Glycosylated tryptic
peptide (JPKPSTPPGSSCPPGNILGGPSVFIFPPKPK (HC =
30 heavy chain, amino acid (aa) 217-247, 8 and T: possible O-
glycosylation sites) as obtained from LC-MS.
Figure 8§ Chromatogram  of IdeS  digested humanized IgG4
immunoglobulin.
Figure 9 Zoom mass spectrum of heavy chain Fe-fragment with N-
35 glycosylation of humanized IgG4 immunoglobulin.



30345890 Da) and incubation for 2 h at 37C. -21 - Example 5 General Method D (for cultivation
supernatants) Combined IdeS and CpB digest: 50 pg (0.33 nmol) of a cultivation supernatant of a

cultivation ofyanfmamgaiagoglobulin expressing eukaryotic cell are centrifuggerfps1¥iagies at 10,800
rcf (relative centrifugal force) and diluted to a final concentration of 0.7 mg/ml in 50 mM TRIS/HC1

buffer pH 8.0. 1 pl (¢ = 1 mg/ml, 0.06 nmol) of Irmnuniéglobulin degrading enzyme (IdeS, MW 345890
Da) is added to give an enzyme to immunoglobulin ratio of 1:50 by weight. The solution is incubated

for2 10to 5 h at 37 C depending on the immunoglobylin,used. 1 pl (1 mg/ml) of Carb eptidase B
(CpB, Roche DIgHBSHs GmbMPTARRIEERR, Ge?ﬁmn%% adg&ﬁ%?(herg%‘\ﬁ‘i‘)w miﬁ%%é)s before the
end of the IdeS incubation timeitengjiwegipbehryme to immunoglobulin ratio of 1:25 by weight.
JExample 6 15RFuFPLIC-MS methedniiie Lipetiis peTREAEd edian Pgiierideap LGR160 coupled to
QTOF Il (Micromass/VVaters). ng’g S {%%gt&gﬁam;@o%@iiqmﬁgggmg on a Phenomenex

Jupiter C18 column (5 pm partig size, 300 A pore size, I'x 250 mm column). Eluent A is 0.5 % formic

acid, eldent B i #89% 12opropaRSETsy ot shrgeingiie 95 Yedydiersiel Bisspizstmielid. The flow
is 40 pl/min, the separation is penformeglabulis GkendiRpgld Supdrodtimnmircgibbulivobtdined with a
method according to one of thegesmplasiAtiedsakdipjected onto the column. Following gradient is
applied: Time (%J.jnl)l %1%0 20 7&0 q . 3
igure verlay of mass spectra of IdeS digested humanized IgGl
immunoglobulin taken from the supernatant of a cultivation and a
10 protein A purified sampie (retention time: 16.8 minutes).
Figure 14 Zoom overlay of mass spectra of IdeS digested humanized IgG1
immunoglobulin taken from the supernatant of a cultivation and a
protein A purified sample (retention time: 16.8 minutes).

Figure 15 Analytical size exclusion chromatogram overlay of the complete
15 immunoglobulin, the Fab,-fragment and the standard.
Example 1
etermination of the antibody concentration:

The antibody concentration was determined by means of an absorption

20 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).

Example 2
25 General Method A (for 1gGl, IgG3)

IdeS digestion for analysis of the glycosylation pattern in the Fe-fragment:

100 pg (0.66 nmol) immunoglobulin are diluted to a final concentration of I mg/ml
in 50 mM TRIS/HCI buffer pH 8.0 and 2 pl (¢ = I mg/ml, 0.06 nmol) of
Immunoglobulin degrading enzyme (IdeS, MW 345890 Da) are added to give an

30 enzyme to immunoglobulin ratio of 1:50 by weight. The solution is incubated for 2
to 5 h at 37 °C depending on the immunoglobulin used. For analysis” with size
exclusion chromatography and direct infusion into mass spectrometer the enzyme
activity is stopped by addition of an equal volume of 1 % formic acid to the
solution.



2529 50 32 100 37 100 38 20 50 20 - 22 - During the first 7 minutes the eluate is directed into the
waste to prevent the mass spectrometer ion source from salt contamination. UV signal at 280 nm

(reference 368 fumydssiegorded. MS spectra are acquired using a capillanpyelhiage:0fds 720 V, a cone
voltage of 30 V in a mass range from 600 to 2000 rn/z in positive ion mode 5using a desolvation
temperature of 120 C and a source temperature of 80 €. MS data are acquired from 7 to 50 minutes.
Examnle 7 Glycoanalysis of IdeS cleaved antibody by direct infusion Size exclusion chromatography:

1045 P9 (90 P e hon o Taed UTgeetod Tomnb o Bukn Tor Auditionar snaryan of 9

giycosylation pattern in the Fab-fragment:

For reduction half of the sample is diluted with 64 pl of 100 mM potassium
phosphate buffer pH 7.0 to give a final volume of 115 pl. Then, 60 pl of 0.5 M

5 TCEP (tris (2-carboxyethyl) phosphine, Pierce) dissolved in a volume of 4 M
guanidine hydrochloride ard 50 ml of 8 M guamdine hydrochloride are added.
Afterwards the sample is incubated for 30 minutes at 37 °C. The reaction is stopped
by addition of 5 pl of 20 % (v/v) formic acid.

Fxampie 3
10 General Method B (for IgGl, IgG3, IgG4}

Combined IdeS and CpB digest:

100 ug (0.66 nmol} immunoglobulin are diluted to a final concentration of 1 mg/ml
in 50 mM TRIS/HC! buffer pH 8.0 and 2 ul (¢ = 1 mg/ml, 0.06 nmol) of
Immunoglobulin degrading enzyme (IdeS, MW 345890 Da) are added to give an

15 enzyme to immunoglobulin ratio of 1:50 by weight. The solution is incubated for 2
h to 5 h at 37 °C depending on the immunogiobulin used. 1 pl (1 mg/ml) of
Carboxypeptidase B (CpB, Roche Diagnostics GmbH, Mannheim, Germany) is
added to the solution 30 minutes before the end of the IdeS incubation time to give
an enzyme to immunoglobulin ratio of 1:25 by weight.

20 Exampie 4
General Method C (for 1gG with complex glycosylation pattern)

Combined IdeS and EndoH digest:

25 pg (0.17 nmol) immunoglobulin are diluted to a final concentration of

0.5 mg/ml in sodium phosphate buffer at pH 6.0 and 2.5 ul (¢ = 2.5 U/500 pl) of
25 Endoglycosidase H (Roche Diagnostics GmbH, Mannheim, Germany) are added

and incubated for 18 h at 37°C to cleave the oligosaccharide structures.

Subsequently, the pH is adjusted to 8.0 by adding 25 pl of 0.1 M TRIS/HCI buffer

pH 8.0. Cleavage of the immunoglobulin is achieved by adding 0.5 pl of

(¢ = 1 mg/mi, 0.02 nmol) of Immunoglobulin degrading enzyme (IdeS, MW
30 345890 Da) and incubation for 2 h at 37°C.



to one of the Examples 2 to 5 are injected onto a Sephadex 025 self packed ECO SR column (5 x 250
mm) (KronLab) equilibrated with 2 % formic acid, 40 % acetonitrile at a flow rate of 0.5 ml/min for 30
minutes. Thggrateinsis desalted using an 8 minute isocratic elution with 2@erfernicacid 40 %
acetonitrile at a 15 flow rate of 1 ml/min. The elution of the desalted protein is recorded by UV (280
nm) and sample is collected via fraction collector ingd microtiter plates. The microtiter plates can be
inserted into a TriversaNanoMate (Advion) system and MS spectra are recorded automatically or
sample can be pipetted manually into a metal coated glass needles (Proxeon Biosystems Nano
ESI-needles, ¢ ) and 20sprayed into the mass spectrometer. MS parameter for direct
infusion on a QFéErliMiethok Bt (focreltivstity atae)na@ityectra are acquired using a capillary
voltage of 800 V, a cone voltage of 33 V in a mass range from 600 to 2000 m/z (glycosylated
Fc-fragment) irCpesitived dd<3omddepBsifigeatdesolvation temperature of 120C and a source
temperature of 80 C. MS data are acquired for approx. 2 minutes. Example 8 Glycoanalysis of a
murine 19G3 inymurlgglgbmin nmél)e srethoguapentoingidhraimvwenifon hasliiesioexemnplified in this

Example with 3, QMRS5S LnmungIohilny s dioslsib bR spohsaRdatan sites, one

in the Fab- fragmenlt1 "one in't men he chromatogram of an IdeS digested and

reduced murind4¢€% Mﬂéﬂ@o&ﬁﬁt&@gﬂimﬁ‘ﬁ?f"}: gifediluied oinfof iR FORSEURMIPUM of the heavy
chain Fab-fragf@ntgfith thes0-gipt IRASHSGibuFertrith8.fediod is showreimkig@ieBnelhefeas a zoom

of the mass spegimhefdhain s hRindhe iR MY, Witvtha segy gié/}l%)ﬁﬂi&lntﬁlt@w% shown in
Figure 6. In Flgeure 7 a, decon‘\}/&lzgﬂ?‘ g é?%a Rs)p(%c{rg%of ‘?E,he Rtg%coiﬁﬁégg gmwbg T;is shown with
a

the glycosylation ﬁ'gf‘ter%l ycoanalys|s 0 manize 4 immunoglohulin 10The

metho#faccordifigitditrié |3R/eﬁt|6ﬁ9?5§%%éﬁ’eﬁl?n'fﬁlﬂ?éa(iﬁ]?rl’?%hﬁxﬁ lelwith & HEMEH?
immunoglobuliCatmprisiriiash uin &0pB GR dnh ihegholstitis meiﬁt’é,rit/ﬁaglhmmTK“@mmuhoglobulin has
one N-glycosylafign s4eHR beksr HagheRts before the end of the IdeS incubation time to give

an enzyme to immunoglobulin ratio of 1:25 by weight.

Example 6
is RP-HPLC-MS method

The LC-MS is performed on an Agilent Cap LC1100 coupled to QTOF II
(Micromass/Waters). The chromatographic separation is performed on a
Phenomenex Jupiter C18 column (5 pm particle size, 300 A pore size, I x 250 mm
column). Eluent A is 0.5 % formic acid, eluent B is 70 % Isopropanol, 20 %
20 acetonitrile, 9.5 % Water and 0.5 % formic acid. The flow is 40 pl/min, the
separation is performed at 75 °C and 2 ug (10 ul) of immunoglobulin obtained with
a method according to one of the Examples 2 to 5 are injected onto the column.

Following gradient is applied:

Time (min) % B

0 20

7 20

9 25

29 50

32 100

37 100

38 20 )
50 20

25



The chromatogram of the IdeS digested humanized Ig64 immunoglobulin is shown in Figure 8. A zoom
of the mass spectrum of the heavy chain Fe-fragment with the 15N-glycosylation site is shown in

Figure 9. Exagnplen e i&lycoanalysis of a humanized IgG1l immunoglobulisyr kg mgihesl according
to the invention has been exemplified in this Example with a humanized immunoglobulin comprising a

human IgG | immunoglobulin constant 20region. Thig immunoglobulin has one N-glycosylation site in
the Fe-fragment. The chromatogram of the IdeS digested humanized IgG1 immunoglobulin is shown in
Figure 10. A zoom of the mass spectrum of the heayy chain Fe-fra ment with the (V;\é‘glycosylatlon site

is shown in Fighit&i1g t@ﬁﬁb?e“l@”ﬁ%‘l%@ﬁﬁﬁl%@r&ﬁi’qlmmﬁ P REEISEREH from a
cultivation supesgratambdbeimeshotadoondialy totkenimatintioh/ Nas hwé atel@mpiifiseféretivie Example

with a humaﬂlZ@&b'mﬂqu@éﬂQ}&W WRMPESIAGR Bb@ﬁe&@@hmuﬁm@wlmg@eﬁmmooe@on whereby
the sample for ana SIS yas o @r\gd dlrectl from ultu ig%%w%'_& i}lOanS'lﬁwtwatl |thout further

purification. Thf‘s @86’ haddhe N on Site in th dgment mpIe

shows that it |S%R)F§i5012’4t1% Eﬁ’gﬁ’ﬂﬁ@%ﬂﬁyd&%cgo?ﬂ%@ toMiE Fﬁ@’éﬁf&ﬂ%“ﬁé’%%%rﬁm%%ool for
monitoring the ghyﬁa@/hatleﬁdﬂluﬁa@thmdﬂ)lmm of a eukaryotic cell. The chromatogram of the IdeS
digested sample from the culture supernatant in comparison with a sample purified W|th a protein A

chromatography i &Bgwvn in

Glycoanalysis of IdeS cleaved antibody by direct infusion
Size exclusion chromatography:

10 45 pg (90 ul) of 1deS cleaved immunoglebulin obtained with a method according
to one of the Examples 2 to 5 are injected onto a Sephadex G25 self packed ECO
SR column (5 x 250 mm) (KronLab) equilibrated with 2 % formic acid, 40 %
acetonitrile at a flow rate of 0.5 mi/min for 30 minutes. The protein is desalted
using an 8 minute isocratic elution with 2 % formic acid, 40 % acetonitrile at a

15 flow rate of 1 ml/min. The elution of the desalted protein is recorded by UV (280
nm) and sample is collected via fraction collector into microtiter plates. The
microtiter plates can be inserted into a TriversaNanoMate (Advion) system and MS
spectra are recorded automatically or sample can be pipetted manually into a metal
coated glass needles (Proxeon Biosystems Nano ESI-needles, cat# ES387) and

20 sprayed into the mass spectrometer.

MS parameter for direct infusion on a QTOF Il instrument
{Micromass/Waters):

MS spectra are acquired using a capillary voltage of 800 V, a cone voltage of 33 V
in a mass range from 600 to 2000 m/z {glycosylated Fe-fragment) in positive ion

25 mode using a desolvation temperature of 120 °C and a source temperature of 80 °C,
MS data are acquired for approx. 2 minutes.

Exampie 8§

Glycoanalysis of a murine IgG3 immunoglebulin

The method according to the invention has been exemplified in this Example with a
30 murine IgG3 immunoglobulin. This immunoglobulin has two glycosylation sites,
one in the Fab-fragment and one in the Fe-fragment.



5 Figure 12. It can be seen that the heavy chain Fc-fragment is eluted at the same point of the
chromatogram. The chromatogram of the protein A purified sample does not contain the light chain of

the immunoglebulim@sthe light chain is removed during protein A chromagegrapb.Legamnie 12
10Production of Fabrfragment of a humanized IgG1 10 mg immunoglobulin are diluted to a final

concentration of 1 mg/ml in 50 mM TRIS/HC1 buffeppH 8.0 and 18 gl (c = 11.3 mg/m1) of
Immunoglobulin degrading enzyme (IdeS, MW 345890 Da) are added to give an enzyme to
immunoglobulin ratio of 1:50 by weight. The solution is incubated for 0.5 to 2 h at 37C with 15 stirring.

Directly after theIh CHERER SR rfs ddsfotiassicd sRthiRdusrsRrEgRlGA s wardabelinusing a
protein A HP highstrapredtufiguiBufie AAzavas mfoﬂmmbuﬁmgaim&atﬁedv)btﬂiem%a&as 100 mM

sodium citrate byffardnH &ﬁlwge ® g%@@a%a rm/@aw | ‘%% ﬁrqgra%fﬁ thﬁs'g\ﬁ@ fsom the flow

through of the ¢ Iumn whereas C- frasgmen IS ob 20 buffer. he obtained
oomé) %0

fractions have a purlf"sgf%rom G065 %R %enﬂ}:lg e%%‘r"c') graphy A
further éunﬁcaﬂ&gb'@}mgtmi asgpzéSeﬁbmmcﬁpgmatégrhprEygmm a sué@wlrgeﬂngrﬁg@ad 16/60

column with a wpkowenofof28emDegindeeiatd rmeticAspridie i Ghovh sotiunh e osphataibuffer with 140
mM sodium chlgride, pH 6.0 was used with a flow of 1 ml/min. As can be 25seen from Figure 15 the

original complete antibody has been converted to its Fab2- fragment. - 25- Patent Claims Method for
the determinatlgr;ﬁag%é%gycosylatlon pattern of a human or humanized immunoglobulin of the
subclass IgG1 IgG4 comprising the followmg s: @) cleaving said immunoglobulin into
fragments by eﬂ%ﬁ?&ﬁélﬁﬁfeﬁlﬁﬁ‘mﬁ'{ﬁé% Hbd’é'é'[mg said immunoglobulin with
carboxypeptidase B, b) treating said enzymatlcally cleaved immunoglobulin with formic acid and a

reducin agentTé)?%b@étﬁ@@%%é@ﬁhén@f@ftgm@aﬁhﬂ@hwlﬁpémmcﬁmnbe@ﬁﬁymatuc
digestion by reversesipdasenigbgistioimenapricinid-chiamatngsapyndhsubledingdhaseparated

fragments of saichiBHNHNEAARUND ARSAINPHNGHER D 10:3/MASH SREFIADeLiGARAlysis. and e)

determining the glycosylation pattern of said immunoglobulin from the mass spectrometric data

obtained in stephge) cnget od for th d?&eérr%:nat fthe %écloaq ation atéf fntpesﬁabz fragment of

a human or humanize nog obulin o comprlsm the following

ass
steps: a) cIeawH’gFéﬁfHeuSnrﬁtﬁ%’é‘Po‘B{ﬂh? i’i‘?ﬂﬁ’?r‘%ﬁ&ﬁﬁ%ﬁ’i’s" §fg€ Ea(‘.ﬂgpe%‘%’r%ﬁfﬁ Mét %/me ides
and tréatting sa-ghrsybglabsiia withosarboXypeptidase B,

Example 10

Glycoanalysis of 2 humanized IgG1 immunoglobulin

The method according to the invention has been exemplified in this Example with a
humanized immunoglobulin comprising 2 human IgGl immunoglobulin constant

20 region. This immunoglobulin has one N-glycosylation site in the Fc-fragment.

The chromatogram of the IdeS digested humanized IgG1 immunoglobulin is shown
in Figure 10. A zoom of the mass spectrum of the heavy chain Fc-fragment with
the N-glycosylation site is shown in Figure 11.

Ex e
25 Glycoanalysis of a humanized IgG1 immunoglobulin from 2 cultivation
supernatant

The method according to the invention has been exemplified in this Example with a
humanized immunoglobulin comprising a human 1gGl immunogiobulin constant
region whereby the sample for analysis was obtained directly from culture
30 supernatant of a cultivation without further purification. This immunoglobulin has
one N-glycosylation site in the Fc-fragment. This Example shows that it is possible



b) treating said enzymatically digested immunoglobulin of step a) with formic acid and a reducing
agent, c) separating the obtained fragments of said immunoglobulin by reversed phase high

performancegyiglichgspmpatography, d) subjecting the separated fragmenig-qlsaigh dmspragoglobulin
obtained in step c) to a mass spectrometric analysis by direct infusion into a mass spectrometer, and -

26- e) determining the glyeosylation pattern of said gab2-fragment from the mass spectrometric data
obtained in step d). -27- 3. Method according to any one of the preceding claims, characterized in that
said separating step is: - desalting the obtained fragments of said immunoglobulin by a size exclusion

chromatographtf. 4SMBEHBEERE SFaRTE RS 4Ry a3 B ARG ARAS R ERIiERDE 45 that said
cleaving is perfgiynesyiatiarpiiraggbcoatiicenqpHBasubagy etk 8¢H, 5. Method according to any one of
the preceding claims, characterized in that the cleaving is performed for two hours. 6. Method
according to anyhenéhfdae praaesing<lrisss dopatedtenapl ifrdhatisaichiede cimgeagenttisn

tris-(2-carboxyelhulapRgsRiiie, LML AR (A B8 ORCAIIRERIEEHING Cif)

characterized i olar ratio of IgeS to the imraunoglohulin molec%ﬁ&iﬁs bet eg}ﬁ?% and
1:2500.5 SEQUERIEE 1SH 548 02 3850 Eha8 S BFYY SPRiGche RREBI¥0s Mmsd i dhsotame

Glycosylation Patietethalghomagsags JiE Wigoasmesarp 09 aba psaig Aspurfggosaride

does not contain the light chain of the immunoglobulin as the light chain is
removed during protein A chromatography.

Example 12
10 Production of Fab,-fragment of 2 humanized IgG1

10 mg immunoglobulin are diluted to a final concentration of 1 mg/ml in 50 mM
TRIS/HCI buffer pH 8.0 and 18 ul (¢ = 11.3 mg/ml) of Immunoglobulin degrading
enzyme (IdeS, MW 345890 Da) are added to give an enzyme to immunoglobulin
ratio of 1:50 by weight. The solution is incubated for 0.5 to 2 h at 37 °C with

15 stirring. Directly after the incubation with IdeS a protein A column
chromatography was performed using a protein A HP high trap column. Buffer A
was phosphate buffered saline at pH 7.4, buffer B was 100 mM sodium citrate
buffer pH 2.8 with a flow rate of 1 ml/min. The Fab,-fragment is obtained from the
flow through of the column whereas the Fe-fragment is obtained by elution with

20 buffer B. The obtained fractions have a purity of from 84 % to 95 % when
determined by size exclusion chromatography. A further purification step using a
size exclusion chromatography with a Superdex 75 HighLoad 16/60 column with a
volume of 120 ml can be performed. As buffer 20 mM sodium phosphate buffer
with 140 mM sodium chloride, pH 6.0 was used with a flow of 1 ml/min. As can be

25 seen from Figure 15 the original complete antibody has been converted to its Fab,-
fragment. .



<160> 5 <170> PatentIn version 3.5 <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 Ala Val 151015 Thr Leu Phe Val
Lou Ser Val Asp Arg Gly Val lle Ala Asp Ser Phe _2952530 Ser Ala Asn Gin Glu lle Arg Tyr Ser Glu Val
Thr Pro Tyr His Val 354045 Thr Ser Val Trp Thr LyS sly 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 65707580 Asp lle Thr Lys Thr Phe
Asn Gly Lys Asp Asp Len Len Cys Gly Ala 859095 Ala Thr Ala Sly Am n Met Len His Trp Trp Phe Asp
GIn Ann Lys Asp 100105110 Gin lle Lys Arg TYrieBt{BiM&Sin His Pro Glu Lys GIn Lys lle Ann

1. Method for the determination of the glycosylation pattern of a human or humanized
immunoglobulin of the subclass IgGl or IgG2 or 1gG4 comprising the following

steps:

a) cleaving said immunoglobulin into fragments by enzymatic digestion with the

enzyme IdeS and treating said immunoglobulin with carboxypeptidase B,

b} treating said enzymatically cleaved immunoglobulin with formic acid and a

reducing agent,

¢} separating the fragments of said immunoglobulin obtained by the enzymatic

digestion by reversed phase high performance liquid chromatography;

d} subjecting the separated fragments of said immunoglobulin obtained in step c)

{0 a mass spectrometric analysis, and

e} determining the plycosylation pattern of said immunoglobulin from the mass

spectrometric data obtained in step d).

2. Method for the determination of the giycosylation pattern of the Fab,-fragment of a
human or humanized immunoglobulin of the subclass 1gG1 or 1gG2 or 12G4

- comprising the following steps:

a) cleaving said immunoglobulin into fragments by enzymatic digestion with the

enzyme IdeS and treating said immunoglobulin with carboxypeptidase B,

b) treating said enzymatically digested immunoglobulin of step a) with formic

acid and a reducing agent,

c) separating the obtained fragments of said immunoglobulin by reversed phase

high performance liquid chromatography,

d) subjecting the separated fragments of said immunoglobulin obtained in step ¢)
to a mass spectrometric analysis by direct infusion into a mass spectrometer,

and



115120125 -2- 130 135140 Mn His Gin Leu Asp Ser Lys Leu Phe Glu Tyr Phe Lys Giu Lys Ala
145150155160 Phe Pro Tyr Leu Ser Thr Lys His Lou Gly Val Phe Pro Asp His Val 165170175 lle Asp
Met Phe lle Asn Gly Tyr Arg Leu Ser Lou Thr Mn His Gly 180185190 Pro Thr Pro Val Lys Glu Gly Ser
Lys Asp Pro Arg Gly Gly lle Phe 195200205 Asp A% Val Phe Thr Arg Gly Asp Gin Her Lys Leu Lou
Thr Her Arg 210215220 His Asp Phe Lys Glu Lys Mn Lou Lys Glu lle Her Asp Lou lle Lys
225230235240 Lys Glu Lou Thr Glu Gly Lys Ala Leu Gly Lou Ser His Thr Tyr Ala 245250255 Asn Val
Mg lie Asn His Val lle Asn Lou Trp Gly Ala Asp Phe Asp 260265270

e} determinmg the glycosylation pattern of said Fab,-fragment from the mass

spectrometric data obtained in step d).



Her Asn Gly Asn Lou Lys Ala lle Tyr Val Thr Asp Her Asp Her Asn 275280285 Ala Ser lle Gly Met Lys
Lys Tyr Phe Val Gly Val Asn Her Ala Gly 290295300 Lys Val Ala lle Her Ala Lys Glu lle Lys Glu Asp
Asn lle Gly Ala 305310315320 Gin Val Leu Gly Lou She Thr Leu Her Thr Gly Gin Asp Her Trp Asn
325330335 Gin Thr Mn - 3 - <210> 2 <211> 224-22412> PRT <213> Mus musculus <400> 2 Ala Lys
Thr Thr Ala Pro Ser Val Tyr Pro Leu Ala Pro Val Cys Gly 151015 Asp Thr Thr Gly Ser Ser Val Thr Leu
Gly Cys Leu Val Lys Gly Tyr 202530

3 Method according to any one of the preceding claims, characterized in that said

separating step is:

- desalting the obtained fragments of said immunoglobulin by 2 size exclusion

chromatography.

4. Method according to any one of the preceding claims, characterized in that said

cleaving 1s performed in a pH range between pH 5.5, and pH 8.5.

h3 Method according to any one of the preceding claims, characterized in that the

cleaving is performed for two hours.

6. Method according to any one of the preceding claims, characterized in that said

reducing agent is tris-{2-carboxyethyl}-phosphine.

7. Method according fo any one of the preceding claims, characterized in that the molar

ratio of IdeS to the immunoglobulin molecule is between 1:25 and 1:2500.



She Pro Glu Pro Val Thr Leu Thr Trp Asn Set Gly Set Leu Ser Set 354045 Gly Val His Thr She Pro Ala
Val Leu Gin Set Asp Leu Tyr Thr Leu 505560 Set Ser Ser Val Thr Val Thr Set Ser Thr Trp Pro Set Gin
Set lle 65707580 Thr Cys Asn Val Ala His Pro Ala Ser Set Thr Lys Val Asp Lys Lys 859095 lle Glu Pro
Arg Gly Pro Thr lle Lys Pro Cys Pro Pro Cys Lys Cys 100105110 Pro Ala Pro Asn Leu Leu Gly Gly Pro
Ser Val She lle Phe Pro Pro 115120125 Lys lle Lyis-Asp Val Leu Met lle Set Leu Set Pro lle Val Thr
Cys 130135140 Val Val Val Asp Val Set Glu Asp Asp Pro Asp Val Gin lle Set Trp 145150155160 She
Val Asn Asn Val Glu Val His Thr Ala Gin Thr Gln Thr HIS Arg 165170175 Glu Asp Tyr Asn Set Thr Leu
Arg Val Val Set Ala Leu Pro lle Gin 180165196" %

<110> F. Hoffmann-La Roche AG
<120> Immunoglobulin Glycosylation Fattern Analysis
<130> 25905 WO

<150> EP09001757.5
<151> 2009-02-0%

<160> 5

<170> PatentIn version 3.5

<210> 1

<z2il> 339

<212> PRT

<213> Streptococcus pyocgenes

<400> 1

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

Thr Leu Fhe Val Leu Ser Val Asp Arg Gly Val Ile Ala Asp Ser Phe
20 25 30

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

Thr Ser Val Trp Thr Lys Gly Val Thr Pro Pro Ala Asn Phe Thr Gln
50 55 60

Gly Glu Asp Val Phe His Ala Pro Tyr Val Bla Asn Gln Gly Trp Tyr
©5 70 75 80

Asp Ile Thr Lys Thr Phe Asn Gly Lys Asp Asp Leu Leu Cys Gly Ala
85 90 95

Bla 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 Gln Met Phe Asp Val Lys Glu Ala Ile Asp Thr Lys



- 4 - His Gin Asp Trp Met Ser Gly Lys Gin Phe Lys Cys Lys Val Asn Asn 195200205 Lys Asp Leu Pro
Ala Pro lle Glu Arg Thr lle Her Lys Pro Lys Gly 210215220 <210> 3 <211> 223 <212> PRT <213>
Mus musculus <400> 3 Thr Thr Thr Ala Pro Set Val Tyr Pro Leu Val Pro Gly Cys Ser Asp 151015 Thr
Set Gly Ser Her Val Thr Lou Gly Cys Len Val Lys Gly Tyr Phe 202530 Pro Gin Pro Val Thr Val Lys Trp
Asn Tyr Gly Ala Len Her Set Gly 354045 Val Arg Thr Val Set Her Val Leu Gin Ser Gly Phe Tyr Her Leu
Her 505560 Set Leu Val Thr Val Pro Ser Her Thr Trp Pro Ser Gin Thr Val lle 65707580 Cys Asn Val
Ala His Pro Ala,Set Lys Thr Glu Leplle Lys Arg lle 145

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 His Leu Gly Val Phe Pro Asp His Val
165 170 175

Ile Asp Met Phe Ile Asn Gly Tyr Arg Leu Ser Leu Thr Asn His Gly
18C 185 190

Pro Thr Pro Val Lys Glu Gly Ser Lys Asp Pro Arg Gly Gly Ile Phe
195 200 205

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 Thr Tyr Ala
245 250 253

Asn Val Arg Ile Asn Hls Val Ile Asn Leu Trp Gly Ala Asp Phe Asp
260 265 270

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

Rla Ser Ile Gly Met Lys Lys Tyr Phe Val Gly Val Asn Ser Ala Gly
280 295 300

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



859095 Gin Pro Arg lle Pro Lys Pro Ser Thr Pro Pro Gly Set Her Cys Pro 100105110 Pro Gly Asn lle
Len Gly Gly Pro Set Val Phe lle Phe Pro Pro Lys 115120125 Pro Lys Asp Ala Len Met lle Her Leo Thr
Pro Lys Val Thr Cys Val 130135140 Val Val Asp Val Her Glu Asp Asp Pro Asp Val His Val Her Trp
Phe 145150155160 -5 - Val Asp Asn Lys Glu Val His Thr Ala Trp Thr Gin Pro Arg Glu Ala 165170175
Gin Tyr Asn Sex Thr Phe Arg Val Val Set Ala LeusRro lle Gin His 180185190 Gin Asp Trp Met Arg Gly
Lys Glu Phe Lys Cys Lys Val Aso Asn Lys 195200205 Ala Leu Pro Ala Pro lle Giu Arg Thr lle Ser Lys
Pro Lys Gly, 2350215220 <210> 4

<211> 224
<212> PRT
<213> Mus musculus

<400> 2
Ala Lys Thr Thr Ala Pro Ser Val Tyr Pro Leu Als Pro Val Cys Gly

1 5 10 15

Asp Thr Thr Gly Ser Ser Val Thr Leu Gly Cys Leu Val Lys Giy Tyr
20 25 30

Phe Pro Glu Pro Val Thr Leu Thr Trp Asn Ser Gly Ser Leu Ser Ser
35 4G 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Asp Leu Tyr Thr Leu
50 55 60

Ser Ser Ser Val Thr Val Thr Ser Ser Thr Trp Pro Ser Gln Ser Ile
65 70 75 80

Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Lys
85 90 85

Ile Glu Pro Arg Gly Pro Thr Ile Lys Pro Cys Pro Pro Cys Lys Cys
100 105 110

Pro Ala Pro Asn Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro
115 120 125

Lys Tle Lys Bsp Val Leu Met Ile Ser Leu Ser Pro Ile Val Thr Cys
130 135 140

val Val Val Asp Val Ser Glu Asp Asp Pro Bsp Val Gln Iie Ser Trp
145 150 155 160

Phe Val Asn Asn Val Glu Val His Thr Ala Gln Thr Gin Thr His Arg
165 170 175

Glu Asp Tyr Asn Ser Thr Leu Arg Val Val Ser Ala Leu Pro Ile Gln
180 185 150



<211> 330 <212> PRT <213> Homo sapiens <400> 4 Ala Her Thr Lys Gly Pro Set Val Phe Pro Leu
Ala Pro Set Her Lys 151015 Set Thr Ser Gly Gly Thr Ala Ala Lou Gly Cys Leu Val Lys Asp Tyr 202530
Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Set 354045 Gly Val His Thr Phe Pro Ala
Val Leo Gin Ser Ser Gly Leo Tyr Set 505560 Leo Ser Set Val Val Thr Val Pro Ser Set Set Leu Gly Thr
Gin Thr 65707580 Tyr lle Cys Asn Val Asn His Ly$-Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105110 Pro Ala Pro Glu Leo Leo Gly

Gly Pro Seﬁﬁéatﬁhﬁsé-a@ﬂam EE@ E.’(Q i§l553;21@:b25 Ly5 €ys Lys Val Asn Asn
195 200 205

Lys Asp Leu Pro Ala Pro Ile Glu Arg Thx Ile Ser Lys Pro Lys Gly
210 215 220

<210> 3

<211> 223

<2l2> PRT

<213> Mus musculus

<400> 3
Thr Thr Thr Ala Pro Ser Val Tyr Pro Leu Val Prc Gly Cys Ser Asp

1 5 10 i5

Thr Ser Gly Ser Ser Val Thr Leu Gly Cys Leu Val Lys Gly Tyr Phe
20 25 30

Pro Giu Pro Val Thr Val Lys Trp Asn Tyr Gly Ala Leu Ser Ser Gly
35 40 45

Val Arg Tﬁr Val Ser Ser Val Leu Gln Ser Gly Phe Tyr Ser Leu Ser
50 85 60

Ser Leu Val Thr Val Pre Ser Ser Thr Trp Pro Ser Gln Thr Val Ile
65 70 75 80

Cys Bsn Val Ala His Pro Ala Ser Lys Thr Giu Leu Ile Lys Arg Ile
85 80 95

Giu Pro Arg Ile Pro Lys Pro Ser Thr Pro Pro Gly Ser Ser Cys Pro
100 105 110

Pre Gly Asn Ile Leuw Gly Gly Proc Ser Val Phe Ile Phe Pro Pro Lys
115 120 125

Pro Lys Asp Ala Leu Met Ile Ser Leu Thr Pro Lys Val Thr Cys Val
130 135 140

val Val Asp Val Ser Glu Asp Asp Pro Bsp Val His Val Ser Trp Fhe
145 150 155 160



Lys Pro Lys Asp Thr Len Met lle Ser Arg Thr Pro Gin Val Thr Cys 130135140 Val Val Val Asp Val Ser
His Glu Asp Pro Gin Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu 165170175 Gin Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Len Thr Val Len
180185190 His Gin Asp Trp Leu Asn Gly Lys Gin Tyr Lys Cys Lys Val Ser Asn 195200205 Lys Ala
Len Pro Ala Pro lle Gin Lys Thr lle Ear Lys Ala Ly$ Gly 210215220 Gin Pro Arg Gin Pro Gin Val Tyr
Thr Len Pro Pro Ser Arg Asp Gin 225230235240 Leu Thr Lys Asn Gin Val Ser Len Thr Cys Len Val
Lys Gly Phe.I V245250256 PraSerAsp ke Alay ahGin g GingSanAss Gly Gin Pro Gin Asn
260265270 Asn Tyr Lys ThrsThr Pro Pro Val LéAsp Ear Asp Gly'Ear Phe Phe 275280285

Gin Tyr

Gln Asp

Ala Leu
210

<210>
<211>
<212>
<213>

<400>

4

Asn

Trp
i8s

Pro

330
PRT
Homo

4

Ala Ser Thr

1

Ser Thx

Phe Pro

GlLy Val

50

Lau Ser

65

Tyr Ile

Lys Val

Pro Ala

Ser

Glu

35

His

Ser

Cys

Glu

Pro
115

Ser Thr
180

Met Arg

Ala Pro

sapiens

Lys Gly

Gly Gly
20

Pro Val

Thr Phe

Val Val

Asn Val
25

Pro Lys
160

Glu Leu

Phe

Gly

Ile

Pro

Thr

Thr

Pro

Thr

70

Asn

Ser

Leu

Arg Val

Lys Glu
200

Glu Arg
215

Ser Val

Ala Ala

Val Ser

40

Ala Val

55

Val Pro

His Lys

Cys Asp

Gly Gly
120

Val
185

Phe

Thr

Phe

Leu

25

Trp

Leu

Ser

Pro

Lys

105

Pro

Ser Ala Leu Pro Ile Gin His

Lys

Ile

Pro

10

Gly

Lsn

Gin

Ser

Ser

a0

Thr

Ser

Cys

Ser

Leu

Cys

Ser

Ser

Ser

15

Asn

His

Val

Lys

Lys
220

Rla

Leu

Gly

Ser

60

Leu

Thr

Thr

Phe

Val
205

Pro

Pro

Val

Gly

Gly

Lys

Cys

Leu
125

190

Asn

Lys

Ser

Lys

30

Leu

Leu

Thr

Val

Pro

110

Phe

Asn

Gly

Ser

15

asp

Thr

Tyr

Gln

Asp

Q5

Pro

Pro

Lys

Lys

Tyr

Ser

sSer

Thr

80

Lys

Cys

Pro



Len Tyr Ser Lys Len Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Ass 290295300 Val Phe Ser Cys Ser
Val Met His Gin Ala Len His Ass His Tyr Thr 305310315320 Gin Lys Ser Len Ser Leu Ser Pro Gly Lys
325330 <210> 5 <211> 327 <212> PRT - 7 - <213> Homo sapiens <400> 5 Ala Ser Thr Lys Gly Pro
Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 Set Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu
Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr &eol Set Trp Am n Ser Gly Ala Leu Thr Set 354045
Gly Val His Thr Phe Pro Ala Val Leu Gin Set Ser Gly Leu Tyr Set 505560

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

val Val Val Bsp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

Lys Bla Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
230 215 220

Gln Pro Arg $lu Pro Gin Vel Tyr Thr Leu Pro Pro Ser Axg Asp Glu
225 230 235 240

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn
2460 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe FPhe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
250 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

<230> 5
<211l> 327
<212> PRT



Leu Ser Set Val Val Thr Val Pro Ser Set Set Leu Gly Thr Lys Thr 65707580 Tyr Thr Cys Asn Vol Asp
His Lys Pro Set Asn Thr Lys Vol Asp Lys 859095 Arg Vol Glu Ser Lys Tyr Gly Pro Pro Cys Pro Set
Cys Pro Ala Pro 100105110 Glu Phe Leu Gly Gly Pro Set Val Phe Leu Phe Pro Pro Lys Pro Lys
115120125 Asp Thr Leu Met lle Set Arg Thr Pro Glu Val Thr Cys Val Vol Vol 130135140 Asp Val Ser
Gin Glu Asp Pro Glu Vol Gin Phe Asn Trp Tyr Vel’Asp 145150155160 Gly Vol Glu Vol His Asn Ala Lys
Thr Lys Pro Arg Glu Glu GIn Phe 165170175 Asn Set Thr Tyr Arg Vol Val Her Vol Leu Thr Vol Leu His
Gin Asp 182485198 rpabewAsn Gly Lys Glu Tyr Lys Cys Lys Val Set Asn Lys Gly Lou 195200205 -8

<400> 5
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Giu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 38

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
as 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyxr Ser
50 35 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 30 95

arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100 105 110

Giu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Ser Gln Giu BAsp Pro Gilu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Rla Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 180

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205



Pro Set Set lle Glu Lys Thr lle Set Lys Ala Lys Gly Gin Pro Arg 210215220 Giu Pro Gin Val Tyr Thr
Leu Pro Pro Set Gin Glu Glu Met Thr Lys 225230235240 Asn Gin Val Set Leu Thr Cys Leu Val Lys
Gly Phe Tyr Pro Set Asp 245250255 lle Ala Val flu Trp Glu Set Asn Gly Gin Pro Glu Asn Asn Tyr Lys
260265270 Thr Thr Pro Pro Val Leu Asp Set Asp Gly Set Phe She Leu Tyr Ser. 275280285 Arg Leu
Thr Val Asp Lys Set Arg Trp Gin Glu Gly Asn Val Phe Set 290295300 Cys Set Val Met His Glu Ala Leu
His Asn His Tyr Thr Gin Lys Set 305310315320 Leu Set Leu Set Leu Gly Lys 325

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr'Lys
225 230 235 240

Asp Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Sex
308 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325



