| munogl obul i n glycosylation pattern analysis The current invention is
directed to a nethod for the determ nation of the glycosylation pattern of
an i munoyPabuaspi2kc- f ragnent. Al so is presented a net h®@GTEPRO10/60710
determ nation of the glycosylation pattern of a Fab-glycosyl ated
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fragnment. Background of the Invention The pharmaceutical industry has been
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are the nonoclonal antibodies trastuzumab (commercial name: Herceptin),

dacl i zumab Bakereutd of thedaeenti@napax) and rituxi mab (conmmercial name:
MabThera) manufactured by Roche which have been used successfully for the
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(1 munogl oplydlordé gntiblodies, eheay are Syretedoby tilgiune cells (cell clones) which are
derived from a single antibody-forming 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. Examples 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 deamidation 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
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or sib-38, is a cysteine protease that specifically cleaves the heavy chain
of anti bosDeswiosptze i munogl obulin G type (1gQ. 1gG i sPhirtEreoooi7ne only
known substrate of 1deS (Vincents, B., et al., Biochem 43 (2004)

15540- 15549). 1deS consists of 339 am np-acids including a signal peptide
conprising 29 am no acids (von Pawel - Ranm ngen, U., et al., EMBOJ . 2 1
(2002) 1607-1615). |deS cleaves human |1 gG subclasses 1g@, 1g& and I g+
bet ween t heofitherimmumiogiob2B6 Gitgpe23ZGY. GizG- i hjthemitlhomly knowmt sibsigate joff t he

recogni ti O“Id%sggﬁr?&eﬁts( BL)GPEP: piduBA. 49 B0d4s 15587 Sehdyelies eBnlilie of 700 aci ds

al ani ne and h t’he récognition rine anti bodi es of
the 1 g&Ra, amERbacidd incieing ppsigeal peptifde §eMpEBBEL29 g‘@“{%&‘(@@}(’fh?ewﬁlrso
\3\|e ﬁ?\éed (Segﬁglgﬂn e, :?Pe&tag 5 E@g}goej SglAzrl)gﬁl %%1513151@@@%)1%15&&&1 t ; -
Ko, P et a

(Hess,> J. K. subsfasggs, Ing IgGid apd gt betpisen theygmy %4“2@%@ (S (f'f)a nmass
ts Eect r 38 c ?pu%td%iﬁtrh eé%htﬁmd dethe rreadghngmtslaquama YDBIGGP gldtmum 1aGDfs dielw&dwi t h

e aid o - mass s. r onet r tide Vesy g at ed
froms. pyofEMEEn Ahg AU A F(féné’ﬁlesf“é Fyﬁéepreﬁg%m%] §n(|3ts repg% ed in
the US 2007M@é7adibodiesesthtie Tadi2af dgGBhganEchﬁ3 Bale fy aphlens sabdfit 3gi bodi es
i's reported 5 e from ococci
& report e RONES) 66 e %za?%rﬁre : ?%@%ffff"%n o A o, 0 (6
pol ypdbt i de15$‘§) B 40ripeniank. Eres: eAP%‘% iS¢1. LG ﬂrﬁhmoéb&ﬁ%?lnhmﬁgf pr oduced
t herapeutic pol ypeptides. dycosyl ated pol ypepti des, also terned

gl VCOEr ot ei Pess %mil (@eSs, n&oyemsenmlabbfw gﬂethoms (zomwuxaayp)tnepomgmssns

e.g. humans, and sone prokar udi ng cat n

el - col | comrARRRtG BRO B R B i SeIaRE AN Gattune® 0B e o of

nmol ecul ar lrSEQQliﬂt@lbrmmd smaomeayr ox. polymptidekehich the iselpedi frpmofS.

non- cyt osol i ¢ e o' ar gani

Bi ochem 21§y %38% J'I{ETSZHf? %# (’i‘éq xaflgén?%?aqgh%in\?tyof ofe%tggg%cc%arr des to
a proltsein |§Sa2Q96l02éﬁ68490‘§tm¢thﬂ@Ifalt farming Wsder Fetatfiagmentsdof enfibodiassisnot
geneti cal | yreﬁﬂﬂ%ﬁ gh! gd- Ein'leﬁlg'&ﬁym r!@éS Spr@feaﬂil IS AR GIRIA %%{)‘0@0@:1 nyl tistep

process invo severa h conpete with each other for the
substrate. peste UEWQQOO(Q’H/]C%%I at ed poI ypeptides conprise a

m crohet erogeneous array of oligosaccharides, giving rise to a set of
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many recombinantly produced therapeutic polypeptides. Glycosylated
20 polypeptides, also termed glycoproteins, mediate many essential functions in
eukaryotic organiems, e.g. humans, and some prokaryotes, including catalysis,
signaling, cell-cell communication, activities of the immune system, as well as
molecular recognition and association. They make up the majority of non-cytosolic
proteins in eukaryotic organisms (Lis, H., et al., Eur. J. Biochem. 218 (1993) 1-27).
25 The formation/attachment of oligosaccharides to a protein is a co- and
posttranslational 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
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o1 gosaccharT el A e NS Sene: ty of a monocl onal anti body
20 High performance anion exchange chromatography with pulsed amperometric
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
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308 (1994) 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.
J., 314 (1996) 621-630; see e.g. also Endo, T., et al., Mol. Immunol. 32 (1995) 931-
20 940).

Due to inhomogeneous, 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, J., 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 (1995) 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.,
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20 mmary of the Invention

One aspect of the current invention is a method for the determination of the

glycosylation pattern or the site-specific glycosylation pattern of a human

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

(hulgG4) or of a murine immunoglobulin of the subclass 1gG2a (mulgG2a) or
25 IgG2b (mulgG2b) or IgG3 (mulgG3) comprising the following steps:

a)  digesting the immunoglobulin with the enzyme IdeS,
b) separating the fragments of the immunoglobulin obtained in a) by
reversed phase high performance liquid chromatography,
c)  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 c).



gl ycosyl ation pattern or the site-specific glycosylation pattern of a human
i mmunogl obulin of the subclass Ig@ (hulgd) or 1g& (hulg&) or 1g4

(hul g&4) wo 20fo/@orear i ne i nmmunogl obul i n of the subcl ass PgER2quWIBRa) or
lg&b (rmul g&b) or 1g& (mul gG3) conprising the follow ng steps: a)

di gesting the i mmunoglobulin with the egzyne |deS, b) separating the
fragments of the i mmunoglobulin obtained in a) by reversed phase high
performance |iquid chromatography, c) subjecting the separated fragnents of
t he i munoglmbnd ¢émbabitnehnamnpriseb thet methodmssrdipg ¢ tienmpventionaha fgliiveingand d)
deterniningségggﬁhﬁqgsylation pattern of the inmunogl obulin fromthe nmass
spectronetric data obtained in c).In one enbodi nent conprises the nethod

according to the invention the foll ow ng steps bi and c): h) desalting the
fragments of thb) i nfiesabipgothel fragments of; e impyneglabylip Yo Aetieyy CapIHSoN ¢)
directly applying tBgoffagsird fragnents to mass spectronetric analysis. In

a further enbodi pent,. co ﬁ%rfxgg', the nﬁt B%? accordi nag to the %nv&a{gﬁi on a step
a): a) cl eavi ng®t heditsilYfoghens theflesaiied TFasHisnis P DA SR TOMSIICA G t i on
with the enzyne 1deS and treating the i munogl obulin fragnents with

car boxypepti dase B. I n another enbodi nent conprises the nethod according to

the i nventi t . . : : LGyt d Sy ab)
treating th afyRey ByBPdintiel SimBh 8 (RmeRd sELRie ) Bp Meiithiiin, =2
reduci ng agent. Detailed Description of the Invention The current invention
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spectronetric analysis. It has been found that the use of IdeS provides for
a highly reproduci bl e cl eavage even under non-reducing conditions.

Fur t her mor e Qfotﬁ&%ﬁﬂoﬂﬂngﬁt c-gﬁén{sgg fhfe irxlr@ﬁé)d according to the invention a step ab)

after step a) and before step b) which is:

ab) treating the digested immunoglobulin of step a) with formic acid and a

15 reducing agent.

Detailed Description of the Invention

The current invention is directed to a method for the determination of the
glycosylation pattern of a human immunoglobulin of the subclass IgG1 (hulgG1)
or IgG2 (hulgG2) or IgG4 (hulgG4) or of a murine immunoglobulin of the subclass
20 IgG2a (mulgG2a) or IgG2b (mulgG2b) or IgG3 (mulgG3) by using the enzyme

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. Furthermore the addition of TFA (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.
Furthermore 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 immunoglobulin heavy chain and provides for a lower mass
30 resolution for large proteins. The ESI-MS analysis of papain digested

immunoglobulins is limited due to the low specificity of the enzyme and the



acetic acid) can be omtted for mass spectronetric analysis, i.e. the nmass
spectronetric analysis is perforned in the absence of trifiuoro acetic

aci d. Furwbeprmsei2bhe use of IdeS is not limted, e.g. PCTERRIMOIUTIEd tO
di gest an inmunogl obulin in solution. The ESI-MS technique is generally
performed at the level of intact imunegl-obulin or imunoglobulin heavy
chain and provides for a | ower nmass resolution for large proteins. The

ESI - M5 anal ysis of papain digested i munoglobulins is limted due to the
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avoi ded. Additionally it is not possible to distinguish the glycosylation
pattern of iGemeratigladbehromstogtapbasmietiiodsl ré:quirtemlbﬁtancfer abeheny, tixs coveludtioas in

t he Fab-f d
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enzymat i cal Ithe slycesy twetpaétam 9f ummp@@pbmlmésglxmmm Wgthpéifsffllmwt% am no

acids are alyf 4s6h ' 8-frsprAéht Peptides”. A "protein” is a macronolecule
whi ch contains two or nore polypeptides or it is a polypeptide mhich S

conposed of t ha no acids., A i d 0 con

non- pi‘bt i di & Bﬁﬂﬁﬁ’é‘a?slss“hﬁ YHEr gonsisting, cﬁW\ég&E arﬁ Hﬁ‘ﬁgﬁ%
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application d e a nolecul e which contains at |east two_ | ght polypeptide
chai n& (1 i gAsOCRBaH NANCPeriidie EUBPHIAPSUER Y & ptaraRNYRRIPhd NEMERRFPEREI n,
HC) . Each ofmddir@calubﬁbtar@nﬁtr&@aacy b@zh&ienSelp WHIEH %Qﬁre@se‘s’&hb Poll gpeptige and
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their amino a01d sequence. Modifications such as carbohydrates are not explicitly

described but may always be present.

20 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 turn comprises the domains Cyl, hinge,

30 Cu2, Cy3 and optionally Cy4. 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



Each of the heavy and light chains conprises a constant region (normally
the carboxy term nus of the chain) which nediates the binding of the

ant i body WO 2diofasgr2éent receptors. A light chain is normalPCYy/EPemoO8Ed of a
vari abl e domain VL and a constant domain CL. A heavy chain is normally
conposed of a variable domain VH and a-8enstant region which in turn
conprises the domains CH , hinge, CH2, CH3 and optionally CH4 . Anti bodies
may occur in nunerous forms e.g. as Fv, Fab, and F(ab)2 as well as single
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| t ha been Cﬂlﬁﬁhﬁpfpmlsﬂﬁé\’l?lﬁﬁ‘ﬂh‘bﬁlo&ﬁﬂ sl B n't’j.} aé-r{f?% JP@R&%"]"@Y &ysteine
protease cl ggyd Nac.| 6% YurRhl y specific at the GP(S) motif can be used in
conbi nation with LG MS (l'iquid chromatography conbined with nmass

iﬁg?;g?gﬁ ;ﬁ{lf ob de anl eg 4 h}g algr(f(;glcl)bcuhgll Cg?g 1Lgteln(z))rf]m8q §,ra cysteine

protease cleavmg IgGs highly specific at the GP(S) motif can be used in
combination with LC-MS (liquid chromatography combined with mass
20 spectrometry) for detailed site-specific glycosylation pattern characterization of

immunoglobulins.

It has been found that in a two hour digest procedure IdeS cleaves antibodies
resulting in two HC-Fc-fragment, also termed HC-Fc-fragment (comprising the
C-terminal parts of the immunoglobulin heavy chains) and the Fab,-fragment, also
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 Fc-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,



It has been found that in a two hour digest procedure |IdeS cl eaves

anti bodies resulting in two HC Fc-fragnent, also terned HC Fc-fragnent
(conpri siwg 20tv@8@26er m nal parts of the i mmunogl obul i n ReaBP2EADITE) and

t he Fab2-fragnment, also termed Fab2-fragnment (conprising the N-term nal
parts of the immunogl obulin heavy chai ng-and the i munogl obulin Iight
chains). This nethod is especially suitable for the analysis of the
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afterwards subjected to the LC-MS anal ysis as described below and in the

exanpl es. 16X ®heen found that in contrast to the glycosylation pattern
analysis at the level of intact imunoglobulin heavy chain or even intact
i munogl obulltihasblen fomht dloht msontrast 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 highly 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 Fc-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 Fc-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



t he advantage of hi gher mass accuracy, resolution and sensitivity. Conpared
to other enzynes |ike papain or limted LysC digestion |IdeS shows the
advant agewof201v8P12g a uni que cl eavage site and, theref oPET/EFRINHOITIGHI y
specific and cleaving the different subclasses with simlar efficiency. No
ri sk of excessive cleavage exists and n cysteine is required for
activation of the enzynme. For analysis of degradation products the |IdeS
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easy and fast way to determnm ne whether degradations such as oxidation,
deani dat i onSpecifie glearageafiipmmuneglobwinsnt / occurred in the Fc-fragnent or in
t he Fab-fragnment of an immunogl obulin. Certain degradation reactions, such

?ﬁ e. ]9 OXibMﬂoQIbn?i Qﬂ%ldnt@gﬂ)bﬁlii;[ltg hire Stdrf/t large ][ﬂii@tefn@t @ﬂ%,i ﬁﬁrtHehﬂl ' t B re’glnﬂegan
erefore be used for fast nopitori of . samml es from fornul ati gn.an
stabildty sFﬁﬁ?’E&th‘iﬁ%q’i‘ﬁo I%‘BEO&’F%?%?H‘C&@?@B? i%%h“,e &X?WP@T%?I %tgthgﬁ aspect
of the curr aaivy chaiist Inanrder to eramirerthe diycesyationepattetnhafdsinasoglobutigs fa t he

. O o ’ . , , e -
wth i oot gl B sBBabitth GoBOUS AR 6 ARIKALYR Rls SHARBHE AN

Speci fic cl ekaeghenyinforsmallsyifiopuents befase thel dyeostripetuieramglystsul i ns are very
| arge proteins and, furthernore, are extrenely heterogeneous

(m crohet er gggRiagt b¥ distHRIe Brid gl ycostructures of their heavy chains. In
order to exam ne the glycosylation pattern of inmunoglobulins for the

formagjon of gradati.qgn products. and/ or for difications it .is edi ent

to ol thve ¢ ATRHALR BraErE i e Rt o mGRNE RS e e el By o

Cl eavage of retiustidn.i Tiee Ifee dgpesy Ahd 1iihs wWhhindeofbar dgemnoglobulin arg bbtasred

i munogl obul e . CaR e, ( 3 >t | @ f : and

| Tght chai ndulpE s telletichd Toip GafRKGHn DY Phaihlc AERPIE o Bl At

Tris- (2- car Bwtyist hiten) -yshdshivanse @itCEPpplfids hridgesuef mp dgennoglehnlin sarsf t en

used beca!JS%oﬁbietéi%%}éhfzécﬂ@jd?ﬁl‘ AaR% HériRNard WY RRRCABY bEtra ethe QRakep ]! Y

cleaved within a short perlogaﬂ%&_gat e _reductjion occurs |§ tglei entire pH

rangelY see &ange (g e8Iy, Jdn U, €Y, AnghaBiochsmctddh1994h°19hdn)ons_ 10) .

I n one enbodinbeaimdn ehe i Faipgas bfrom FH QrB hpHL85. DithjaithrBitdl (I T)his atsbr ei t ol

(BTT) i's al SRaracterized 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 disulfide groups more accessible. The
denaturation in one embodiment can for example be carried out with the aid of

guanidine/HCI or formic acid.
Enzymatic 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 proteolysis
(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-
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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 immunoglobulin of the subclass
IgG1 or IgG2 or IgG4 or of a murine immunoglobulin of the subclass 1gG2a or
IgG2b or IgG3 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,

c) subjecting the separated fragments of the immunoglobulin obtained in

step b) to a mass spectrometric analysis, and



cl eavage of the immnoglobulin are reduced with DIT or TCEP after the
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l'iquid chrorgteglnBylation pattden € hn gmuheglsieyar. at ed fragments of the
| mmunogl obulin obtained in step b) to a mass spectrorretri c anal ysi s, andd)

det er m ni ng C
spectromnetr |Tt(}:’edt(g’i;’fl-l y qié/(;sgfad% n‘pt1 ?l{e}r?’r & QISF‘Q hﬁtﬁlﬁ‘@é&ﬁ%@@ jof h%{n%vfast ﬂ]%t stﬁse
of the specioligesctharidesat w@obmﬂm alreopétschq@p @86 OpMoEe gpeceﬁqdu amipa geid

proteol ysis Y, | K S
be obt ai ned rgv\%rﬁdghlhaaﬁlg II\gllglrlIl;begq)\/\ﬁdli]l,nsU| Ft@??eoglyt@%fg?elﬁerbgéﬂémgif@w(éﬂ as ean
gl ycoly| at i seroptinastly ryp ‘éﬁ‘?d ITRHTSE Og?b‘UP iCAMPHAES RQLGRY §| %f g‘PF E\]
pattern” as odgeHnkéd &ﬁ@sh&lﬂh&n@@@ﬂ i epddificil siaimotasd tdsaluel byois acmbauiedes as a

whol e whi ch h

munog! obuPPR PRI ot g U Shiiign RE Rerishln BN Shuffife dRas 11 an
r econbi nant Icympomduwhgosanutwnxdgd; abthei specifing ainsas amdtpoemloy Fhy, g abovgef i ned
Nor Ol inkeg, rﬁlya&%%&gcgaﬁeféGﬁ RbosAoRAALS d5hre TAthe b né 85 liespdatited s 2

m xt ure of pept i Ving t e sane am no. aci d sequence but
conpr I3i ng @mllfl@rf@ﬁi |npsitionp Of et T6FTpRIBARBH predicsd atmmyerogloiding j k& 8§ no

aci d positi @Rierddisity bhthead¥@A¥Red oligosaccharide. The term “oligosaccharide” 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 Fc-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 immunoglobulin 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 Fc-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 Fc-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



termdenotes a group of oligosaccharides that are attached to one or nore
specified amno acid position of a recombinantly produced i munogl obulin,
i.e. the Weterwgeneity of the attached oligosaccharide. PCHEPR@OWD0710

"ol i gosaccharide"” as used within this application denotes a polyneric
saccharide conprising two or nore covalBly |inked nonosaccharide units.
In the nmethod according to the invention the i munogl obulin fromwhich the
gl ycosyl ation pattern has to be determned is in a first step enzymatically
di gested / MIanatysisistperfohmmeddirgatly dfite rei RP-HPLGE drding), agntbatelugntiobthe
Fab2-fragne t. gl ycosylation site in the
Fab2- fragme#ip ]ﬁggctlggggét%qgge{%&tﬁg%ﬂa relgsc&* gjnmégﬁ‘t' t he i nmunogl obul i n

di sul fide bonds with a reducing agent is perforned in_one enbhodi nent. of the

met hod accofnithepfflinemethpd jleaF¢ GH’CONI{‘@H PAeT: AStETRNAion: PIBRERNS %M t he
gpt i onal t r e@éﬂféf é)%&rl}ls%%rﬁghrﬁhﬁt@ﬁépﬂw @@%alﬁ?gtgaeglaﬁl?&ﬁrewlmﬁm of ¢hé @edﬂplt et L he
i ssocj ation o e two n Fc ment s me e
aci di f cat i Hﬁol@el‘ﬁaﬁshépeé’gﬁg‘%?fe?hgs mﬂ%" Gé??%ﬂyofas h%apgﬁlﬁut%gﬁ%ul in
di sul fide bﬁﬁdﬁghpﬁh@ndbbdﬂeﬁfsdﬁ‘brraghimmgx aeseludiepanaturacybynd eensiteitpdse HPLC
RP- HPLC r th n i r |l e
Cont i ning P dell MORELIR Botiol g R oPImARbbBloBubit? 1587
Fab2- or Fajglycosdatedti B¢-fapmentanpeargliothel rnasmspe@m} ét:*lhé@/? @mer@éQO
spect ronet r g -6} se@%yﬁgﬁrg 4 \t’vﬂerregket}fee}séﬂzlﬁgﬁ{eni BspdiR anato/ &k Yolibie

| ation patter i’”mmunogl obul1n i S deter nfd hi %ne enbodi nent

glyc
OhoC VB gl it i thsoenzs frae | SPOFoCDOR ARt & iaGeq. The e FEERETRR.
(of fline). bptaNiithetogsBudigi dinherchrdbe3opdrited Dyl masespbarometrydivhéntt isy af t er

the RP-HPLC (opline),. I...e, the .eluent .of the RP-HPLC is directly introduced
into the Nsaé&ﬁjf’ﬁﬁﬁ%tf?cqlﬁtetsﬁé‘%dflm %lt Bt hod the Fc gl ycosyl ation pattern
determ nation conprises a SEC (size exclusion chronatography) desalting
step and di Teos, dnefaspéatiof dtie clkrecmsétmheot@lmmmelﬁwdn@sihes enmioatiareef thehi s
method 1S exlyc8iRidor Bittorn GRRARUAA OF HiliZeR ihiMBulobaAl dPaREklbdad! O the

hi gh resol uti“on,” accuracy an en5|t|V|ty 0 % ccharj de analy5|s at
the | Evel ofgGiCorde®? areRtt &fofi armuiingl isinpnaglobuitp ot he sulasiass lgG2acer

Fc- f ragnent 1aomeef BG3brid\RirfdR6thefB e 6othpiiRih ) tHe!Toll oW hgrstspge of 800 to 2000
(see e.g. Figure 2) whereas the Fab2-fragnment appears ue to its double
wei ght in the rapge from 1900 to gur e hetwo
fragments of thé{| TSy I"inﬁlu(‘}gﬁlogHIé? é¥ ng%m}th g’étB a?‘bzéﬂ?) d

spectrometry whbgh idssalting the enzymatically cleaved fragments of the 1mmunoglobulm

obtained by the enzymatic digestion by a size exclusion
20 ‘ chromatography,
c) 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, i.e. to obtain a more homogeneous

sample without influencing the glycosylation pattern.



an effect that facilitates data interpretation. Thus, one aspect of the
current invention is a nethod for the determ nation of the glycosylation
patt er n gvoaotwnsarz6or humani zed i mmunogl obul i n of the sROTIER2G10/000EH10 or | g&2
or 1g&4 or of a nmurine imunoglobulin of the subclass Ig&a or g&b or
| gG3 or a variant thereof conprising thetfollow ng steps: a) digesting the
i munogl obulin by treatnment with the enzyne | deS, b) desalting the
enzymatically cleaved fragnments of the inmmunogl obulin obtained by the
enzymati ¢ dilegenmv{Fiabs-feagnment’ exubadswishincthisoappligatiempdsnotes) the dbjterotinalg t he
separated f : . l; i { W Ss
spectronetr ?@%ﬁg@%yhé@gb g%’?éggﬂﬁ%go?%ghgrﬁggggg?tgﬁa_gggepg?tthgtrh%aof t he
i munogl obuenzyme KleSt fbe peres“HE der fragraenty @s aéﬁdawagma#lﬁe@pilﬁatwnesqs In one
ferr})fdl ment EﬁkecrfeﬁHggsp@ggmﬁ% F\Wﬂn{tﬁoéﬂéﬁuﬁxﬁ‘%ﬁ@ﬁy‘ élﬁiﬁ-‘s?t'ﬁﬁtr ?@Qﬁ)%ﬁﬁﬁ;d?%ﬁ?ﬁa) the
ol low ng step: a estin e i muno i.n reatnent wi e
enzyne | deSe%%ﬂ“%}Ct ﬁlleg eewgyn@ec%gclﬁgt Pﬁ’a\%f%melnﬁ CRIPESE ¥R Mint t he
i mmunogl obukbvalémlyc hssaviartd pyolypeptiday vire thel&Stdrmimal deagnient alftaich dfhithe HC
Fc-fragnent .and the Fap2-{r n nd Lo th t -t erm.nal
ysi necof  RE G I oE it AAAEas RES 0 Gnel g MFELEROIE & 4 Foiice | he
het er ogenei diffeséntt fremi fimuenayined papain dndepepsn aid at onky Avieglesre gdntbous
sample W  NauhBLIHANE LAY eo WERHLKALd BAeRBA i HinkRidbulin are
"Fab2-fragnent” as used wthin this applicatfon denotes the termnal part
of anl® mun&Bladdi in that is obtained by an enzymatic cleavage with the
enzyne |1deS. The term"HC Fc-fragnent"” as used within this application
denot es t helfCah&hei aabodimehsthel methed icomphiogy oBtebi 41) ter ytep h)iand Yelime ar e
obt ai ned bya%n gn§%gﬁtjc cl eavage with the enzyne IdeS. This fragment
conprises t PRIV ent |y associ ated pol ypeptides, i.e. the Cternminal
fragnment of each of the heavy chains. As the enzyne |deS cl eaves the
i munogl obul i n at) atrpatsig thenerdiyfrfaticait cleaved fihgments yofethe papaineglobdlipepsi n
and at only a singl i f g i : qel | defined

y 9! Bbialrel bihd E&gzyhmﬁee ) SQAVbF RePB With Rritihcide

fragments of an i nmmunogl obdlin ned.

15 In this embodiment the Fc-fragment obtained from the immunoglobulin by the

cleavage with the enzyme IdeS, which comprises polypeptides not covalently

bound 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 IdeS.

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.



I n anot her enbodi nent the nethod conprises a step al) after step a) and
before step b) which is: al) treating the enzymatically cleaved fragnents
of the i mvorrogloshizki n obt ai ned by the enzymatic di gesti enTaP2aiem7a) Wt h
formc acid. In this enbodi nent the Fc-fragnent obtained fromthe

i mrunogl obulin by the cleavage with thelsenzynme | deS, which conprises

pol ypepti des not covalently bound to each other, is separated in two
pFc-fragnments. Ther term "pFc-fragnment” as used within this application
denot es t heThé ngéthod-deceondingato phd ypeptionl eonipria¢n & fncobataom bfausangplobul i n

heavy chain {;ﬁhﬁl‘ﬁ ng® B X{x@rﬁljfn%{;ﬁ)'bﬁﬂ%{ a%ﬁg%ﬁ@h tﬁ@ r%%%?ﬁh&r?%%tteﬂn”hés”% 'B@r

enbodi nent accor invention IS:
treating thdetermippdvithaflifferent eagyuncy aadyagents Torese ﬁ@mpﬁ‘llﬁﬁﬁciglldo%ﬂ?msrﬁfébt ai ned

by the enzygaij ¢o digeeki aR mmﬁlhs oﬁﬁhﬁ\ﬂéohtefi@dml& mel chrApld htd Edbiffiedd
agent. In this enbodi nent Fab {1 g_lrrent %gtliaggg ter the enzymatic

cl eavage of feg@entinimens & P <R Of thé, FPocHicy GysiqRG pg‘gfﬁéf’at ed in
tV\rr/g gab f r agresrik $thI>deSe:dtuérﬁddoﬂfomfsmebe)csmwbgms o Tudponeiaa demiila. lln one
enbodi ment t orm g agi iti.on of the
reduci ng ag@gﬁnflqrnprﬁ ?ﬁ%%ﬂﬁ@ﬁ?gga#’a‘“ 8&’&’(8:%15“3 prgéea ﬁ%satg‘gféggg

sol ution. | amdhs&qualdeoﬂEQeHB NOe1f dhei enzymatic amhvag@ wiGERrhe dgGtspesifiar e bot h
added prior . i a
gl e st ep HighaBrdBae Bk, Bhce ﬁp%‘%‘)%fﬁ% e A Al %pBF‘?Ze?H?ﬁﬂy?r?@Sbat. on
of a Kanpl epHoﬁwﬁainmmger%hpdnrﬁﬁmﬁ gEeBBmatic deayagaus Brihe pH gngeekirom pdn
pattern has7igoohsH ded. af Wad etksoMoulid dhdtftRé e[mlaremwm&ha @. editié cystbiase

conmpounds and agents are us convert the .inmu C ned in
the sanple PHY %Eé‘? |t}FFeHmT‘P’é‘@31%l?+ﬁ’§‘ mP]r‘FC‘é]ﬁeSElBWGOIEﬁ Wgwg dnﬁ?%\@j Bhe

| gG speci f i an@hatenbidipettbeagen! ld2Sands1:10@ | deS obt ai ned from Streptococcus
pyogenes or Treponenma denticola. In a further preferred enbodi nent the

| 9G speci fi g %xgte%ﬂ?ﬁnﬁ&ﬁtcﬁa@ﬁ Ingtﬁgg Q%c&mfagotoaﬁfedm%sﬂwﬁl% R

The enzymatic cl eava t I"C cystelne protease takes place
in onk enbotkversed phasglwm mﬁg@nmpvﬂwﬁd phrgnagograghy 1eraths . sipg egglsion

embodi ment m%nﬁwgfm{gl@dﬁk@tgvﬁ%eamb&hetrhsss@ StARERe0f frompH 7.0 to pH
8.0. It was also found that the nolar ratio of the 1gG specific cysteine

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)  subjecting 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 pattem of a recombinantly produced human or humanized
immunoglobulin of the subclass IgGl or IgG2 or IgG4 or of a murine



protease to the i munogl obul i n nol ecul e shoul d be between 1:25 and 1: 2500,
i n anot her enbodi nent between 1:25 and 1:100. In one enbodi nent of the

nmet hod acwordiongot2e t he i nvention the eluate of the revecsar2@haseihi gh
performance |iquid chromatography or the size exclusion chromatography is
directly infused into the mass spectraonmgger. If in the method according to
the invention the glycosylation pattern of the Fabfragnment of an

i mrunogl obulin has to be determ ned the nethod conprises the foll ow ng
steps: a) dimgemhogigbilireof tssnbdhssigGRa obYgG2teat Igtilt comprtsigthe doliogwing| deS,
b) treating &hg enzymatical ly cl eaved i nmunogl obulin of step a) with formc
acid and a PeBUCing agent, c) separating the obtained fragnents of said

i mmunogl obul in by reversed phase high performance |iquid chromatography
and/ or desal ti ngglt herotiding asampledtkgresombingnthy produsedsimgpuragieliditogr aphy,

d) subjecting thg sgpat@iedeimafmBalobuli b%&eathimumgltwiziyﬂ]eqa&ai ned in
step c) to a nmass spectronetric analﬁm y.direct jnfusiaon int a.[rass
spect rometer, afll ele¥igtif Aagatca bl@%g‘}llmlﬂ’ﬁgwg&ﬁnﬁt@tlﬁewu
i mmunogl obul i n fr omfdrific BEid and peeduchipedgent; data obtained in step d).

Anot her aspect the cuyrrent invention i met hod for e j.nation
of the glycosyl gil oﬁepﬂé#'(n@rtﬁe 8#’& e %ﬁ%ﬁfﬁsaﬁﬁ “fil/é W&ﬁ%aéﬂhnngﬁtr‘%{ep%?ﬁmni zed
i mrunogl obul i n of t pkassuligh aesforg@hceotiqhigGhromatog@phyrandforadesalting the

mur i nei nmunogl obul i I g{(%%- I hr S8 gG3 conprising the
foll owi ng steps: a)BB§%5? I 179 a&ggﬁgFé of éj#econgﬁﬁg%tl produced

i mrunbdyl obul i n, €b)  avbjectingthe spraratehiriagleatsf the ppmunaglo opfainedtife

enzyne |deS, c) tregichn tbRenBRZpBBEIRELHE Ynsll 686 UilebMIAFRFHO b lainads st ep
b) with formc acid and a reducjng agent, d) separating the obtained

fragments of said i MFHOGIEEBWA by reversed phase hi gh performance |i quid
chromat ogr aphy @nd/ deteflrinag theql ydsylabbaipaten faf aherantmsnbglobulee fremcthesi on

hr omat ogr aph rinini . j
chromat ography, ) gl §akhbel%utPoRAALET {Epgment s of the i mmnoglobul in

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 IgG1 or IgG2 or IgG4 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,
c¢) 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, €.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



step d) to a nmass spectronetric analysis by direct infusion into a nass
spectroneter, and f) determ ning the glycosylation pattern of the

I mmunogl ow0l201/M8p1em t he nass spectronetric data obt ai ned@CITfEP2A18{00a5)0

Anot her aspect of the current invention is a nethod for the production of a
Fab2-fragnent or a Fab-fragnent of a hulfbnh or humani zed i nmunogl obul i n of
the subclass 1gd or 1g& or g4 or of a nmurine inmunogl obulin of the
subclass Ig&a or 1g&b or 1g& conprising the followi ng steps: a

provi di ng athis ipelistogg ctepl often & emonhéxchangeechFamatographramatenal inha flow-

Fab- fragnent, 15 . I ned, b) cleaving said i nmunogl obulin by
di gestion vm]%rh %IL@OQ%ZS;’%%&I deS, c¢) if the Fab-fragnent is to be produced

treating said enzymatically cleav i mmunogl obulin of step b) with formc
acid and a Muffeenphgetipdntare W“p‘?sf?iﬁéli“ﬁ’ga‘&da}"(ffleﬁ%lﬁéd Pﬁ%@gﬁsérﬁwf&rn EegPYery

Fab- f r agmentan® pugificeied, Gt pRYaffinith chr@rhatbgiaphy vl emiobidl 3ibieirsr (e3g.Si ze
excl usj on resi.n.

or the. I fication of recownbi nant rqduce
het er ol ogou®Tqt ogl HBFFI“FL% a%‘lr‘i‘ IO Fﬂ%’?-}’g‘[ygg “o?"cb%/‘}gr%e@’éﬂ a'céj’gf%?ﬁlx
chr omat ogr aghy. sttiepsxcimngeitayedmdtylonsngnmdn grcttange fanoineiathyA refifig)ni t y
chromat ogr a [ I o Lt : r '
ceparat i on- S0 plikedflou@ e hatbol Moo Bhill: Msipbd LERYiek EATREGH BRRM!
purificati oandt ether s SH sbg@dls),edlyﬂfﬂﬂhpblﬁi rigtesactipn  fopr ardyeaticengslsarption trace
i mpurities Wapd s | Wk a drd reRSPHIINS | dyp! HCP
(host _ cel | gfrhg)tei n% ,QI;HSRIAGE(%OSt, celﬂ%ngg?%@crdsg%@%i ruses géhsglféér%
endot Bki ns. neamingplendborepicnacid), gpetdt Bplaten 2t nCQQE‘ﬁH’r%*&’hé’hﬁeogm‘("HBr aphy
mat elr3 : al hi gNi(Ii)l- O\Mé(mr Q) - Ay | ?nan&M), [SiAef &lxelmfsioﬂEtdhﬁdﬁd atagxe?h\;al land
establ i she n i despread use or protein recover n rificatiqn, such
e arti iy LRroRiSTRL SRR o Bf S olRER Folg® BtaiRlad!
protei n G afVijayaaksbhini,dviet.04ppl Byocheino Biggah A §EOBNP3IHELbgr aphy (e. g.
cation exchange (carboxynethyl resins), anion exchange (am no ethyl resins)

and m xed- W%nﬁéﬁ%@&ﬂ%t tHeth &R lcbmpRESEuli VAR g Seultarydtit Rell comprising
bet a- ner capt oet hanol ' and ot her, SH |1 gands), hydrophobic i ntéggc Aro&eor

aromald ¢ ad@oRysleie acidh eraing the, HymuBoglobilin pinders FRNAILQSHSH

aza- ar enophiek presdi@s iofStheOheterologous 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 cell is cultivated 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 method 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 a)  enzymatically cleaving a protein-immunoglobulin 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



m am nophenyl boronic acid), netal chelate affinity chromatography (e.g.
with N(Il)- and Cu(ll)-afflnity material), size exclusion chronmatography,
and el ectwophovespizéal net hods (such as gel el ectrophor e®CS/EPCEPIODITH0 Y

el ectrophoresis) (Vijayal akshm, MA., Appl. Biochem Biotech. 75 (1998)
93-102). In one enbodi.nent the nethod cmwprises cultivating a eukaryotic
cell conprising a nucleic acid encodi ng the i munogl obulin under conditions
suitable for the expression of the heterol ogous i munogl obulin. The term
"under condiappendsd slaimsidt & Understdod tbatpnedificaipnsican he madenim tigl pwbeddures

denot es con on of a mammalian cell
expr essi ng glra] @f%ﬁ%@k?ﬁbﬁ&%g@ﬁgv&l@@hﬁg&éﬁﬁ%%d\ﬁ%ﬁ%do or can easily be
determ ned by a person skllled in the art. It is also known to a person

skill ed i n Mescription pEtherSegugneeisting ong may vary depending on the type of
mammal i an cell cultivated and on the type of inmmunogl obulin expressed. In
general the SEFQYTPINGN C@hhlnbf‘aciatﬂetluéméeﬂldﬁs faomsmeptroabwuepy@gegws bet ween 20

C and 40 C, peri od i me_suf to al Wef rotein
producti on éi&gﬁé(ﬁ% ;Pg(riéa émB’unP% Bﬂle? ose‘i‘éenﬁgf lﬁﬁoath ’t" aélgect of
the current invention |sndamgmlﬁddnz or the nmonitoring of the gl ycosyl ation
patter of a ?ﬁ*ﬁl ant | o4 u tfu

accordi ng toiﬁ?‘le m@e%t |%%rme %fdlrﬁnéurtg%gl@rﬁlaaséée@teg%ﬁ‘% flﬁ kcﬂaﬂgnt |nvent| on
is a nmethod for produci ﬁgdlagp‘rltht@m% conprising the step of: a)

enzymati cal ISE@IPNONY MR IBGT-donBlmaakeRul i n fusion protein with the

enzynme | deS and thereby prod g the protein. The foll ow ng exanpl es,
sequelte |i SEQIDA: P cﬁﬁ’r"é@ﬁ&pg OPYINIEZOPo ai d t he understanding of the

present invention, the true scope of which is set forth in theappended
claims. It i und‘grst % .hl:itt nodi fications can be nmade in the procedures
set forth W@Mﬁm&—ﬁéomthe spirit of the invention. Description
of the Sequence Listing SEQID NO 1 Ami no acid sequence of IdeS from
St r ept ococcRigyredgenes. SSE@atis NEpregematiomeof giga ldefhudiggstismul afn 186duence

starting at CH and endifg, Wbk, - SEQ 1D NO 3 Mirine 19&3

i mmunogl obul i n sequence starting at CHl and endi ng
15q Figure 2 q Mass spect?um of IdeS cleaved uman Iqu ana%yzed by SEC

and direct infusion into mass spectrometer. The spectrum shows

only the glycosylated Fc fragment.

Figure 3 Mass spectrum of IdeS cleaved human IgG1 analyzed by SEC
and direct infusion into mass spectrometer. The spectrum shows
20 the glycosylated Fc-fragment and the Fab,-fragment.
Figure 4 Chromatogram of IdeS digested and reduced murine IgG3
immunoglobulin.
Figure 5 Zoom mass spectrum of heavy chain Fab-fragment with O-

glycosylation in the hinge region of murine IgG3

25 immunoglobulin.
Figure 6 Zoom mass spectrum of heavy chain Fc-fragment with N-
glycosylation of murine IgG3 immunoglobulin.
Figure 7 Deconvoluted mass spectrum of the O-Glycosylated tryptic
peptide (IPKPSTPPGSSCPPGNILGGPSVFIFPPKPK (HC =
30 heavy chain, amino acid (aa) 217-247; S 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 Fc-fragment with N-

35 glycosylation of humanized 1gG4 immunoglobulin.



SEQ ID NO 4 Human 1gd constant region. SEQ ID NGO 5 Human I g&4 constant
region. Description of the Figures Figure 1 Schenmatic representation of the
| deS di gewoi2or/89126gd | nunogl obulins . Figure 2 Mass gpedreaniood71o deS

cl eaved human |1 g@ anal yzed by SEC and direct infusion into nass
spectroneter. The spectrum shows only tt%e-glycosylated Fc fragnent. Figure
3 Mass spectrum of |deS cleaved human | g3 anal yzed by SEC and direct

i nfusion into mass spectroneter. The spectrum shows the gl ycosyl ated

Fc- fragnent Figwretle FabZhromatogram Fo§ur ddef Chdigestedgr dmmuhizedeS lgGdest ed

and reduced nurine |19&3 ;i Mpipegbaty! in. Figure 5 Zoom mass spectrum of
heavy chain Fab-fragment wth ycosyl ation in the hi nge regi on of murine
1 9G3" i munodiigygiiln. Fi ferm enesotReFEYD epraavyinshn Hicafrpgmeati Witbe Nr agnent

wi th Ngl y;:osyl a]E [ ?E ofO dogﬁaﬂli(g@fdmﬁﬁajﬁm_ |Igt}l1l|i1inﬁhun5'g@uﬁﬁn.7 Deconvol ut ed
mass spectr 0 e cosyl ated t tic t .

(1 PKPSTPPGSEMBENA caps WicHRp KCQ’P@anE"éEWQ?ﬁﬁ n‘ﬁg%ﬁ’r‘?%émﬁ‘@f‘ﬁe‘é 4851
217-247; S and T: possi limenufgglpbobiy taken dronsihe esperastantifa audtivatioorant @ VS.

Fi gure 8 Chronat ogram of ' mani zed 1 g&4 i mmunogl obul i n.
Figure 9 Zoom nass spectprr({’}rgﬁ%c%gklgg%gag?ﬁlagn Fc-fragment with Ngl ycosyl ati on
of hunmani ze®igw@l3i mundéyiedbyl oin nRisguspectid ath ldptadigpstesh bempagieed digdst ed

humani zed 19d i mmunogl elpinBelobhgh ke hofPORs ataRestd diRiedtione@yy chain
Fc-fragnment with Nglycosy atl(%n of. humani zed |

] ) 04 i nogl obul i n. Figure 12
over| 8 of chromat ogr an®T le‘%@@"ﬁ?“b%aé’ﬂléﬁ(‘ﬁ[ﬁﬁ‘ﬂﬂ’i‘?Eﬁ%-@g‘inﬁﬁghogl obulin
taken from tR@ueURer nat AbnPbverlagWitrhastsbediradsfidas digested humanized IgG1l

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

Determination 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 IgG1, 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 1 mg/ml
in 50 mM TRIS/HCI buffer pH 8.0 and 2 pl (¢ = 1 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.



protein A purified sanple. Figure 13 Overlay of mass spectra of |deS

di gested humani zed 1gd i munogl obulin taken fromthe supernatant of a

cul tivat w0 2ard8a12protein A purified sanple (retention PCREP2W6/0807M8 nut es) .
Figure 14 Zoom overlay of mass spectra of |deS digested humani zed |1 gQd

i mmunogl obulin taken fromthe supernata2ti- of a cultivation and a protein A
purified sanple (retention tinme: 16.8 mnutes). Figure 15 Anal ytical size
excl usi on chronmat ogram overlay of the conplete i munogl obulin, the

Fab2- fragrrelﬁedantiou beldeSatigestet] nEmnpgl@bmhmémeadﬂmanalcﬁnawsnwfe ant i body

concentrati LJPn Pbﬁ&qymctﬂ@%i}tfr% @R was determ ned by neans of an
remen

absor ption at 280 ran on spectral photoneter of the type
UVI KON XL (Goebel Company). The extin on, cqoefficie t he anti body t hat
was used wadon reictpn Efr)‘heaﬁ%in%slsc%i‘ﬁ?ﬂ éi‘f‘&‘d%\dtlo‘i’% ﬁ@ Y pREsHPhod of

I\P/gfﬁ CAN(f pRbsphhte, buffér PFETID ©CEive 4 ﬁﬂa@%]gmﬂéa\f 11%.23'Ihefn|;>63rml<ﬁf @5 CEﬂlner al
0 tion,.for s of t c ation
patterh in tl%gqunﬁ(gg Hf‘y‘gﬁgéphgs 5166 ?‘SF dﬁl%ﬁ'ﬁﬁnﬁeqﬁ ZPg\}il ut ed

to a final goadéintraidrachlafdelamigb®imi of BOMI’TMIEIFRII&': H@drashioride guél addeéd.and 2
m (c =1 nglf{grw%rg g-ﬁt H;ghé 1sqf'lcdbqudr}819!”(§)9+1'ﬁdt& Q%gr"ﬁdwgr@a@gl HFss(t ﬂfe§ MV

345890 Da) are Inratio of "1:50 by
wei ght . The byedditionef p i1 0fi2b fal e ﬁoﬁfFICZaON) 5 h at 37 C depending on the
i mrunogl obul in used. For analysis with size exclusion chromatography and
direct inf UfFJx‘_ﬁEhdlé‘BO mass spectrorret er the enzyne activity is stopped by

additjon of an e %% cid to the solution. Reduction of
| desS W gest ég’“ieﬁ‘ﬂtﬁﬁﬁﬁogﬂﬂ@ﬁ?g‘# %Tgéﬂﬁ anal ysis of glycosyl ation
pattern in the Fab-fragnent: For reduction half of the sanple is diluted

with 64 M d<lonikifedilldl¢®amd CipBrdigedasphate buffer pH 7.0 to give a final
volunme of 115 m . Then, 60 m of 0.5 MTCEP (tris (2-carboxyethyl)

phosphi ne,  Rpgr %qb 6@'11?1’?(% i‘fﬁrﬁuh&l&)ﬁ{ﬂll 4FRi1fed %o Yfinal concentration of 1 mg/ml
in 50 mM TRIS/HCI buffer pH 8.0 and 2 pul (c = 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 immunoglobulin 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 Example 4
General Method C (for IgG 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 pl (c = 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

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



guani di ne hydrochl oride and 50 m of 8 M guani di ne hydrochl ori de are added.
Afterwards the sanple is incubated for 30 mnutes at 37 C. The reaction is
st opped byoaddvaspbreza of 5 ml of 20 % (v/v) form c acid. EXamp@odo@ener al
Met hod B (for 1gd, 1gG3, 1g&) Conbined IdeS and CpB digest: 100 ng (0.66
nmol ) i mmunogl obulin are diluted to a f2ainal concentration of 1 ng/m in 50
nmv TRIS/HCl buffer pH 8 0 and 2 mM (¢ =1 ng/m, 0.06 nnol) of

| mmunogl obul i n degradi ng enzyne (ldeS, MN 345890 Da) are added to give an
enzyme to i Exumpié ®bulin ratio of 1:50 by weight. The solution is incubated

f 2 ht | obul i d 1n 1
mS); m) of O&eggﬁa&&ép@?ﬁi@ﬁ%@%@gﬂﬂﬁ% %%s?i gsl le:JJSHe Mannhei gn

Gernany) is added to the solution 30 minutes before the end of the IdeS
i ncubat i on Gombined ldefcanthCpBAgestt o i mmunogl obulin ratio of 1:25 by
wei ght. Exanple 4 General Method C (for 1gG with conplex glycosylation

pattern) Cogpi ngd (d) 9% Snasd Eﬂd@Hcdltﬁzaﬁbn ﬁﬁ)eﬁﬁta(n@ af mnﬁilﬁlvatmﬂiunﬁglaﬂbul in
are diJuted.to %{Hﬂ'ﬁl concentration

| u hosphat e
buffer’ at pHEURC B EXR{eSYIRE Fuxag/o Sﬁfdlsr?f? CSPt”Igﬁ%F g]s ?rﬂﬁlét ¥ (Roche
Di agnosti cs 1G38bé1, rcNE(miditmenperﬁaﬁxgah@rca) anddtibdedanal a tﬁmabaowntremom&f h at 37
C to cl eave ugn
adj ust ed tooghﬁlgg d%?&%%{ﬂ;ﬁxé# Bgﬁéﬁwfmf é/ Egﬁ'qbﬁlf{n W@%fb eavage
of the i m*ruhugiunbglbb'mlm §ea@¢lmg\ﬁ@ayrmy (&, AMW0 345800 Bp) [sca CQ taogiNg ano. 02

nmol ) of | ”Bh%}?&!&tlﬁhhﬁh ﬁﬂﬁlﬁg'rﬂ% Ef‘?‘ﬁﬁ% WeeR: ThNERGPR ikeubaiactor 2

bat f t 37 Ge I thod D, (f | t
i A A e AR X SR S L

cultivation @mw@@tmﬁe of ((apEuRbmeaDucgnoaicsa@mmeag{mbu GiererW)eBSI ng

eukaryotic ¢ ntri nut 800, r.cf e
centri fugal ?‘iﬁd ﬁ%ﬁ %(ltﬂ&ldn%s e P, ‘gﬂggﬁt@% }ngﬁb%t%onot r%g oaélrr}é in 50
mV TRI S/ HC ah)ﬁﬁi}eme lpl-ﬂnﬁnlﬁlog[bbnim tatio-ofll: h@byrtv,m@xtOG nnol ) of

Example 6
15 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, 1 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 pg (10 pl) 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



| mmunogl obul i n degradi ng enzyne (ldeS, MN 345890 Da) is added to give an
enzynme to i nmunogl obulin ratio of 1:50 by weight. The solution is incubated
for 2 to wOhowr083i26 C dependi ng on the i nmrunogl obul i n usedI/EP20m0/000710 g/ m )
of Carboxypepti dase B (CpB, Roche D agnostics GrbH, Mannheim Gernany) is
added to the solution 30 m nutes beforexhe end of the IdeS incubation tine
to give an enzyne to imunoglobulin ratio of 1:25 by weight. Exanple 6

RP- HPLC- M5 net hod The LCG-Ms is perforned on an Agilent Cap LClI | OO coupl ed
to QTOF || DMrigpgahafisst Pahiuses. thd himatehis divetted istplthe wastsde arévsnt the massf or ned
on a Phenonenex Jupit.er tircl WA size, 1
<250 mm cor Dy ee aheotof 865! MleditaMIRaREA; U gnl o og¥lh foRphite

| sopr opanol 36@emyiateouiedt MS wectoa srevacquiresd usirgia gapllaryrwltage ob2i780 Vihe f1 ow

is 40 m/m ?icoh@@oﬁfg%% t0'\?h'i‘n b $ndR€ FArk RN 800 (S260RMd: & paitlvhQoimodef

i mrunogl obul'in obtaihed w a met hod according to one of t%eﬂgﬁfm es 2to
5 are J nj ectsiagdrdesolvaon smperatuie ] 120 hoansh 280WRe tenpesgipie APbdr-i S t he
first 7 m ngh@srd ARuakd &Kot 7 % s meaitedd i nto the waste to prevent the nass
spectrometer ion source fromsalt contam nation. UV signal at 280 nm

(reference ;60 n@ Zi s recorded. M spectra are acquired using a capillary
vol tage of 2% -~ a cone voltage of 30 Vin a mass range from 600 to 2000
m z in posi GlyeanalysisoafddeS clegved amtilidyaby diveetdnfusion ure of 120 C and a
source tenperature of 80 C. Ms data are acquired from7 to 50 m nutes.

Exanpl e 7 QALRIskoR chrBinatslaaphi€aved antibody by direct infusion Size
excl usi on chromat ography: 45 ng (90 m ) of 1deS cleaved i mmunogl obulin

BRI R R TN R e R
equi | i br at ego whé bf thedB{amiples2 &c b dire #ectodaottd aridphadex G25 aelf lpavkedd@Oof 0. 5
ol ut' on i ¢ RSO TS & 5e o BBy ot ERRIbAfee et 77 gfinfll MAE ORTTT D
The el ut i on acdtonilrile e saflowdrafer of @iSnml/min dond @ eninbies. The paoeinng dgsaltedanpl e
I's collect tesi\ﬁ-haanf § AhbRNis6Q4i& Shftfon! WitR 219, Clofthid! &id,PAGELScetdifile 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 II 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 Fc-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.

Example 8
Glycoanalysis of a murine IgG3 immunoglobulin

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 Fc-fragment.



mcrotiter plates can be inserted into a TriversaNanoMate (Advion) system
and M5 spectra are recorded automatically or sanple can be pipetted

manual | y wote1#ssebal coated gl ass needl es (Proxeon Bi o®¢IEPRE0MNAITO0
ESI - needl es, cat# ES387) and sprayed into the nass spectroneter. M
paranmeter for direct infusion on a QTGR34d instrunent (M cronmass/Waters):
MS spectra are acquired using a capillary voltage of 800 V, a cone voltage
of 33 Vin a mass range from 600 to 2000 mz (gl ycosylated Fc-fragnment) in
posi tive i ofhesh®madgramaofmsidey digested tandpedused muripe 1800 idnayndgtobabor ce
tenperature.o C a 1 . 1 : le 8
d ycoanal ysfssg%qf%a%rmr r{gaﬁgl °§“m€r§ﬁgté§ g[gdj%?he#ﬁ@{ %tthétzﬁ%ﬁ%tgrﬁ%fln?%gp t he
i nvention hésgmeet withethsl Orglaepsylationi @ theahipee ragion ig fhewmen [Fygae S,

Fab- 1 agen e o o ot o ot o | dog
- e.in the Fc-fragnent. The cht.onat ogr 0 e

di gested and-glaeRydHion fifs&s Iswni‘ﬂgﬁ‘rgﬂbq Bbdﬁ‘ irgrig?@ %%%?C‘?Wog‘fqa%rrgasﬁ. A
zoom of t he spasans peeiid Orgigtodylmed eaptic peptide Fattavay wethi thei glycasytation

O gl ycosyl atlt?n in the hinge region is shown in Figure 5 whereas a zoom of
the mass sp&8t¥lUm of the heavy chain Fc-fragnent with the N-glycosylation
site is shown in Figure 6. In Figure 7 a deconvol uted mass spectrum of the
O gl ycosy! afzdmplePt i c peptide is shown with the glycosylation pattern.

Exanpl e 9 G@ag RS of P uRahiZbR 1 G SmhilF@bgiopmAcg! obul i n The met hod
according to the i1nvention has been exerrpIiF’i ed in this Exanple wth a

humani zed i mmunogl opul i n_conpri sing.a human | g4 i nQgl Qbul i n. const ant
regi ol Thi dhE RN e S e e L

Fc-fr aglrregt lh_ufﬂa_ﬁize@ rri]mnﬁﬁlﬁglroaﬁhimfcombﬁsihgeﬂmihgei;g@d iloromopobulin gGdstant

i mmunogl obulin is.,shown in. Eigure 8 . f th
heavy chai nr%%'?rwuwgtl%b@ﬁehaﬁga? @cé@%ﬁﬁa {tlghgg? @lﬁ SP% gﬁ%#ﬁlmnoﬁ gu(rae 9.

Exanpl e 10 d ycoanal ysis of a humani zed 193 imunogl obulin =
The chromatogram of the IdeS digested humanized 1gG4 immunoglobulin is shown

in Figure 8. A zoom of the mass spectrum of the heavy chain Fc-fragment with the
15 N-glycosylation site is shown in Figure 9.

Example 10
Glycoanalysis of a humanized IgG1 immunoglobulin

The method according to the invention has been exemplified in this Example with a
humanized immunoglobulin comprising a human IgG1 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.

Example 11

25 Glycoanalysis of a humanized IgG1 immunoglobulin from a cultivation

supernatant

The method according to the invention has been exemplified in this Example with a
humanized immunoglobulin comprising a human IgG1 immunoglobulin 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



The met hod according to the invention has been exenplified in this Exanple
with a humani zed i nmunogl obul i n conprising a human I gd@ i nmunogl obulin
const ant wegnmmns9iBhi s i nmunogl obul i n has one N- gl ycosyl aCir@r2&ionaeo7in t he
Fc-fragnent. The chromatogram of the |IdeS digested hunmani zed | gQd

i mmunogl obulin is shown in Figure 10. A400om of the mass spectrum of the
heavy chain Fc-fragment with the N-glycosylation site is shown in Figure
11. Exanple 11 dycoanal ysis of a humani zed 1gd@ imunoglobulin froma

cul tivat i ontsupetheahethdd hberdmghodhaooentomas s onhee fael ort monitdring theen

exenplifi ed h&ﬂ%é‘?%’bu | | ifie hikiDafor Y RRIIGRRA L i nogl obul i n conpri sing a

human | gd & constant region ereby the sanple for analysis
was obtained directly fromculture supernatant of a cultivation wthout

further purilhechromatogram of itharldeSyfigestied sample G ReWREs IRERAMtNt e i n

the Fc-fraggsRbarisonl witk4Ripte pHENEd Witkta plotdis A eB®ntdt@iraphisi shoenn@t hod
according to.the invention as g&&nl i ne tool o§ m)nltor‘ n

th
gl ycosyl at i &igWalZnl @RdcHen;t gihieayy shaig Fsr it dy Ut te&(?ﬁfl{?ﬁm ogr am
of the | deSpdimgesttre chomutezramoMht brandtogram sfifier prateamtA porifiedrpampleon wi t h
a sanple purjified with. a.protein A cC mal. ¥ in Fpgure 12. It
can be seen dPﬁsatnoE ﬁgmﬁg]a\t}% @ﬁ@ti ghq'l'%-(fr}i g‘&rrlen%’g{nlﬁpséf%ﬁd& egbg%@tlﬁgt ch%ig %oi nt of
t he chr omat ogmavad diin@genoteined chroamategraplie protein A purified sanpl e does
not contain the light chain of the immunoglobulin as the Iight chain is
renmoved duri%}g_“;qqlﬁigi_n A chronat ography. Exanple 12 Production of Fab
2-fragnent O0f a hunani zed | gd 10 i muno ho lin are diluted to a final
conceMrati é’ﬁ"’@!‘“&o"r@f/EﬁbZTfﬁa%ve%@sze gfcr pH 8.0 and 18 ml (c =
11.3 nmg/ M) of I mrunogl obulin degrading enzyne (1deS, MWV 345890 Da) are
added to gi Ve g imrdyibglobolin areudingéd bk ifinal edricontedtioh: Ol hyg/mbimgh® mMhe

the- i ncubat MISER e 8HLE g Rphds bile ) el r%%%‘{né’%%%“&,%ﬁ?‘?%’é md
using a proteezyme\(IdES MM 36890 Da) armaddedfte giveramerzypteowpimimenaglgtiudined
oS ate bl & /M P ST OIS Al s R G 1 o
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 Fc-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.



fl ow t hrough of the colum whereas the Fc-fragnent is obtained by elution
with buffer B. The obtained fractions have a purity of from84 %to 95 %
when det ewoizadshyeesi ze excl usi on chromat ography. A f ur PREEPRMOI0DI7TE¢@L | ON
step using a size exclusion chromatography with a Superdex 75 H ghLoad

16/ 60 colum with a volume of 120 m c&f be perfornmed. As buffer 20 nM

sodi um phosphate buffer with 140 mM sodi um chloride, pH 6.0 was used with a
flowof 1 m/mn. As can be seen fromFigure 15 the original conplete

anti body has been converted to its Bem-Claimgnent . Patent Clains 1. Method
for the determ nation of the glycosylation pattern of a human or humani zed

i mmunogl obuli n ﬁ/}et{l(ﬂ? f&uife! @&ermlifsdonObs k@%@ésﬂﬁ% rﬁclgﬁtteeﬁ of dTHGAR or
0 e

i mmunogl obul'i n subcl ass &xa or | b gr r.a ant .of these
conprising the lelnIaW%gmg’c“é‘Bgl."L‘gljn Bféléﬁlﬁ‘ﬂ?j @%SEGP ﬁgﬁl ‘?)rbfﬂ%{ of pf g

fragments by engmkiigntlirggibulin oftHesubblaseiGrawrigesh ob)gGRpan attimg t he
fragrresgts of sai? i mmnogrlliobuhligr} ﬁbt ained by the enzymatic digestion by

reversed phase Rf P¥SOEPREIHEALS IPHQUINE SERS onat ogr aphy, c) subjecting the
separated fragnents of said i nmunogl obulin obtained in step b) to a mass
spectronetric ana) yhiasingasaid dinnimoglobithin rigtot fragrgénts dxyy enaymatic pdigestion of

sai d i mmunogl obuli: 1515@1 Ss spectronetric data obtained in step c).
2. Method for thg‘}lglet érgﬁn% nat |dg§’ of the glycosylation pattern of the Fab2-

fragment of a human or humani zed i nmunogl ohu] i n of the. subcl ass Igg or
|g& or | g4 or & wpaakngche niagmeto Rl s# OWH%O%%ﬁ’InaQ tainger By ofhe) gzp
or 1g& conpri si gazyniicf Odigesiong 1y epsiersell Phasy i highs apetformancogliqhid i n
into d}agmants by, enzynmati.c digestion with the enzyne |1deS, b) treating
said €hzymati cal FQ’OG?%%%T?%}H’H nmunogl obulin of step a) with formc acid and
a reducing agent, c) separating the obtained fragnents of said )

i munogl obul i n by) sebjestsedthp reparatei e gneantsoefrsand emhivgaglgbeln ohtinsgriaphy or

a size exclusion step b) to a mass spectrometric analysis, and

d) determining the glycosylation pattern of said immunoglobulin from the

mass spectrometric data obtained in step c).

15 2.  Method for the determination of the glycosylation pattern of the Fabs-
fragment of a human or humanized immunoglobulin of the subclass IgG1 or
IgG2 or IgG4 or of a murine immunoglobulin of the subclass 1gG2a or IgG2b
or IgG3 comprising the following steps:

a) cleaving said immunoglobulin into fragments by enzymatic digestion

20 with the enzyme IdeS,

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 or a size exclusion

25 chromatography,

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

spectrometer, and



chromat ogr aphy, d) subjecting the separated fragnents of said

i munogl obulin obtained in step b) to a nass spectronetric anal ysis by

di rect i nWO20w8P1260 a nass spectroneter, ande) determ BCHEPRI1/000710

gl ycosyl ation pattern of said Fab2-fragnent fromthe nass spectronetric
data obtained in step c). 3. Method for26he production of a Fab2-fragnent
or a Fab-fragnent of a human or hunmani zed i nmunogl obul i n of the subcl ass
lgd@ or 1g& or 1gA or of a murine inmunogl obulin of the subclass | g&a or
| g&b or 1gG3, chkpdateteinizgthd glychsitlatidnepattarned seshberbstagmens from| e ng
steps: a) providi i g L i ch the Fab2-fragnment or the
Fab-fragnent is H}g%%;kgg?ﬁéﬁ%cﬁa%@%@gggfﬁb sai d i munogl obulin into the
Fab2-fragnent and the HC-FC-fragnment by enzymatic digestion wi.ith the enzyne
| deS, c¢) if 3t heMzthod f(&gh%modpstl%()%%bzog%%@tpr é&@grfga%‘&qna%ﬁi’w&?i cally
cl eaved i nmmunogle hghmbAized ifiin@RoAdbWL 6f fhe'sibdakdpd ] ardg@2 oedgGH g ofigent , d)

producj ng said Fab2-fragnment, or . sai ab- f r agnent chro ogra with a
proteih A chronﬂWabﬁﬁwngIOBE*l% 8 ﬁes?t?ci%ﬁe%@i)%b?railﬁgggi %rb?grk?r’ c). 4.
Met hod for noni thiractgrizalnplties tioompthiodicomptikes the fdllomiingstepsps a) storing the
sanples for a time period, b) cleaving said i nmunogl obulin into fragnents

by enzymat 0 di ag 1 Aol I A SUMARIA AT ShicACRE! P06y fdrogent s of

sai d i mmunogl obu [ g enzymati ¢ digestion“by Teversed phase
hi gh per f or mance Fabdsigmentisdorke eBtatisdy, " d) treating said enzymatically

cl eaved i munogl obulin of step c¢) with formc acid and a reduci ng agent, e)
ﬁ?pﬁr at ][19 the ol fi'blé.ﬁ@ing[]@,ﬁiﬂenirﬁmﬁi‘oﬁﬁ%hﬁni TS N @y Olbdl,!izitfhgh)ent ewed sed phase
i gh performance chronat ogr aphy .or a si.ze.excl usi

chr orrgq ogr aphy, f e&ggé&?ﬁ“ﬂ‘?’ﬁQyteﬂgy"ﬁgté‘g@ﬁﬁsélof}fmﬁbﬁf58@??%&%8? oducts by a
shift of the retention tine of the fragnents conpared to a reference sanple
treated with c) if the Fab-fragment is to be produced treating said enzymatically cleaved

immunoglobulin of step b) with formic acid and a reducing agent,

d) producing said Fab,-fragment or said Fab-fragment by chromatography
with a protein A chromatographical resin of the fragments obtained in b) or
15 c).

4. Method for monitoring samples comprising the following steps
a) storing the samples for a time period,

b) cleaving said immunoglobulin into fragments by enzymatic digestion

with the enzyme IdeS,

20 c) separating the fragments of said immunoglobulin obtained by the
enzymatic digestion by reversed phase high performance liquid
chromatography,

d) treating said enzymatically cleaved immunoglobulin of step ¢) with

formic acid and a reducing agent,

25 e) separating the obtained fragments of said immunoglobulin by reversed
phase high performance liquid chromatography or a size exclusion

chromatography,



steps b) to e). 5 Mthod according to any one of the preceding clains,
characterized in that said separating step is: - desalting the obtained

f r agnment swof20mdisgiize nrrunogl obul i n by a si ze excl usi on chPCrEPOGOANITYO 6.

Met hod according to any one of the preceding claims, characterized in that
said cleaving steps: - cleaving said i42nogl obulin into fragnents by
enzymatic digestion with the enzyme IdeS and treating said inmmnoglobulin
wi t h carboxypeptidase B. 7. Method according to any one of the preceding

cl ai ns, char act ef) demhmirnghdlie phesenst hbdlegadptions @sodusts byl @ shith@fsthep after

sai d cl eaving st ‘;aelﬁgg g BFGQ?.IeEﬁA;#:eﬂ&HéJH#a?&i Rl R terende’sBRpld¥eat@ With

enzymatically cl eaved | mmuno nwth formc acid and a reduci ng agent.
8. Met hod accor dsts bbtoaly one of the preceding clains, characterized in
that said cleaving is perfornmed in a pH range between pH 5.5. and pH 8. 5.
9. Method agcor giiéiBod ScRRIn@ R aflf ohb&fphe prdedifg ClannsBchacdtedrized én itzatd i n
that the cl eavi n% S egerforme.d. for two hours. 10. Method according to any
one of the precé A SEPAFUIERCP Whar acteri zed in that said reducing agent is
tris-(2-carboxyethyl)-phosphine. 11. Method according to any one of the
precedi ng cl ai ns; ddsaltiagt thei cdined fragmenth efnssidrimmaurioglobilin deys & sizehe

i nmunogl obul i n n@k&ﬁﬁhﬁcﬁ%nﬁ%@?ﬁﬁf}. 1: 25 and 1: 2500.

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

said cleaving steps:

10 - cleaving said immunoglobulin into fragments by enzymatic digestion with
the enzyme IdeS and treating said immunoglobulin with carboxypeptidase
B.

7. Method according to any one of the preceding claims, characterized in that
the method comprises the following step after said cleaving step and before

15 said purifying step:

- treating said enzymatically cleaved immunoglobulin with formic acid and

a reducing agent.

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

said cleaving is performed in a pH range between pH 5.5. and pH 8.5.

20 9.  Method according to any one of the preceding claims, characterized in that

the cleaving is performed for two hours.

10. Method according to any one of the preceding claims, characterized in that
said reducing agent is tris-(2-carboxyethyl)-phosphine.

11. Method according to any one of the preceding claims, characterized in that
25 the molar ratio of IdeS to the immunoglobulin molecule is between 1:25 and
1:2500.



