Stability testing of antibodi es Background information
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the nodes of action, it is absolutely essential to
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H)rlgtteglno]ggq&?dprocesses Degradation products may be formed during their
production, formulation and storage which are often due to processes like oxidation
and deamidation reactions as well as proteolytic cleavages (Yan, B., et al, J.
Chromatog. A 1164 (2007) 153-161). Modifications of biological products may
result in a change in the activity and/or immunogenicity due to structural changes

in the molecule even if they only occur to a slight extent.

The quality of a biopharmaceutical product is of decisive importance in addition to
its action. Therefore in addition to a detailed investigation of the modes of action, it
is absolutely essential to determine the identity, purity and activity of protein-based

drugs in order to use them safely as therapeutic agents.
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Hess, J.K., et al. (Hess, J.K., et al., J. Microbiol. Meth. 70 (2007) 284-291) report a
mass spectroscopic method for determining the enzymatic activity of IdeS with the
aid of SELDI-TOF mass spectrometry. A polypeptide which was isolated from S.
pyogenes and has an IgG cysteine protease activity is reported in the
US 2007/0237784. A method for forming Fc or Fab fragments of antibodies is
reported in the European Patent Application EP 1 458 861. IdeS protease from
group A streptococci is reported in WO 2006/131347.



US 2007/ 0237784. A method for form ng Fc or Fab

fragnments of antibodies is reported in the European
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group A streptococci is reported in WO

2006/ 131347. Summarv of the inyention The present

i nvention describes a nethod ?or detecting anti bodi es

and anti body fragments or nodified forns of an

anti body in a sanple, characterized in that it
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V\]s'l]I ch contains an antibody and/or its cleavage
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| gG specpidddacgyst ei ne protease is 1deS. In a further
enbodi ment the cysteine protease IdeS is derived from
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Anot her epbadi ment conpri ses i ncubation with an

| gG specik? y%(ﬁ?k‘gé'?’ne protease in the pH range between
5.5 and #&i)aredutimgugehgr enbodi nent the pH range is
between pH 7.0 and 8.0 and in a further enbodi nent
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gl ycosi dase is N-glycosi dase F (PNGase F). Anot her

RN A S SN T
3fuzth2r kBabodiment the cysteine protease IdeS is derived from Streptococcus
pyogenes or Treponema denticola. In yet a further embodiment the IgG-specific
cysteine protease has the amino acid sequence SEQ ID NO:1. Another embodiment
comprises incubation with an IgG-specific cysteine protease in the pH range
between 5.5 and 8.5. In another embodiment the pH range is between pH 7.0 and
8.0 and in a further embodiment between pH 7.5 and 8.0. In yet a further
embodiment the molar ratio of the IgG-specific cysteine protease to the antibody
and/or antibody fragments contained in the sample is between 1:25 and 1:2500,
preferably between 1:25 and 1:100. In another embodiment the glycosidase is
N-glycosidase F (PNGase F). Another embodiment is characterized in that the
N-glycosidase F is derived from Flavobacterium meningosepticum (EC 3.2.2.18,
EC 3.5.1.52). In another embodiment is the glycosidase Endo H and is employed at
a pH between 6.0 and 6.5. In another embodiment the glycosidase has the amino
acid sequence SEQ ID NO:2. In another embodiment the method is characterized in
that the sample provided under a) is firstly incubated under b) with the IgG-specific

cysteine protease and is subsequently incubated with the glycosidase. Another
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i) the IgG-specific cysteine protease IdeS from S. pyogenes and
ii) the endoglycosidase N-glycosidase F from Flavobacterium

meningosepticum.

Detailed description

The present study is concerned with the analysis of degradation products and

modifications of therapeutic, monoclonal antibodies, which are for example formed
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chain (HC) is normally composed of a variable domain Vy and a constant region
which in turn is composed of the domains Cyl, hinge, Cy2, Cy3 and optionally
Cu4. 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). Antibodies (immunoglobulins, Ig) are divided into
various classes depending on the amino acid sequence of the constant region of the
heavy chain of the antibody: IgA, IgD, IgE, IgG and IgM. Some of these classes are
further subdivided into subclasses (isotypes) e.g. IgG into IgGl, 1gG2, IgG3 and
IgG4 or IgA into IgAl and IgA2. The constant regions of the heavy chains are



which in turn is conposed of the domains CH I , hinge,

CH2, CH3 and optionally CH4. Antibodies may occur in
Wo00e1080238 f orns e. g. as Fv, Fab, and F(ab) 2 aBCTEP1008{810800

single chains (scFv) (e.g. Huston, J.S., et al., Proc.
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tryptophans (W) are the most sensitive to oxidation. The oxidation of these amino
acids (see figure 1) is of particular interest because this occurs in very many
different proteins and often reduces or eliminates their biological activity, induces
aggregation and promotes proteolysis (Houde, D., et al,, J. Chromatogr. A 1123
(2006) 189-198). A simple oxidation of methionine to methionine sulfoxide results
in a mass difference Am = +16 Da for the oxidized species. Tryptophans are usually
oxidized twice which results in a mass difference of Am = +32 Da. In a further
reaction the double oxidized form of tryptophan often rearranges to kynurenin

resulting in a mass difference of Am = +4 Da.



acids of the heavy and light chain which is induced by

reacti ve oxygen species. Even if alnost all am no
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and tryptophans (W are the nost sensitive to

oxi dation. The oxidation of these am no acids (see

figure 1) is of particular interest because this

occurs in very many different proteins and often
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D., et al., J. Chromatogr. A 1123 (2006) 189-198). A
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sippe6titiae AkioldT8:1a(THeRag D | & allesihdl 0Fledn S170(2008) 6004-6011). This

exanpl e after reductio and.enz tic cl.egavage
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t he deam dated species occurs as a result of a

AeAN 3 8l APRALAYI ne to aspartate and
[ case of peptides and proteins

whi ch have a mol ecul ar_wei ght .
The formation of non-reducible thioether bridges is a phenomenon which is

frequently observed with monoclonal antibodies, especially those of the subclass
IgG1. This is based on the loss of a sulfur atom in the disulfide bridges which link
the heavy and light chains of an antibody together or which intramolecularly
stabilize the light and heavy chains. This modification of an antibody is favoured
under increased stress conditions and in this case especially at elevated pH values. It
is assumed that such a reaction is a B-elimination (Cohen, S.L., et al., J. Am. Chem.
Soc., 129 (2007) 6976-6977). Since a sulfur atom is lost during the formation of a
thioether bridge, this results in a mass difference of Am = -32 Da for the non-

reduced, modified antibody species. In contrast to this is this disulfide bridge (S-S)



of nore than 10 kDa, it is inpossible or very

difficult to directly detect a nass difference of Dm =
WG-2009/080288i ng the current nmass spectroneters. PCT/EP2008/010800

Addi tionally a change of the charge distribution, to

be nore precise of the chargegheterogeneity occurs.

Formati on of thioether bonds %he formati on of

non-reduci bl e thi oether bridges is a phenonenon which

is frequently observed with nonoclonal antibodies,

edpPAeH #todwb v gro%s Hhﬁn§ uﬁcﬂeaxs&ldng@ an ahfib&dy. Fob ASE Eieason the

on the | oss n t he dlsulfl e br
WiFSENE s élﬁér%‘a&r aaﬂ bodstearmRongRts ghrliéglﬂ
together or which intranolecularly stabilize the Ilght

aheknieiwnvofdhgimeats Thi s nodi ficati on of an antibody is
f avoured under increased stress conditions and in this

C%??s r‘?(ﬂﬁc%ﬁ ﬂaé%eﬁ{au%kqgfctn%gs Qlll_el l}/sﬁlllgﬁl?asea %%ohﬁdﬂﬁft%&vages of
ethegteptidg bopgs indhe molypsptidel dorinsefirptesesas. 69 1y heasyrand light

?chllﬁlclx;i{eg)ﬁéx} Qﬁt‘ﬂ%dySThQEI‘otg&Hlf‘Qn& hRisfes H?c{rb%s Of péptide bonds can

isr di.f f erence of
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of._an antibo is reason the resulting nmass
§ {hCé&ab QXfMEl(xﬁ anti body conponents is Dm= -34

Da. Formation of fragments Stress-induced
f Mageelanalt agibadisscare ovesy daree psotginsyanshfugthemmore, are extremely
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p Iyp ti de chai ns, of e_hea
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t&el hﬂ)ﬁ[ﬁﬂaﬁﬁmﬁlt(ﬁ expepientieo H@M&hé@l’lntmsrﬁilleﬂ @a@hﬁntsﬂ%@ore the

UG Rin B Rl cHATHE QSraboRlr SRR 4R HopEpGpragion i an
hiymtrcntamlrsethoé for eseming @pe&ma‘lymcab Ilmmasnsfln most cases the
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rotel ernore, are x re eneous
(qirrslelﬁéh bridgesglaradditiqn therrarehavraery pie @&hqr mathgdsdopgleaving an
thRidodheavy chains. In order to exam ne antibodies for
the formati on of degradati on products and
i fications i .hs expedient to cleave theminto
0 ore the analysis. Therefore the

cl eavage of antibodies as part of the sanple
pAkk dnHidedmidges @agurring in an IgG molecule can be cleaved by reduction. The-

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

guanidine/HCl or formic acid.



I mportant nethod for carrying out analytica

i nvestigations. In nost cases the antibody is sinply
waewonprsed into its heavy and |ight chai ns byPCT/EP2008/010800

reduction of the disulfide bridges. In addition there

are, however, also other nethpds for cleaving an

anti body. C eavage of disulfide bridg es Al disulfide

bri dges occurring in an 1gG nol ecul e can be cl eaved by

reduction. The free heavy and |ight chains of an

FHEREY cRh®igebt ai ned during the reduction. Tris-
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GRo" Neg:rr%'ﬁal V\‘r&glgrretn@se a@é q Irecg%nﬁsdlagﬁée'ﬂq)mmn ﬁrag?ngnts (Fab,

aci d. nzyma 1 C eavage pal n a cystel ne
@n@avreélrphm fragmpmimctbe Ceteaminad frygrmlﬁstplé éFfFTfé@\FfP 9s thietcaystalline

nF@Ecliﬁi)estallMﬁiaglr}ga 0). Batlt PP fagfidrl i Emp &b&'tblfgﬁ&ﬁplete
d@% Gga‘Psa"éiu?}Fl %Pgaer‘ieg%rr@ gal?tq%ﬁvggrﬁgwn'\m e“ﬁlg B 'fragment is

|@ai®séd oft theotvdd cd’ﬂbdit)GteyﬁmSal Habeev€the Beuviy b‘.thﬁhlne svhiénare still

e.cleav ectively in their hinge
:ilélé(e%ﬁ eé{’?'ll}ﬁ‘il%ugh%?%rt iysis (Lottspeich, F., and
Engel s, J. W, "Bioanal ytik Spektrun1Akaden1scher
WﬂﬁlégEEBMmlch 2nd Edition (2006) 201-214). The

cl eavage occurs on the N-term nal side of the

qH@SJkliﬁrgﬁn J)lqgﬁlsGVﬂ'H ?Jlilﬁg')@ﬁ@%e bhs P?@%eﬂf@ﬁ\ls\’a Q:Hﬁilzﬁscystelne
t oget her di sul f g@ %gs are ref §

Proieass whish ke entselated Fgmeibe Rasioeapicy %Eé?fﬁﬁtl reptococcus
fp“yagefmmﬂ)hla Eﬁzy@bzt deavedhainhe g athohigh spe@fhltde\eectlwbefore the
éﬁ%ogag}onoseﬁaen Eﬁ%\él#?nﬁe é[r ef eerﬂ{leergcetls éocatetc)l in theghmge region of
flg@cpretite) C- tet_mm(ai side wif rdaﬂulﬁcfea'gn‘m whachr Efik rth@dwo dheay chains
t(bﬁ:)QBg&BéJ. rhp €leavage results in the C-terminal ends of the two heavy chains
(2 HC-Fc fragments) and a Fab" fragment which results from the arms of the Fab
fragments of the light and heavy chain that are linked by disulfide bridges (figure 3)

(von Pavel-Rammingen, U., et al., EMBO Journal 21 (2002) 1607-1615).

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



fragment (Fc, crystallizing fragnment). Each Fab
fragment is conposed of a conplete |ight chain and the
W 20n08®&F m nal hal f of the heavy chain. The RRCI/EP2008/010800
fragnent is conposed of the two carboxy-termn na
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The formation of highly charged ions is characteristic of the ESI process. Hence in
the mass spectrum of a defined protein species one observes an entire series of ion
signals each with a charge difference of Az = 1 (as a rule by addition of one proton
in the positive mode or subtraction of one proton in the negative mode) according
to its molecular weight. The spectra of proteins show a characteristic approximately
bell-shaped charge distribution of the molecular ions. The maximum of the
distribution depends on parameters of the ESI mass spectrometer, on the pH of the
solvent and on the state of denaturation of the protein. After cleavage of disulfide
bridges and as a result of denaturation, proteins adopt a spatially more expanded

structure so that more charges can be accepted (or released) by the molecule. The



separating colum at different tinmes and in this

manner can be anal ysed by mass spectronetry in the
WQr@We08@f8 t heir el ution. A nass spectrum of eaRGI/PR2RS/010800

of the elution profile is obtained by coupling

chromat ography with mass spegtronetry. The advantage

of this is that one does not obtain a conplex total

spectrum of all conponents of the anal yte solution but

rather in the ideal case the honbgeneous spectrum of a

smmrﬁ%fcm@ma?a_t distFibatieh eGhr derifery st (&EHigher Ylower)

a frequently used ionization nethod for converting

df@s&Fved nol ecul es into gaseous ions in nass

spectronmetry. This is achieved by dispersing a liquid
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process. Hence in the mass spectrum of a defined

protein speci es one obs¥rvBX an entire series of ion

si gnal s ERulikn aMeFarge difference of Dz = 1 (as a

rule by addition of one proton in the positive node or

subtraction of one proton in the negative node)

according to its nol ecultar (me)ght. The spectra of

pr ot ei ns fohmwlaa®: chamaet-erst+e—appr oxi mat el y

bel | - shaped charge distrifutlon of the nol ecul ar ions.
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charge distribution: M+ nX formula 1: m =n

formula 4: M =n(m, - X)

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

calculated peaks.

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

out LC/MS analyses of antibodies.



M+ (n-I)X formula 2. m2 = (n - 1) Xin this

connection is the mass of the charge carrier i.e. X =
wa@2qopmaseie positive node) for the addition of BCPER200$(010800

and X = - 1 (in the negative node) for the subtraction

of a proton. The value of n _¢an be cal cul ated by

solving the variable n and equating fornulae 1 and 2:

n2 - X formula 3: n =n2 - m The nol ecul ar wei ght of

t he nol ecul ar ion can be cal cul ated by solving fornul a
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previ sllgC E‘Bgﬁbetﬁﬁaﬁ’ie&é’ﬁ‘dﬁguﬂfi&?émlgﬁ gy usi ng a
nmet hod according to the present invention. It was al so
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i nventi oriii) sredludidighgehtf or detecting anti bodi es and
anti body fragnents and nodified forns of antibodies in
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provided under a).

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

antibody fragments.

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

cysteine protease to the antibody molecules (including the antibody fragment



1) an 1gG specific cysteine protease, ii) a
gl ycosidase iii) a reducing agent, c) analysing the
w@ asphgo2rsicubat ed under b) by neans of a coupl BGI/EPZPO$/€i10800
chr omat ogr aphy and mass spectronetry to detect the
intact antibody and to detect,.fragments of the
anti body contained in the solution provided under a).
The provi ded sanple can, for exanple, be a solution
contai ning the antibody, such as a reconstituted
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t‘HE Waﬁgbﬁ Gfl qmsmwb iy dlegvesl fom \pieeptarayres qlisetus. In
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rotease to e es nc
Sl Pl ot R PR o oS et S ylrolas
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EC 3.2.1.18 or EC 3.2.1.97. In a further embodiment the glycosidase has the amino
acid sequence SEQ ID NO: 2.

It is advantageous to firstly incubate the provided sample with the IgG-specific

cysteine protease and subsequently to treat it with the glycosidase.

In the third step the disulfide bridges are cleaved by adding a reducing agent and
preferably by adding trichloroethyl phosphate (TCEP). In one embodiment formic

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

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

ionization-time-of-flight mass spectrometry (ESI-TOF). In one embodiment the
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spectrum that is obtained. The amount of enzyme used for the antibody digestion
should be as small as possible in order to avoid this. At the same time it must be
ensured that the antibody molecule is completely cleaved after the digestion. In
order to additionally achieve the highest possible sample throughput and to
optimize the experimental time course, the incubation period should be shortened
while ensuring a complete digestion. The results of the gel electrophoretic
separation of the digestion preparations (cf. figure 7) showed that two main bands
(at about 100 kDa and about 25 kDa) which correspond to the expected products of
IdeS cleavage were formed under all digestion conditions. The larger main band

with a molecular weight of about 100 kDa corresponds to the expected “Fab part of
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4. deglycosylation with subsequent IdeS digestion and reduction of the
antibody.

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

of the LC/MS measurement and make the analysis more difficult.

It has now surprisingly turned out that the IdeS-digested, deglycosylated, reduced
sample preparation is preferable to the deglycosylated, reduced sample preparation

because smaller antibody fragments are obtained which have a positive effect on the
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highest possible plate numbers. In addition it should be borne in mind that
antibodies are very large molecules. Consequently the pore size of the matrix
particles also plays a decisive role when selecting a suitable column. The larger the
pores of a matrix particle, the easier it is for antibody components to diffuse into

the pores which improves the separation.

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

of the various antibody fragments. In contrast the Pursuit diphenyl column showed
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Figure 2: Deamidation of asparagine and isomerization to aspartate; route I
is preferred under basic conditions (pH > 8), route II is preferred
under acid conditions (pH < 5).
Figure 3: Schematic representation of the IdeS digestion of IgG1 antibodies.

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

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

lane 1- sample buffer;
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2 — molecular weight standard — molecular weight standard;
3 — standard — standard;

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

8 —1:1250, 0.5 h — 1:1250, 2.0 h;
9-1:50,1.0h-1:125,5.0 h;

10-1:125,1.0 h—1:125, 5.0 h;

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

12 — sample buffer — sample buffer.



WD 2005/ 094376 and WD 2007/ 115814. Description of the
figures: Figure 1. Oxidation reaction of nethionine
w@ 2009081278 r ypt ophane (b) as an exanpl e (see e.PBCT/EP2008/010800

Taylor, S., et al., J. Biol. Chem 278 (2003)
19587-19590) . Figure 2: Deamdation of asparagine and
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basic conditions (pH > 8), route Il is preferred under
acid conditions (pH < 5). Figure 3: Schenmatic
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anti body (- 800€}sedridrantibaddy ed;th¢ Bursuig Diphamyl Golaynr(. 30
days/ 4000C), non reduced; lane 7 - sanple buffer; |ane
8 - standard, reduced; lane 9 - antibody (-8000
reduced; lane 10 - antibody (30 days/40C), reduced,
| Bxemnple ] sanpl e buffer; lane 12 - sanple buffer.

RvdtrRl #nd Meeidddy of the SEC chronat ograns of the
stressed (1: 40 0C, 30 d) and of the non-stressed

tibo 2. .-.80 0C d.,of the pl buf fer . (3).
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steps.
Heat stress

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

Dialysis

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

solution.

Table 1:Dialysis scheme for rebuffering the antibody solution

volumegialysis butfer [L] | time [h] | temperature [°C]

1.5 3 8
1.5 15 8
1.5 3 8




solution and the placebo buffer solution (3) incubated

at 400C. Figure 7: Separation of the anti body digested
wawndaobostesS at various ratios of enzyme to antiBCOEP2008/010800

(1: 50 - 1:1250) and various incubation periods (0.5 h

- 5h): lane nunber - gel A -_gsLB: 1- sanple buffer -

sanple buffer; 2 - nolecul ar 'wei ght standard -

nol ecul ar wei ght standard; 3 - standard - standard; 4

- undi gested anti body - undi gested anti body; 5 -

SRHR! &)ﬂ?{bltztfi(ﬁ{ of tﬁ@ﬂ'ﬁlg@isbbﬁef BitibdAly-sohitid, whs Erahsferrdd Hom the
2.0 h - 1:125, 0. 9-1:125, 2. '8-1:12t5, .
3l {-Lyzer 15Tiesints g, 5 gnl repcg vEssg.(The yolyis St alysed
Iatibody kaﬁtioﬁ.\Oashdeterlnii;%,by&wéigﬂﬁhg Th an hhalP66s] bhlaBed (AT261
: 5. Y -, sanple buffer - sanple
é%%%égﬁﬁfdﬁfgk§&%5§8ilays of the elution profiles of

the.stressed and non-stressed anti bodies on the
Jupiiledtrgi@ st andard col uim (A) and the Pursuit
di phenyl colum (B). Figure 9: Overlays of the elution

PA @4y {}ﬁsdﬁiysﬁh&esﬁﬁtﬁﬁ?dscﬂgﬂo@%sn&&ﬂiz@@ﬂ%ﬁ@il&%on through a
ant 1 .body on the Pg@éwlt Di pEenyL ?ol m a e 1l ..
NYisarbpingls $yRRES PrieHBn ORYAYS M%Ehlwoager el gnditions.
tTie Qiiing feNthe deferfihdtionnfalié agddyrconsertrdtiondias also carried
&gﬁoggiqant anﬁib&%édqﬁ the 1gd@ type. This anti body

VB P Y EEH R & and purified by affinity
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sPetpamineaitian of theagtibody concentration

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

SDS PAGE

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

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

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

water.



About 22 ng of the 1g@ antibody was rebuffered by
dialysis ina 10 mM Tris/HO buffer (pH 8.5). A
w@orowign7of the rebuffered anti body sol uti on WeSI/EP2008/010800
i ncubated at 400C for 30 days. The other portion was
frozen at -800C as a control ,,D alysis For the
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transferred to a slide A-Lyzer dialysis cassette
(capacity: 0.5 - 3 m, nolecular weight exclusion
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(Goebel Conpany). The extinction coefficient of the
droritho daducingt Sa 8 AGSiette watibody solutions were also diluted with 10 mM

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

reference.
Size exclusion chromatography (SEC)

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

components of the antibody solutions according to size. The separation was carried
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Medcenter) for 30 days at 40°C. The subsequent procedure was carried out as for

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

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

corresponds to the intact antibody consisting of two heavy chains (HC) and two
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Two bands which appear to be of particular interest for analysis by means of LC/MS
occur in the region of about 21 kDa (cf. lane 6). This is a non-covalent Fab
fragment in which the HC Fab fragment (AA 1-220) and the LC are not kept
together by a disulfide bridge but rather by non-covalent interactions (ionic
interactions, hydrogen bonds, dipole-dipole interactions, van-der-Waals forces).
Since the samples are applied to the gel under denaturing conditions, HC Fab and
LC appear as single bands in the gel (cf. lane 6). In this connection the upper band
in the gel is LC (LC*) and the lower band is the HC Fab fragment (Cohen, S.L., et
al.,, J. Am. Chem. Soc., 129 (2007) 6976-6977). The remaining antibody which is
composed of the second Fab fragment and of the Fc fragment can be allocated to
the band which occurs at a weak intensity in the region of 97 kDa and 116 kDa (cf.
lane 6).

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

aggregates (cf. lane 8 and 9).

The antibody solution incubated at 40°C shows the same band pattern as the non-
incubated antibody solution (cf. lane 10). The two bands which can be allocated to
the non-reducible species in the case of the non-stressed sample do not occur with a
very much greater intensity in the stressed sample (cf. lane 10). In addition to the

already mentioned species (HC, LC and the two covalent, non-reducible bands) a



divided into 10 m aliquots and stored at -800C. These

served as the zero point control. After 30 days the
wW@bkioge23s subj ected to the heat stress were reP@I/EP2008/010800

fromthe incubator and exam ned visually for

infestation with mcroorganisgs. The renoved aliquots

were pooled in a reaction vessel in order to obtain a

honogeneous, stressed anal ytical solution. The

honogeni zation was carried out by carefully mxing the

a bbr@ﬁ‘)beS @f h’ddlﬁﬂnzﬂ M@Rdm)d%hﬁ e randekdfabduedd leIDa to TG’(EkDa in

enl soI i on _was vi.ded
arﬁrq% 45 Aty SHUBR. it aFoFedickt ool Sefipefes, non-
| reduidible spnfcmmhdgnagpia;ttsaufaihmdsceslppemcsdnﬁeim 10about 22
ng antibody (¢ = 14.6 ng-m 1) was rebuffered in a 10

A Tlgagﬁiijmhe e f%g&éleg %éﬁe)rggé:js% e&b@ﬁﬁﬂedghl_lr?é r#(‘: ggygé&ﬁqﬂbout
fodd ety kDe ranédmn:hl 6an ba allpereed toothehalframtibady i efy particular

QHfélré’s§ﬁ§r thB it/p[tssa%ﬁwﬁ’g TRAReESitPbf tHEbAM inbREYes significantly as
sol utio resul fronrstorage at QOC € not

taoreelﬂaﬂgfé\g RaybERE ghher BTeRBIiB R iy Barg] 1S 1o g due to
thle f&mahanmmlbsﬂubﬂpebhﬁ f'[&ﬁs sp%tles is adalflanzibadybiyrolecule with an

t 21%1 :gg %f :?gq?]ea Iwgl c? eonnqql ﬁn gqueralgj ? disulfide
fhrrngd)Ldalspﬁl@tb}A@O@n ﬂ'dd@crblﬁosl’eqﬁbm bpdgﬁc Ebese Gabset al., Anal.
q%&%heg(gﬁknqg gggébhe anti body sol ution. Analysis of

eat- 1nNcu ate solutlon by gel el ectrophoresis
The result of the gel ectrophoretic_separation of

lréﬁlﬁqfrsbebeqtﬂwﬁ)&feéoro uodycmeans A SEfed at -800C i s

shovvn in figure 4. The incubation at 400C results in
tSh& dxelulidhi dhﬂorﬁﬁto@@lh?gﬂ&E@}Sgl&& aItEJ)\rer‘aS\Ar@ﬁ tie fagimmarids obftress-

ﬁueeﬁ Cé[ﬁg eégnagx:%l%%greg tg:ss anp ggé d %%rl%(li] 8uli under nﬁt%e co(r]:rdltlons,
p@tvalemtmso{fellaas riogﬁovnhhe egdregatesfare Hetneed nathsi: asl)alyalndlelrorder to
B uceo@rge&%d bét'w%&% thd *r&rrmrdﬁ Q?HE’%{QS’M&&S Rﬂﬁil%tst $hd the

e I ntact ar; I'b y consi st ng of eavy C
(iPybagiag atvi) ﬁgrﬁlre eﬁarsﬁgsse@eympl%wa&br Vo HOBEhak R is also

heaFe&NinfadditRInt to HREIMtr SRAGNEB oM QstEtiGH.r uct ure has not
been conpl eter preserved These bands are the 2HC/ LC

(Sfp';@:rlﬁgs,hvr\ﬁ?l gtpl? Ir%sg S%E}tao %ﬁ_@acebﬁ) ! er s]g)ﬂmon 1nc%l%ated at
c9aCntheLa@yibody mduba@déhtal@&(l Bnd the antibody stored at 80°C 50 pl or
50 ug antibody were applied in each case for the analysis. The results of the analysis
of the molecular weight standard served as a reference for determining the
molecular weight sizes of the components of the antibody solutions. They are listed
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peaks which occur.



This typical band pattern is also basically seen in
t he non-reduced anti body sanple incubated at 400C (cf.
wo 2000/08)278 The mai n band is again the intact aneChaHE300§/210800

HC/ 2LC). In addition bands occur for the various
non-intact antibody species_(ZHC/ LC, HC/LC, HC, LC) at

a higher intensity than the anti body sanple stored at
-800C. In addition further bands are formed in the
stressed sanple in the range from about 90 kDa to >

201k Evakiatioh 3R theBSEC fbb ehesstreiedandith€ Row st tsedontibvdy
the mai n band are anti body fragments and those above

the nai 7 band are ag)regates 0 Rahider IYhen| appear

to be of nt&‘.& akor %w aasle%mlay rieHrenelecular
LC/ M5 0 ﬁ%’%@ eesregl %l cf .welightepecies
6). Thig gﬂqe fe.b lglh ch(RThi9-20
HC Fab fir % the LC are not keptmin)

t oget herl by™¥"di ulflde b | ge but ra %% (%)
hon-covalent |nf clilians (lr\nlr\ —nt oflr\ne

M&p%er bondk19 di poll e- di%fﬁlp interacticons, 1.00
VAOPCAEY {vaal ,h9r ces). Simce the| sanpiess are pappl i £d2
todeffe gel under depnaturing conditions, HC Eab and 1C

appear as single bands in the gel (cf. lane 6). In
thi s connection the upper band in the geI IS LC (LC*)

iabtle§+l£e§V\ﬁsotk)t%re]IOSthe b Fab u.. -. E , : ight

The remai ni ng anti body whi ethndadcon'posed of the second
Fab fragnent and of the Fc fragnent can be all ocated

to t he band V\/nl ch occiirs a eakretéttmtithy | n the
regi on of PPbREACEIN 11@Sk[ﬂ)a(]cf. | angnf®). The main

bands it BO@ R | P UgHET T[educingygonartrons are
thehav%f&%%@mﬂneugg LIdIII\LLl,)58\LI. fane 8, 9
and 10y—°r RO o thg twormain LigISUb I.WU

V.
f ur t her—bards—oceur—p—the-non=st+ress antibod

) oglobin Y7 9 dy
sanpl es—n—ﬂﬂ%é +ahge—pet vf@—abﬁu%g%g-éa—aﬁd—lzo k Da
V\A t h a | n\l\ﬂ amln ei f e ThHAac o Alr o r\r\\l’\zlhhf

L= TOoOVvV X

e ¢l etere phifie a@t@e etjaﬁsed; arftéfadyl spemes&omtht@)mtlil’ﬂ& results of the

gggﬁn% PR@% %‘Rl %‘et,suf%%1 Rf &%%%%t angﬁit t@lgtc;%%%g gﬁz @e%ﬂ?ormed and

e noni nc
(that th|e an‘echt)')has Phen dmadsémmﬁh@mcelmqﬂe(c&ﬁlgwé ed to
t he non-reduci bl e species in the case of the

e tﬁﬁ[@% {%des%ﬁ]f?'aere‘i'&tﬂﬁt tiffeCoN %B’Mut hsa- WSYSYHHMCWhlch can be
1a(r§§elgneﬁ]toatga ilelfr{?‘%}fﬁmflboil)h gcr%ztisrese glsl’rei‘ng alangcu%aglon at 4(5%& from about
96 % to 72 % of the total area (cf. table 3). The retention time of the main species

(RT 15 - 16.5 min) corresponds to a molecular weight of about 150 kDa based on
the molecular weight standard (cf. table 4). The aggregates with a molecular weight
of > 158 kDa (cf. table 4) elute in a time window of about 12 - 14.5 minutes. The
peak with this elution time increases as a result of the incubation at 40°C from
about 3 % to about 12 % of the total area (cf. table 3). A clear shoulder forms in the
decreasing region of the peak of the main species (RT about 16.5 — 18 min.) in the
elution profile of the stressed antibody which has an area proportion of about 11 %
and which does not occur to this extent in the antibody solution stored at -80°C
(cf. figure 5). The antibody species which elute in the region of the shoulder have a
molecular weight of about 70 kDa to 120 kDa (cf. table 4). These are species sur™
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during the incubation at 400C from about 96 %to 72 %

OA Johﬁpah@&alofaﬁ@%ldtﬁfn ltoqtmseot?»ahe afﬂﬂiboﬂﬁr% &fre®nt 1-BORE @hd the

t he@naiegﬂg‘%g ﬁtat %&:Caéms t%t%toa ngﬁl% %egh ﬁp(ﬁﬁége 1n?o ﬁle acidic

nﬁhhg@uh:&fnd\a&l@h{ thetiatudbaridn (f figurals).eI'his thelingensity of the peak of

gr egli;sg&re\ém(reten%om%rgg 'ﬁlIaab b?h?S ?%lnz }ga? gal}l( P%ﬂlq(gcfated to the
nnnmsrt estAbO'ﬁyeiepeaicd\MIgmﬁtmﬂs' fmrmab@mt lj Yetoj abone 4 Usohhe total
aag@f ?&i‘ t%blng) tv!;}ﬁﬁéa'g Ql&@fﬁ'{érﬂﬁy aF tl‘l%%gg-i(s ih PHe ?é?(ﬂk'?ar% %ﬂﬁé elution

total area

shiefileddT For 8 mig) iaeased ﬁléaléicwgt'w (é@qré%e <§’f0“? ﬁ'éO%eSa% tgrabout
tHeodf the IPQELRS). (TRE sfhbﬁldlter %i& is sdeh il the bakid rirl'g% of the non-

el uti rofile of t nt| d ich
cvisssed ubecy onmite (85,0 119 da) BHe et SHRRe B g dne the
tmcﬁlhitﬁ)n&)ttm (ich fighe @ntn he(ﬂhyn Sbé sidubdersinathedcidic part of the

maltnhgéa?(f &R hgur %IZﬁx)mn Tnx%r%nés ﬁoWe%ﬂﬁgbeﬁlemkec Iaf ‘ﬁuﬁts&essed

I on~of hou ave a ecul ar
oefntéobdmsoluuom@ this chOtheRaeq igkreasesthtam ahpoutthéste aéaoet 17 % of

Ztﬂr@n‘fgtgﬁaéy (ckt tlaglel"jé}g\ r?a bR of thHelu&bn lﬁaﬁl'e e ?iaee[ﬁaé@bb tbuffer
Anpehas 4}9e‘gk‘"ﬁh§ aa'aﬁltecr@gahtvnge@waéqd o} 4 Hiei gt v peaks

todeBr &fa RBAGS thY incuBBtich Bf theuffr.can be al |l ocated a
nol ecul ar vvei ght between about 20 kDa and 40 kDa (cf.

t abl 4 HC [

55 s PRI L = s S o o
edrm'tbedy rar¢ hnsealkyl meinky ndevio dérinydpiéak réaqtoradasdeamidations an
aﬁ‘ﬁ{ﬁl o I%Lp;ilrgzraeé%g‘fg 'b?cﬁklﬁzafc?(?l %cgfpcgiﬂ&gtr }%‘?ﬁhg?ém %fdditional
emqganwl}grgﬁ infethermelgeulp| Brestsenlbaf therl 1B cbrayanioarag shows that

%Qla‘dﬂdﬂls the otk ichathes SDEHAkgehvE BECRAEY adigh!@&cee as a result

S occur as a result of the
‘ﬁgﬂ% @ﬁ‘od’fattﬁ ‘buf fer. Analysis of the heat-

i ncubat ed sol ution by nmeans of |IEC I on exchange
chammmgraphy (IEC) is suitable for detecting changes

?QE,?{(?Q@H\QF{@M% 8igdtfori © modi fications of the

ecul

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

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

addition to the digestion solution.



In order to be able to identify stress-rel ated changes
in the anti body, the nonstressed anti body stored at
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Example 4

Comparison of different sample preparation methods

Only reduced:

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

0.5 % (v/v). The solution obtained was centrifuged (Minispin, Eppendorf) for



negative charge into the nolecule. The result of the
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result of the incubation at 400C. Exanple 3
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Example 5
LC-MS analytical method

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

IdeS digestion

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

The reduction was carried out after the IdeS digestion and deglycosylation by
adding 60 pl TCEP (trichloroethyl phosphate; 0.5 M in H,O). Subsequently the
mixture was diluted with formic acid (1 %, v/v) at a ratio of 1:2 (v/v) so that a
concentration of 0.16 mg-ml' was obtained for the antibody in the reduction
solution. The concentration of TCEP was 0.1 M, the proportion of formic acid in
the solution was 0.5 % (w/v). The incubation was carried out in the presence of
both formic acid and TCEP for 10 min at 70°C. Subsequently the antibody solution
that was obtained was centrifuged for 2 min at 13400 rpm (Minispin, Eppendorf).
The supernatant was carefully removed by pipette and transferred to an analytical
tube. 13 pl (2 pg) antibody was applied to the column in the LC/MS experiment
(figure 9).
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The eluted sample components were detected with the aid of a UV-detector at a
wavelength of 280 nm. For the online TOF mass analysis, the HPLC system was
coupled to a micromass LCT mass spectrometer (Waters, Eschborn). A blank value

was recorded by injecting 10 pl eluant A.

Mass spectrometric analysis

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

2000 amu (atomic mass units) in the positive mode (ES*) at a cone temperature of
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mass accuracy was ~ 100 ppm. The data were evaluated with the aid of the Mass

Lynx 4.0 data recording software.

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

Jupiter C18 column

As with the Jupiter C18 column, the Pursuit diphenyl column only enabled a partial
separation of the oxidized HC-Fc species (23778 Da) in a preshoulder of peak 1 (cf.
figure 8). Also no improvement of the separation was achieved for the
pyroglutamate species of the light chain of the antibody. It eluted in the Jupiter C18
column as well as in the Pursuit diphenyl column in peak 3a with a comparable
resolution. The HC-Fab fragment (amino acids (AA) 1-220) also co-eluted in the
two columns with the intact HC-Fab species in the last peak of the elution profile.

Thus it was also not possible to separate this fragment in a discrete peak in the
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has been separated from the remaining antibody molecule by reduction during the

course of sample preparation.

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

which indicates a better separation performance of the Pursuit diphenyl column.
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3. Method according to claim 1, characterized in that the IgG-specific cysteine
protease has the amino acid sequence SEQ ID NO: 1.

4. Method according to one of the previous claims, characterized in that the

incubation with the IgG-specific cysteine protease takes place in a pH range

between pH 5.5 and 8.5.

5. Method according to claim 4, characterized in that the pH range is between
pH 6.5 and 8.5.

6. Method according to claim 5, characterized in that the pH range is between

7.0 and 8.0.
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14.  Method according to one of the previous claims, characterized that step b)-iii) is

iii) a reducing agent and formic acid.

15.  Method according to one of the previous claims, characterized in that the reducing

agent is trichloroethyl phosphate.

16.  Method according to one of the previous claims, characterized in that the liquid

chromatography is a reverse phase liquid chromatography.

17.  Method according to claim 16, characterized that the reverse phase chromatography

employs a chromatography material with C8 or C18 residues.

18.  Method according to one of the claims 1 to 14, characterized in that the liquid
chromatography is a hydrophobic interaction chromatography.

19.  Method according to claim 18, characterized in that the hydrophobic interaction

chromatography employs a chromatography material with diphenyl residues.
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b) incubating the sample provided under a) with

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

iii) a reducing agent,

¢) analysing the sample incubated under b) by means of a hydrophobic interaction

chromatography and thereby detecting modified antibody forms in the sample.
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