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25  Recently a technology for recombinant production of highly specific polycional antibodies
suitable for prophylactic and therapeutic administration has been developed (WO
2004/061104). The recombinant polyclonal antibody (rpAb) can be purified from a production
bioreactor as a single preparation without separate handling, manufacturing, purification, or
characterization of the individual members constituting the recombinant polyclonal protein.

30 However, such a production strategy requires a pracedure for verifying the identity and
demonstrating consistent production of the complex mixture of antibody molecules over time,

Further, a polyclonal antibody produced industriaily using recombinant technology will have
to be characterized to a certain degree in order to cbiain approval as an investigative or
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Homologous protein compositions such as a recombinant polyclonal antibody or a
recombinant polyclonal T cell receptor (TcR) are comprised of variant proteins with very
similar physico-chemical properties. This Is an advantage when purifying a recombinantly

30 produced polyclonal protein, since the purification can be performed as if it was a single
protein, without the loss of diversity during the process. This similarity, however, provides a
challenge when characterizing the relative distribution of the individual members of a
polyclonal protein, because the similarity in the physico-chemical properties makes it difficult

to distinguish one Individual member from the other.
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The term “anti-idiotype peptide” refers to a specific peptide-ligand, which is capable of
associating specifically and thus identifying an individual protein member within a mixture of
homologous proteins. Preferably, an anti-idiotype peptide of the present invention binds
specifically to an individual member of a polycional antibody or a polyciona! TcR. The anti-
30 idiotype peptides of the present invention are preferably directed against the antigen-specific
part of the sequence of an individual antibody or an individual T cell receptor. An anti-
idiotype peptide may, however, also show specificity towards a defined sub-population of

individual members.

The term ““bulk” N-terminal sequencing” refers to N-terminal protein sequencing of a sample
35  comprising a number of variant homologous protein molecules, e.g. a polycional protein. This
bulk sequencing provides sequence information of all the different proteins present within the



The term "clonal diversity" or "polyclonality" refers to the variability or
diversity of a polyclonal protein, the nucleic acid sequences encoding it,
or the polyclonal cell line producing 10 it. The variability is
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30 The terms “an individual member” or “a distinct member” denote a protein molecule of a
protein composition comprising different, but homologous protetn molecules, such as a
polycional protein, where the individual protein molecule is homologous to the other
molecules of the composition, but also contains one or more stretches of polypeptide
sequence, which Is characterized by differences in the amino acid sequence between the

35 individual members of the polyclonal protein, also termed a variable region. For example in a

polyclonal antibody comprised of Abl to Ab50, all the proteins with the sequence of Ab1 will
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"pol ycl onal master cell 10 bank (pMcB)", and "pol ycl onal working cell bank
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encodes one nenber of the reconbi nant polyclonal protein 15 of interest,
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30 common feature such as the shared binding activity towards a desired target, e.g. in the case

of a polyclonal antibody against the desired target antigen. A recombinant polyclonal protein
is generally composed of such a defined subset of molecules, where the sequence of each
member is known. Only in rare cases may a recombinant poiycional protein resemble a
serum-derived immunoglobulin in the sense that the recombinant polyclonal protein also

35  contains a significant proportion of non-target-specific proteins.

The term “polycional T cell receptor (TcR)” describes a composition of different TcR molecules
which is capabie of binding to or reacting with several different specific antigenic
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Fig. 1: Catlon-exchange chromatograms of anti-RhD recombinant polyclonal antibody (anti-
RhD rpAb) composition from aliquots 3948 and 3949 after 9 weeks cultivation. The lower

25 diagram corresponds to aliquot 3949 and the upper one to aliquot 3948. The Y-axis of the top
diagram has been displaced in order to separate it from the lower diagram. Peaks A - ]
comprise antibodies differing in net charge and individual antibodies appearing charge

heterogeneous.

Fig. 2: Gel picture showing HinfI RFLP analysis on RT-PCR product derived from the
30 polycional cell line aliquots 3948+ and 3949+ (FCW065) producing anti-RhD rpAb after 11
weeks of cultivation. Bands which can be assigned to specific clones are identified.

Fig. 3: T-RFLP patterns of anti-Rhesus D antibody light chains fram a polyclonat cell culture
expressing anti-RhD rpAb with eight different anti-Rhesus D antibodies. The eight different
anti-Rhesus D clones have been assigned to the peaks indicated by arrows.



Fig. 7: Cation-exchange chromatogram of an anti-RhD rpAb with twenty-five

i ndi vidual nenbers froma sanple obtained after 4 weeks cultivation. Peaks
ACl to 25 conprise antibodies differing in net charge and individual

anti bodi es appearing charge heterogeneous. 15 Fig. 8: Elution profile from
a cation-exchange chromat ography of a reconbi nant pol yclonal anti-RhD
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to RP- HPLC, in the second dinension. Fig.9: Shows an elution profile from
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pattern. Fig. 17: IEX analysis of RhD189 and the nutated G u vari ant

RNDIS9E. Fig. 11: Shows an elution profile from a strong catlon-exchange chromategraphy of an Asp-N
digest of purified LC from a recombinant polycional anti-RhD antibody with eight individual
members. The bold horizontal line indicates fractions subjected to MALDI-TOF analysls for the

25  identification of marker peptides.

Fig. 12: Shows an overlay of the OD,gp IEX chromatogram obtained on an anti-RhD rpAb with
twenty-five individua! members, with ELISA data obtained from three individual ELISA
analyses using the anti-idiotype peptides PEP162, PEP202 and PEP305. The ELISA analyses
were performed on each fraction obtained by the ion-exchange chromatography. The ELISA

30 data are normalized to % of total OD in order to make the three ELISA assays with PEP162,
PEP202 and PEP305, respectively, cormparable to each other.



Fig. 18: Binding activity of Gu variant RhD189E, and its native
counterpart RhD189. Binding of the antibodies to RhD positive erythrocytes
~was neasured by FACS and the nean 20 fluorescence intensity (MFl) Is shown
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of said proteins or their encoding sequences, said procedure conprising
anal yzi ng algigluet sin@hg Saividy sREpvetanb RhDLR9Epandritsmativerrayriernp R 82 (84 Bat i on
t echni ques gRKOENBYAIQNS RAD-PIBIEIR: Gomedcyts aasinpseseddfy FATS apd theahean encodi ng
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characterization plattormis 15 conprised of a nunber of analytic

t echni ques sel ected from profej rization techniques as well as
genetic anal‘i’E@%’-_ED'l‘?"r:ég'?IPFﬁ)é“ éﬁ%cfkhu\r%él cﬁar acterization platformcan be
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25 lines producing such proteins. The characterization platform can be used to assess different
aspects during a production or purification process or during long term storage of a
compuosition comprising different homologous proteins. Preferably, the characterization
platform of the present invention is used for one of the following purposes i) to determine the
relative representation of the individual members or some of the individual members in
30 relation to each other within a single sample, Ii) to assess the relative proportion of one or
more individual members In different samples for determination of the batch-to-batch
consistency, and ili) to evaluate the actual proportion of one or more individual members.
Optionally, this may be compared with the library of vectors originally used to generate the
polycional manufacturing cell line. The characterization platform is particularly useful in
35  monitoring the clonal diversity of a polycional cell line and/or the representation of individual
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anal yti cal tc arac er ori tedherp%rcl. a'nQ%n&Her"!?\ ﬁ(ﬁc technique is a genetic analysis.

The genetic analyses refer to techniques such as restriction fragment length polymorphism
30  (RFLP) analysis, terminal-RFLP (T-RFLP), microarray analysis, quantitative PCR such as real-
time PCR, and nucleic acid sequencing.

The protein characterization technigues refer to techniques generally used within the field of
proteamics for characterizing unknown proteins such as i) chromatographic analyses which
separate proteins according to physico-chemical properties, i) analysis of proteolytic

35  digestions of the homologous proteins, iii) “bulk” N-terminal sequencing, and iv}) analysis

using specific detector molecules for the homologous proteins.
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PCR such as real-time PC
30 sequences obtained from the manufacturing cell line. Alternatively,
to dernonstrate the diversity of the polyclonat cell line. The nucleic acid
d from a

be used qualitatively
sequences encoding the polycional protein can be monitored on samples obtaine

single polyclonal cell culture at different time points during the cultivation thereby monitoring

the relative proportions of the Individual encoding sequences throughout the production run
35  to assess its compositional stability. Alternatively, the nucleic acid sequences encoding the
polyclonal protein can be monitored on samples obtained from different polycional cell
cultures at a particular time point thereby monitoring the relative proportions of the

individual encoding sequences in different batches to assess batch-to-batch variation.
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the polyclonal manufacturing cell line. Aiternatively, the fragments which cannot be

30 separated according to size may be sequenced in order to asses the distribution of all the

individual encoding sequences.

Oligonucletide microarray analysis

Oligonucieotide microarrays, such as DNA chips, can be used to measure genomic DNA levels
or mRNA levels in a polyclonal cell line by measuring hybridization of labeled DNA generated
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| abel ed prinmers or nucleotides. Suitable |abels may provide signals

det ect abl e iy, 3Q Ll BRI BSSFREE attdcAed BACIIY birface (RI0PE] el 1994. NudigyAcids
diffraction, or absgég%érsg magneti smor enzymatic activity and include,
'S,

for exanpl kest g7 chronmophor es, radi oactive isotopes
(particularly 32 p, 33P, 355 and 1251) | ect ron-dense a nmes,
and | i gandsThemsaneneRrsqibes 9 @Uﬁﬁeﬁﬁﬁﬂﬁedﬁgwgﬁ%?“f"ceﬁlreé?'eesre anry '\% &EEHJT‘ %&o%o% ore is
used as | ahﬁbectééhﬁl‘:e prdsent ie Heomblyeigna egliinedeither gerbed &ray tyiae!vcéﬁf@' #HtiMody
heavy and gllPEr FOALRSDIA fisthy SbE PO B |h§th350ﬁrceflbadoe¢n§:g ﬂﬁ\pglydmal (an
ranscrlplon prim s an
region 3' t&nR 0{73‘?’1588%%’"%@“8 ZP?Q% " 'g'g‘%tg)errﬁe ?r'o&%%atn? éégrea o%{r%w
synt hesi s |sslrfp¢ee‘isrmhadslgjpss,w¢asttmm@ﬁimafﬂ¥r piathie P dHIIR 7iTa8E R Ef@ > isupedIhls | ever se
transcript '@ﬂaﬂu?edf;@ﬂol' ARG Ring B, ascayS Bhieresnabizing Qmobjetopﬁllcﬂblﬂ'@ eapressingpl i ed

o o g e TR b Y

rrners re
i denti ctl gareftlly derimupes 0“9@3"‘{5"50“5’3 QJ‘PﬁeF e %H“#eét?cg‘ﬁosg rhyg 'ﬁ% §'°" Enﬁgerﬁ
pept i de- encipdiphge 3RM WBBIEE IDRderived frse dhe Athalonglents Bne. SHAY BIPLEIFS d%?@ﬁ%

primers can, b ELUOFERGRRLL K aQshatk Qbioh 8AakA] sBusheathdiomremys e used i n
C

this approa ro n he

ni croarray 29eme the ppkkrlp H’éau BV“”WlJ F'Eﬁ [Qlorcgr eﬁ%&% Ed&’f[ ?Pé’l{eggr s to the
i mobi | i zedineividgs meviteot the solurietal Prodieti Fior B! °d'6§ﬁ*‘FﬁP?€H‘9F8ﬁ‘”eP?ﬁﬁ/ i se and
high s p?' f hmariPaatn in Ald QjR a@@@m Ah tRatdheaidetiee ohydiabitiye thedimBeegion. s

measured and the nt o S t hid tati ve PCR 10
poR ot hods HRETS ol ity BEETL IFESAHE AL IS Bon S

rovi de both de gtotmé)wduaa?]
quanti fi cat lenm@feot'%w@%ﬂéﬁz?" ebes SRR “r?”li"%%?ﬁfﬂ”é N §RE"?
H guchi, R metnbats corhPad |d41hﬁ®bllydoncheiithee,l"ﬁm|h©g5/asli19h q@%ﬁﬁl@f@ﬁfsmﬂé'ﬂtr/é‘hd
P.M et al. %%e #h%grs‘%% poZﬂ@ O%g%pmoké Mdkes sBedﬁc f6it eackvariabR3egibtClanMet hods

l. 4, 35 ese net hods e 0 n in
éfgndar g0 PO’?eﬁl s standargizabng P ResR n'? tb%gybrh ll,lchg W& gg&%'\égg !ﬁ%he[)&hg@ﬁtsre%[aé

hybri di ze t may bhe udds. Thechrebeas e githepppatiad diseqtly OBéh%ﬁ‘ﬁfPFq ‘r'séE‘I for g lybEAERYM onal
nucl ei ¢ aci g, SAHISAGEN sft@am sarfadel(Pdee et alhydeni PASEEL: 150225928, BinoimGe$sob he

nucl ei c aC|d t t he portions that hybridize to the
two priners® sﬁﬁqﬁr eEI'Ot qﬁ E?s%ﬁ&as way that each successive PCR cycle

causes a chan e in the probe or its la rits
Caber ” caus cEhEBrmpIA p b snanzelin BT e by Ry ENTRHEohd chlBoRbRita, |
rel at edz250 plepamundeaomiafDNeG thitd) iRpAF mPHPifeasn Bie cellfe WheEN HFiRA Qq‘"P‘é‘& Drﬂj’\:tf"%l c acid

during each |a%9l?ngq5}’8t!at§%ned3élﬁx|ar Hﬁﬁi}mltaﬁtmagaw bthéiy of Bbeted eutldotdeasn 4 PERI -

E;Wgongl(]r?l ngrglphfe:at?on OC% the reFezant encc}{:h %%qu%nge%t fakd Qinhtd! RRA 8ARRRA #RCR product
possible to obtain labeled cDNA by reverse transcription either alone or combined with a PCR

step using labeled primers or nucleotides. Suitable labels may provide signals detectable by

30 fluorescence, radioactivity, colorimetry, X-ray diffraction or absorption, magnetism or
enzymatic activity and include, for example, fluorophores, chromophores, radicactive
isotopes (particularly ¥ P, P, **3 and '*I), electron-dense reagents, enzymes, and ligands
having specific binding partners. Preferably, a fluorophore is used as label. Where the
encoding sequences to be analyzed are antibody heavy and light chains first-strand ¢cDNA is

35 prepared by reverse transcription by priming with anti-sense primers situated in the constant
region 3’ to the variable region. If no additional PCR is performed the synthesis is preferably
performed with labeled nucleotides. If the reverse transcription is followed by PCR, a series of
sense primers are applied which ensure that all the families of the variable regions are



thermal cycling with | abel detection. In a particular version of the

real -time PCR the change in the probe or its label is caused by the
exonucl ease activity of the polynerase, e.g. the Tag polynerase, therefore
this technique is generally referred to as Taq or Taghan real -tinme PCR 25
(e.g. Holland, P.M et al. 1991. PNAS 88, 7276-7280). Suitable |abels my
provi de signals detectable by fluorescence, radioactivity, colorinetry, X
ray diffraction or absorption, nmagnetism3or enzynmatic activity and incl ude,
for exanple, fluorophores, chronophores, radioactive isotopes
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30 commonly, the label for the probe is a fluorescent label which provides a fluorescent output
signal. This may be achieved by providing a probe which Is double-labeled with a fluorescent
reporter dye at one end, typically the 5' end, and a quencher dye at the other, the 3, end
(e.g. Livak, K.J. et al. 1995 PCR Methods Appl. 4, 357-362). When the probe is intact, the
proximity of the quencher dye to the reporter dye suppresses the fluorescence of the reporter

35 dye. Suitable dyes are reviewed in Wilhelm, 1. and Pingoud, A., 2003. Chembiochem. 4,
1120-1128. During each PCR cycle, the 53" exonuclease activity of a DNA polymerase
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Nucleic acid sequencing
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30 Nucleic acid sequencin
arsity of a polyclonal

invention to provide qualitative information with respect to the div
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obtained from a polyclonal manufacturing cell line.



Sequenci ng on an unprocessed sanple of variant cells obtained froma
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30 protein. In this procedure a sample from a polyclonal manufacturing cell line is obtained at a
desired time point. RT-PCR is perforrhed directly on the lysed cells within the sample. The
primer set applied for the RT-PCR reaction is designed in such a way that it will be expected
to amplify all the encoding sequences with the same efficiency if the sense and anti-sense
primers hybridize to regions that are identical in all mRNAs (e.g. a sense primer in the 5’

35 untransiated region or in the signal peptide encoding sequence and an anti-sense primer in
the constant region sequence can be used). The amplified PCR fragments are cloned into a
sequencing vector and transfected into a host cell, preferably E.coli. Plasmid DNA from single
colonies representing an individual encoding sequence from the polyclonal manufacturing cell
line is sequenced, the proportion of the individua! encoding sequences obtained will reflect



nol ecul es, e.g. for characterization of sentinel protein menbers of the
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cul ture supernatant obtained froma polyclonal cell culture, e.g. in the
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derived from a cell culture supernatant obtained from a polyclonat cell culture, e.g. in the

form of a “raw” supernatant which only has been separated from cells e.g. by centrifugation,

or supernatants which have been purified, e.g. by protein A afflnity purification,

30 immunoprecipitation or gel filtration. These pre-purification steps are, however, not a part of

the characterization of the recombinant polyclona! protein since they do not provide any

separation of the different homologous proteins in the cornposition. Preferably, the sample

subjected to the characterization process of the present invention has been subjected to at

least one purification step. Most preferred are samples which comprise 90%, 95% or 99%

35  pure homologous proteins.



reconmbi nant pol ycl onal anti body has not previously been perforned. a)

| on- exchange chromat ography I n enbodi nents of the present invention

i on- exchange chromatography is used to separate individual nenbers of a
recombi nant pol ycl onal protein or a sub-popul ation of individual 30 nenbers
of a polyclonal protein. The separation by Ion-exchange chromat ography is
based on the net charge of the individual proteins in the conposition to
be separated. Depending on the pl-valued of the reconbinant polycl onal
protein, the pH values and salt concentrations of the chosen col umm
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a) Ion-exchange chromatography

in embodiments of the present invention ion-exchange chromatography is used to separate
individual members of a recombinant polycional protein or a sub-population of individual

30 members of a polyclonal protein. The separation by lon-exchange chromatography is based
on the net charge of the individual proteins in the composition to be separated. Depending on
the pl-values of the recombinant polyclonal protein, the pH values and salt concentrations of
the chosen column buffer, the individual members of the recombinant polyclonal protein can
be separated, at least to some extent, using either anion or cation-exchange

35  chromatography. For example, all the individual members of a recombinant polyclonal protein
will normally bind to a negatively charged cation-exchange media as long as the pH is well
below the lowest pI-value of the individual members of the recombinant polyclonal protein
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In further embodiments of the present invention hydrophobic interaction chromatography is
used to separate individual members of a recombinant polyclonal protein or a sub-population
30  of individual members of a polyclonal protein. The separation by hydrophobic interaction
chromatography is based on differences in hydrophobicity of the individual proteins in the
composition to be separated. The recombinantly produced polycional protein is bound to a
chromatography media modified with a hydrophobic ligand in a buffer that favors
hydrophobic interactions. This is typicaity achieved in a buffer containing a low percentage of
35 organic solvent (RP-HPLC) or in a buffer containing a fairly high concentration of a chosen
salt (HIC). The individual members of the bound recombinant polyclonal protein wili
subsequently be eluted from the column dependent of the hydropheobicity of the individual
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one epitope per colum or several different epitopes per colum, thereby
allowing for characterization of the reconbinant polyclonal 30 protein
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epitopes per column, thereby allowing for characterization of the recombinant polyclonal
30 protein mixture with respect to the distribution of individual members towards the particular
epitopes. Alternatively, the complete antigens or target molecules can be immobilized on a

chromatographic medium.

Affinity chromatography with anti-idiotype molecules (e.g. anti-idiotype peptides or anti-
idiotype antibodies) which specifically bind to individual members of a polyclonal protein or a
35 sub-population of such individual members can be performed to obtain information with
respect to the relative proportion of selected members of the recombinant polyclonal protein
(also termed sentinel proteins), or a sub-population of individual members. Ideally, each



quantification e.g. as described above. Ml tidinensional chronatography
Dependi ng on the conplexity of the variant honol ogous proteins in the
sanple to be analyzed, e.g. a reconbinant polyclonal protein, it may be
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mul tidi mensional format. It is preferred to use |iquid chromatography in
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Mult:drmens:onal chromatography

Depending on the complexity of the variant homologous proteins in the sample to be
analyzed, e.q. a recombinant polycional protein, it may be desirable to combine two or more
30  of the chromatographic techniques described above in a) to d) ina two-dimensional, three-
dimensional or multidimensional format, It is preferred to use liquid chromatography in all
the dimensions instead of two-dimensional gel electrophoresis. This does, however, not
exclude the use of gel electrophoresis or precipitation techniques in one or more dimensions

for the characterization of a recombinant polyclonal protein.

35 Liquid two-dimensional chromatography has been described in for example Lubman, D.M. et
al. 2002. 1.Chromatogr.B Analyt.Technal.Biomed.Life Sci. 782, 183-196; WO 01/58925 and
WO 01/58926. The method has been used to compare protein expression of healthy cells and
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l'i gands succeed each other. Table 1 lists up to five dinmensions, in which
chromat ogr aphi ¢ techni ques can be enployed as 30 a part of the’
characterization platformof the present invention. This should, however
not be considered as a nmandatory numberztof dinensions. If a suf ficient
separation, to characterize the reconbinant polyclonal protein, has been
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polycional antibody (serum-detived immunogiobulin or recombinant) or a mixture of
15  monoclonal antibodies. Preferably the multidimensional chromatography is liguid

chromatography.

In another embodiment of the present invention multidimensional chromatography is used in
the separation of individual T cell receptor molecules with respect to their diversity, either
from a polyclonal T cell receptor or a mixture of monoclonal T cell receptors. Preferably the

20  muitidimensional chromatography is liquid chromatography.

Generally, it is attempted to use chromatographic techniques based on different physico-

chemica! properties in the different dimensions in a multidimensional chromatography, e.g.

separation by charge in the first dimension and separation by hydophobicity In the second

dimension and affinity in the third dimension. However, some chromatographic techniques
25  can provide addltional separation when used in a subsequent dimension, even if they exploit

simifar physico-chemical properties of the protein. For example additional separation can be

obtained when chromatofocusing is followed by ion-exchange chromatography or affinity

- chromatography with different ligands succeed each other.

Table 1 lists up to five dimensions, in which chromatographic techniques can be empioyed as

30 a part of the characterization platform of the present invention. ‘This should, however, not be
considered as a mandatory number of dimensions. If a sufficient separation, to characterize
the recombinant polyclonal protein, has been obtained after one, two, three or four
dimensions, the remaining dimensions can be omitted. Hence, If sufficient separation Is
obtained with ion-exchange chromatography (IEX), it is not necessary to perform

35  chromatofocusing, RP-HPLC, and so forth. 1f on the other hand five dimensions prove
insufficient, additional dimensions can be added. Further, Table 1 should not be considered as
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pol ycl onal protein. This technique will be particularly useful to
characterize a reconbi nant 10 pol ycl onal anti body targeted agai nst conpl ex
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m xture and protein A beads. The antigens could subsequently be separated
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crossover events between variable genes of heavy and hght chains durlng transcnptlon (Wan,
M. et al. 1999. Bictechno! Bioeng. 62,485-8). These modifications are epigenetic and thus not

predictable from the genefic structure of the construct alone.

Some of these post-transiational modifications which may result in heterogeneity may be

30 dealt with prior to characterization. Charge variation arising from enzymatic removal of C-
terminal lysine can be solved by the use of specific carboxypeptidase inhibitors or treating
the antibody with carboxypeptidase to simplify the overall pattern (Perkins, M. et al. 2000.
Pharm Res. 17,1110-7). Size variation arising from differences in the glycosylation patterns,
may also be dealt with by enzymatic deglycosylation using for example PNGase F, Endo H, O-

35  Glycosidase or Neuraminidase.
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chromatography and chromatofocusing. The formation of N-terminal PyroGiu residues is
eliminated by ensuring that no polypeptide chain contains a N-terminal glutamine, e.g. by
30 changing said N-terminal glutamine residue to another amino acid. If the protein is a
heteromeric protein composed different sub-units, preferably all N-terminal Gin residues are
exchanged for other residues. For antibodies GIn residues at the N-terminal of the heavy
chain and/or the light chain are exchanged. This is done by site-directed mutagenesis of
nucleic acid sequences which encode polypeptides with an N-terminal glutamine. Preferably,
35  the N-terminal glutamine residues are replaced by glutamic acid residues, since this is the
uncharged derivative of glutamine. In a recombinant polyclonal protein, the individual

sequences encoding for the members must be changed and re-inserted into an expression



In further enbodi nents of the present invention, identification of unique
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unigue marker peptides is based on an analysis of the protein sequences constitutmg the

sample of homologous protein. Generally, the proteases or a chemical compounds shouid

cleave at defined sites in the protein with high specificity. Such cleavage-specific proteases

are well known in the art and can for example be trypsin, endo Giu-C, lysyl endopeptidase,
30  endo Arg-C, endo Asp-N or endo Asn-C. These are merely examples and should not be

considered as {imiting to this embodiment.

When a polyclonal proteln sample is digested with one or more selected proteases, a pool of
peptides originating both from the constant and the variable regions from all the individual
members will be generated. A proportion of the unique marker peptides will show differences
35  in their physico-chemical properties compared to the main population of peptides originating
from the constant regions. The unique marker peptides can therefore be isotated using one of



di mensi onal or nultidinmensional chromatography as described in a) to d) and
inthe "Miltidinmensional |iquid chromatography” section above, foll owed by
proteol ytic cleavage of the separated protein fractions. These di gests can
then be anal yzed by M5 (Kachman, MT. et 15 al. 2002. Anal.Chem 74,
1779-1791). This approach can be an advantage for characterization of very
conpl ex polyclonal proteins, since it can be applied selectively to a
proportion of the fractions obtained by #ne di nensional or multidinensiona
analysis of the Intact proteins in order to characterize these further.
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35 a compound that allow for their specific separation and the internal peptides generated after

cleavage are acetylated or blocked with a second compound.
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an antibody leads to a high resistance to proteolytic cleavage within the constant regions.
30  Thus, proteoiytic cleavage of an intact non-reduced polyclonal antibody is likely to generate

peptides primarily from the variable regions.

The proteolytic digestion techniques described above can also be applied according to the
sentine! cdncept, by selecting sentinel peptides which can be characterized within a

proteolytic digest.

a5 “Bulk” N-terminal sequencing

As described, N-terminal sequences can be isolated and used for fingerprinting & proteolytic
digest of a polycional protein. Alternatively, the N-terminal sequence can be sequenced
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anti - proteins by, i) allowing for determination of concentrations or relative proportion of one or

more individual proteins in a sample comprising a complex mixture of homologous proteins,
ii} acting as an additional dimension in chromatographic analyses, lit) allowing for

30  determination of concentrations of individual proteins in samples obtained during
fermentation of a complex mixture of homologous proteins, and iv) allowing for
determination of individual protein producing cells in a polyclonal cell line, such as a working
cell bank or a bioreactor cell sample, expressing a mixture of homologous proteins. Step iv)
can either be performed on a polyclonal cell line or on single cells distributed Into single tubes

35  from a polyclonal cell line followed by a subsequent cultivation period.

For generation of specific peptide-tigands capable of identifying Individual protein members
within a complex mixture of homologous proteins, vast libraries of filamentous phage



i diotype antibody with the desired specificity using for exanple hybridoma
technol ogy or phage display. Anti-idiotype peptides or anti-idiotype

anti bodi es shoul d be characterized with 15 respect to specificity and
potential cross-reactivity. This analysis will verify whether an anti -

i dl otype peptide or anti-idiotype anti body recognize a specific nmenber or
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30 Potentially, it is possible to generate specific detector molecules for each and every individual
member in a polyclonal protein to abtain a complete characterization. However, in order to
monitor the expression stability or batch-to-batch consistency, it is in accordance with the
present invention enough to identify a number of individuai members, so-called sentinel
proteins, within a recombinant polyclonal protein for quantitatively and/or qualitatively

35 characterization to ensure that this collection of individual protein members Is consistently
expressed and purlified in different batches of the recombinantly produced polyclonal protein.
This approach can in particular be used to simplify the characterization of a complex pool of



stability in the expression of a polyclonal protein between batches as well
as over tinme in a single production run. Further, it can assess the
conpositional stability during long term 15 storage of a reconbi nant

pol ycl onal protein or a m xture of nonoclonal proteins. In preferred

enbodi nents of the present invention, sentinel proteins of a reconbinant
pol yclonal protein are characterized by one or nore of the follow ng
techniques, i) anti- idiotype peptide/a®di body affinity chromatography, ii)
i mmunodetection with anti-idiotype peptides/antibodies, 1I11) '
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vari ant nenfEPRNG{FNI AU Stor characterization, and it is
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70. | n manyCemalednoéa mixtie af gifseant Bemolegols Piotdins f3 PF SPRREGH not exceed 60
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bet ween S andarifle tshcthaastdieedinethe Hlationn Glhe Wesers iyentinn qrmpeses 6 rigiined
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homologous proteins having different variable regions are recombinant proteins. In addition,
it is preferred that the individual members of a polyclonal protein or mixture of monoclonal
30 proteins have been defined by a common feature such as the shared binding activity towards
a desired target, e.g. in the case of antibodies or TcRs against the desired target antigen.
Typically, a polyclonal protein composition to be analyzed by the characterization platform of
the present invention comprise at least 3, 4, 5, 10, 20, 50, 100, 1000, 10% 10° or 10° distinct
variant members. Usually, no single variant member constitutes mare than 75% of the total
35  number of individual members in the polyclonal protein composition. Preferably, no individual
member exceeds more that 50%, even more preferred 25 % and most preferred 10% of the

total number of individual members in the final polyclonal composition.




conposition conprising between 50 to 10,000 di stinct variant nenbers may
need to be <characterized according to the present invention. 15 In one
enbodi ment of the present invention the sanple conprising the different
honol ogous proteins having different variable regions is a polyclonal

anti body. The pol yclonal antibody can be conposed of one or nore different
anti body isotypes, such as the human isotypes [19gGl, Ig&, 119G, |gHA,

| gAl, and 1gA2, or the nurine isotypes I§Gl, 1g&a, 1g&b, 1gG3, and I|gA
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sequences fGJTanCtﬁélZ%Cb?Fﬁ?réP@tq’F”@WFESSWGEPY%‘“?'LC) as well as the vari abI e regi on
of the heavy chains (VH) are identified by the sequence identity nunbers
(seq i d}5 shbwneiemb8@metiadiities GresenhEwentien ivetegipleoromespion detdiferns NGRRIPGOES NOs

in the pr esgﬂ%‘:elrﬁstﬁbt%‘@iﬁ’el%nﬁ Wrﬁﬁl@@édt@@@é a pipdanak anBip@dyl. Tiad pedrtional antibody

PCT/ DK2005/ DO0501 titled " N BODY
AND METHODSRH WN@EE&?EESE or m° ef" re Rtﬁ%@@%&%‘ﬁggx% e 's°§%@
Tabl e 2 rrusigf?deIQﬁZsIgiGﬁglﬂiGéh‘é!élif?Fﬁir%%%é"“§EQ5“FFI§3I\7€§V98‘F IqGie 1961 ﬁ%b 1565

appl i'cati onansigace these 5 are not identical. The constant regi on of the
heavy chains corresponds to human IgGl. Table 2 List of individual

anti - Rhby ang mqill‘&%él%hd ofthOPK@Serkl FRehtion thdieanfphd dofpiriBigy eeaiiere homblogausn 1 7

f'VH nuc ? PLC n one/pb Na a |3 q ' ti Zvi
s, i t tsef e ying ‘e%?hgé?i'af’?f%@é'sa}é %'51?&?"“. d  RhD 57 RhDL57.119D11

35 91 147 203 RhD158 Rh0158. 119606 36 92 148 204 RhD159 RhD1S9. 119609 37
93 149 205 gRhkxre9® RhD160. 119C07 38 94 150 206

In the following examples varlous anti-RhD recombinant polyclonal antibody {(anti-RhD rpAb)
compositions comprised of different individual anti-RhD antibody members or the cell lines

25  producing the anti-RhD rpAb have been used to illustrate the structural characterization
platform of the present invention. The individual anti-RhD-specific antibodies and the cell
lines producing them correspond to those described in the present assignee's Danish patent
application PA 2004 01133 filed July 20, 2004. Briefly, a combinatorial phage display library
of heavy chain variable regions and kappa/lambda light chains was generated from rhesus D-

30 negative donors immunized with RhD-positive erythrocytes. The library was panned for anti-
RhD-specific antibody producing clones. Variable heavy and light chains gene pairs from
antigen-specific phages were transferred to a mammalian expression vector. The mammalian
vectors were transfected individually into CHO Flp-In cell line (Invitrogen, CA), in a site-
specific manner using the Flp-FRT recombination system. Nucleic acid {nuc.) as well as

35  protein (a.a.} sequences for the complete light chains (LC) as well as the variable region of
the heavy chains (VH) are identified by the sequence identity numbers (seq id) shown in



RhD161 RhD161.119E09 39 95 151 207 RhD162 RhD162.119Gl2 40

RhD163 RhD163. 119A02 41 97 153 209 RhD189 RhD189. 181E07 42 gg igi 3‘28
RhD190 RhD190. 119F05 43 99 155 211 RhD191 RhD191. 119E08 44 100 156 212
RhD192 RhD192.119Q@06 45 101 157 213 RhD196 RhD196. 126H11 49 105 161 217
RhD197 RhD197. 127A08 50 106 162 218 RhD198 RHJ198. 127F10 51 107 163 219
RhD199 RhD199. 164E03 52 108 164 220 RhD201 RhD201. 164H12 54 110 166 222
RhD202 RhD202. 158E07 55 111 167 223 Rh(3?03 RhD203.179F07 56 112 168 224
RhD204 RhD204. 128A03 57 113 169 225 RhD207 RhD207. 127A11 60 116 172 228
RhD240 RhD24Bie 2538 n@r3bekd Sorfeifon@3d theFSEPIDINGRDPIRIRreSEO TS 96 SIIPtRpekigna 32

RhD244 ‘éh 5 é}n‘%géaﬁﬁﬂoﬁ p-F/ D380 880533 BittedINRR A RHENU S REAEMETASN GBOLYRLONAO 236

Rh0293 . 27 RhD301%.

RNDs05 RDoETHaRER BEridEs dguagdi oDt fidgidd i3ty osdndsds e
RhD307 RhD3Uibl2BOEL begitingished fromshe SEQ IR NOs pfihmpresem Appisatos 3% 18 254 o
RO RhD319. 18ZAtlidSHicddthel@RstamTeqitiRer tRABBR{ cAB%E08e88ndsAd haden REY. RhD324
RhD324. 231F07 90 146 202 258 33 EXAMPLE 1 The present exanple illustrates
the generat 'i'ai%lrl'é ?Lgt?of Fﬁhf%ﬁlé%ﬁh}%ﬁ)&ﬁéﬂkh QBndsQlskd InithefoliéAly examples.

characteri

on .

a chromat ogf @A v 1 ; kay P !J \?lal e
USi ng RFLP [Analyis s &rket bl sk S Hisdaid i) seang S
ant i - Rhesus| D18z onbi RBPIS7 389846 ondP_ant i hddy  pr npifdu_an_réﬁ cell i nes
each expresginpgs® di $RhcB.11ga06 b A&nt ant/iZ?Rhesus 8ant i bodlf fromla
specific sSlig@ien t hérrpgenossmg( RNB157. 119PB8B1, RhD1BE. 119B 205
RhD159. 119B08,5Eh D161 rid26Q%co7 | 38 94 150 206

RhD161 RhD161.119E09 39 95 151 207

RhD162 RhD162.119G12 | 40 96 152 208 .

RhD163 RhD163.119A02 | 41 97 153 209

RhD189 RhD189.181E07 42 98 154 210

RhD190 RhD190.119F05 43 99 155 211

RhD191 RhD191.119E08 44 100 156 212

RhD192 RhD192.119G06 | 45 101 157 213

RhD196 RhD196.126H11 | 49 105 161 217

RhD197 RhD197.127A08 50 106 162 218

RhD198 RHA198.127F10 51 107 163 219

RhD199 RhD199.164E03 52 108 164 220

RhD201 RhD201.164H12 | 54 110 166 222

RhD202 RhD202,158E07 55 111 167 223

RhD203 RhD203.179F07 56 112 168 224

RhD204 RhD204.128A03 57 113 169 225

RhD207 RhD207.127A11 60 116 172 228

RhD240 RhD240.125A09 63 119 175 231

RhD241 RhD241.119B05 64 120 176 232

RhD244 RhD244.158B10 67 123 179 235

RhD245 RhD245.164E06 68 124 180 236

RhD293 RhD293.109A09 71 127 183 239

RhD301 RhD301.160A04 | 79 135 191 247

RhD305 RhD305.181E06 83 139 195 251

RhD306 RhD306.223E11 84 140 196 252

RhD307 RhD307.230E11 85 141 197 253

RhD317 RhD317.144A02 86 142 198 254

RhD319 RhD319.187A11 87 143 199 255

rhD321 RhD321.187G08 | 88 144 200 256

RhD324 RhD324.231F07 90 146 202 258




RhD163. 119A02, RhD190. 119F05, Rh0191. 119E08, RhD192. 11906, RhD197.127A08
and 10 RhD204. 128A03) were selected and m xed to constitute the

reconbi nant pol ycl onal manufacturing cell |ine. RhD197 and RhD204 were
Lanbda cl ones whereas the remaining were Kappa clones. After the cell

cul tures expressing the individual anti-Rhesus antibodies were fully
adapted to serumfree suspension culture in shaker flasks they were m xed
in equal cell nunber, thereby 15 genera3 ng a polyclonal CHO Flp-In (019)
cell Iine. The m xed cell culture was centrifuged and frozen down in

al i quot s of gpyddexe 106 cel | s/ tube. Two tubes (3948 FCOW65 and 3949 FCWG65)
were thawed and cultured individually for 11 weeks in 1000 ml shaker

fl asks tcontﬁ,ie I ng&gm?je &@ggrgt;%ﬁ{lgt?geagggmﬁfra%lyﬂeﬁﬁlW?Wa&hyinmdt;&ﬁv?and 20 The
super nat ant was harves an [ red. pri I [ at hic

ant i - RD r pfigracteriegiqgof %G\PéchTt??atfﬁé'arg\t@?lgﬁEh(ﬁp\?%tfggilét’ f‘ ﬁ-tsg agés?‘gaye ﬁ%t h at

t he prot ei ntekigple imsnamiinkEnsicn and af e gerels leveleiing RLB 20AYH5er nat ant sanpl e
used to anal yze the anti body conposition was taken after 9 weeks of

cul ti vat i ongsyNeRRas of § Basebdtusamell Gnadeant-Bheanap yecembinantaRymora ARESFY i on
was taken a rob hcion 25 harvest after 11 weeks of cultivation. Antibody
conposi tion’ 'ﬁ"ue anti-RhD rpAb expressed fromthe polyclonal CHO Flp-1In
(019) cell line is an IgGL isot ' oz RN, M aRpddrii ed
from both aF‘?'tq‘i?Bﬂ@eS(%@h%Pé??a"“éé ’gcjg%tﬁ?laglg*cagﬁﬁﬂrﬂﬁsi ;%fgl&;h{ 3 '155]50 rotein
A. The i ndi seoretheingerionedRBRLI7rLEP b (RER W-%WBPWW% °§0'%@ SStNel m A at pH
7.4, wher eagpnsQAt@ATAGE RhDOMT IOEES, RADYE £19EAS; R0 197 bIRAORREYPTHAR/ACFREY bound
ant i bodi es S t€OInd Rtombink@Vpopklonal ue (pH
2.7). THE ﬁﬁé&ﬁ%ﬁé&ﬂg%?%%gn?cﬁéd%gﬁﬁ%%q%@sﬁgdeggr %nrégqvhgzlb ggq RARGS

nmeasur ement §1agufagpinerie| "%@Dl%oﬁdéﬁmﬁ AT SN A aI S t % nMgsoﬁl um

acet ate pH ®ers3kppdtiensaant i - RND r pAb conposi ti ons obtai ned from aliquot 3948

and 3949 (FCW65) after 9 weeks of cultivation were anal yzed using
cat i on- exchapgens REmte eakbiting Teinfviat ianti-Rhegus pititiodids wartei fUlRFBRPLEAY was

ol U & B e ST Sipe i i iz MgBAdkIImIRE ahatisy 150
nmM sodi um cAFYP} fﬁeg,susbqﬁng?'bcuw dgérﬁee(ﬂa]sggthg?i”e”&“& g m

ow rate 60.m, h-' erat QM 5
t enper atlir e gemRetingratolysaYal CHRPIRM TN At in%l}-ﬂg el f/mt(eaf)eu{q% %ﬂtsrﬁ?aé a
| i near gr adi@pdn doivhoTalln6ts of 368 1AMeligtibam chl oride in 25 mM sodi um acet at e,
pH 5.0 at a flowrate of 60 m  h-1. The anti body conponents were detected

Sngt r Opholt QB hitleS 2dda¥ F@WO(@j@Qndﬁmzxgﬁhwoe?hn@mmd and ¢URiuged @ig)éviohaﬁv for 11
subsequently integrated a e I bV P amAvith were
Sf gogilin?%hgg%/r 0% C%Flt%%%égolgom%x&ég)%é@eqwfre

used to quatis component$ (Table 3). The total area of the

peaks was seeomyrit-o 100 % The chromatograns fromthe two aliquots showed

an identical peak distribution, as well as simlar concentrati ons of the

conponemnios iThe eGeimapedkvas Rargestecharsidiltersd priprstojpuritigaion efdhe aERMYEEPt hat

aliquots of the sane polyclonal cell line grown under identical conditions
Cilonal Diversity

The clonal diversity was assayed both at the protein level as well as at the mRNA level. The
supernatant sample used to analyze the antibody composition was taken after 9 weeks of
cultivation, whereas the cell sample used to analyze the mRNA composition was taken at the

25 harvest after 11 weeks of cultivation.

Antibody composition:

The anti-RhD rpAb expressed from the polyclonal CHO-Flp-In (019) cell line is an IgG1

isotype antibody. Anti-RhD rpAb was purified from both aliquots (3948 and 3949) using a

column immobilized with Protein A. The individual antibodies interacted with immobilized
30  Protein A at pH 7.4, whereas contaminating proteins were washed from the column. The

bound antibodies were subsequently eluted from the column at low pH value (pH 2.7). The

fractions containing antibodies, determined by absorbance measurements at 280 nm, were

pooled and dialyzed against 5 mM sodium acetate pH 5.



wi |l produce anti-RhD rpAb with a simlar distribution of indivi

anti body members. The Individual menmbers of the anti-RhD rpAgI \\//vle(rjgalassi gned
to one or nore particular peaks 15 (summarized in Table 3). This
assignment is based on chronatograns obtained for Individual antibodies
anal yzed under identical conditions. An individual chromatogramwas not ’
obtained for the RiD158 Ab, thus this clone was not assigned to any of the
peaks. However, It is considered Iikel y4that peak D constitute RhD158

this anti body may also be represented in some of the other peaks due io
het er ogeneirhd/ anti-RhPaabicsmpésitichi ebtaingd foard pligobdtstantl 3843 Q’G‘Wé’ﬁgrfﬁteRﬂ D197

shows a hi (‘;Lh I%e I, ﬁgani}coBP:%Fe:{n(Qg@@sw Cgatr[bnt‘g@hgrggcp;ro&faidge,phﬁfh'ee RBIOA Ab

should have®Been vis e ent | Fola Ve |
B(r)g ddet gc_t awtifed aﬂﬁlﬁhgeﬁ;‘%\jas Rlgd I %L@{,‘%aké@?ﬁ%ﬁs?ﬁ I(%gf( 31(())r al )tig?nat i %7&"‘;'?{ e
uced i RcasERUIBOSMB@bduntchieridd, pH15.Qoft aftomerets & 0im h™opgrated G S hant

go%oc/l (rjgglu 1eHipte tg’]%t ¥itd SULER) donlpbfhts e shikeguently etz eisiRh BL8Er gradiees ponds t o

e T AR higss OB sbacarel bl hophormmect
_ sity r T I - E)rp conmposition Tazl%IeBHan‘tl uar

tit b nane hit+Thedintibodgonmepiants wesa Ketggadsrectgophiotgmjetrically gt 28ginm. TRE™~ .

pare a q: .chromhaoghard (i 23 iés Tliissquahtly istegtased prabenteas of thelKivigual peakg Arh, 2

?hglg .73Tgihs e&%f&'gﬁ%ﬁ%ﬂ@g f@poﬁéﬁ"t@@' abIBRRERQ sthf r&d &iithe ks whindat 92

i's |ikeloy ttolfR%. Fﬁhm‘?fs'“ﬁ‘ﬁ?"aﬁis§'i9”b‘&t§e %?(’:‘tééi%}éé% R@S]gd%ﬁ%% i E’%éi‘ii@%%’-"buao igt
14. 4 RnD204siell a24ima2@nEenRaii® f Teicomoprents I grehtpepktFeore Ehes? EUiFda®e. due
G 53: 6 12 %f?@:}%éd %I%It?ED BFOGREdaté. poRklodal 3elftind grbvidl &rder iderttital@oddtionsRND161

 Comrent | Wil prodiss A3t IgRgPRD Mipsg St MER R A MaldlarantEMfiMdrnbr At nare

L ; : nrs was not detected nRNA
ggmoolsz Lgogﬁmg}d?ﬂil}a{?\gg:kggrlégs tl:’hzlaE\%E/-R\l{zMD tr;mbnwérg %sﬁgonleg %cla gnrzeaolr m%frl:i&ﬂér%eélglg)

15  (summarized in Table 3). This assignment is based on chromatograms obtained for individual
antibodies, analyzed under identical conditions. An individual chromatogram was not
obtained for the RhD158 Ab, thus this clone was not assigned to any of the peaks. However,
it is considered likely that peak D constitute RhD158, this antibody may also be represented
in some of the other peaks due to heterogeneity. In particular the antibody product from

20 clone RhD197 shows a high degree of heterogeneity in the 1EX profile. The RhD190 Ab shouid
have been visible at a retention time of 15.3 min. However, it was not detectable, indicating
that this clone was lost or alternatively produced in amounts below the limit of detection in
the recombinant polyclonal manufacturing cell line. The loss of clone RhD190 corresponds to
a 10% reduction of diversity which is considered acceptable with respect to diversity of the

25 final anti-RhD rpAb composition.

Table 3

“This Ab is also present in peak B

10.2 RhD157 This peak represent at least three
RhD159 different Ab's
RhD192

5.3 RhD1i91

0.8 {(RhD158) Not actually assigned to this peak, but

it is likely to be. RhD158 may also be
represented in other peaks.

E. 7] 10.9 14.4 RhD204

Fo.. 1243 23.0 RhD197 This clone split into several peaks, due’
G .- 113.6 12.5 RhD197 to heterogeneity.

H. e 3.3 4.0 RhD197

T . o] 14.0 13.7 RhD161

37 ] 10,5 10.5 RhD163




cultivation was estimted by RT-PCR-RFLP analysis. Briefly, cell

suspensions corresponding to 5 200 cells were subjected to a freeze-thaw
procedure and these |ysates were used as tenplate in a RT-PCR using

One- STEP RT-PCR kit (Q agen) with prinmers anplifying the light chain. The
primer sequences were: Forward prinmer: 5 -TCTCTTCCGCATCGCTGICT (SEQ I D NO
1) Reverse primer: 5'-AGGAAAGGACAGTIGGGAGIGGECAC (SEQ I D NO 2) 10 The RT-PCR
products were digested with H nfl and aral yzed by agar ose gel

el ectrophoresis, visualizing the restri ct| on_pr oduct _with ethidium brom de
stai ni ng ([FP&k Phuantity - §xapmtied sAl 6ank t he T i Pt-ained
by Hinfl ditest | agnaifr;t:{so®- PCR " sai b7 - each
i ndi vi dual | onEYerarga [ {94 aradi)y] ‘il Hgget —which
coul d be ak&ighbd to individual-REHHEPs o S5 Rhesus D
ant i body encodi ng genes, are indicated in bold. Not all unique fragnents
could be identified on the gel, these are indicated In italic. This,
however, dowBNAgmrrsEesarily preclude that these clones are actually

r epr esent edrriatidnBediidity Within (B pelgcldriaeCho-ayHB (0 E0) wall/linedifteh &k weeke ochave been

separated s Jitfwlaﬁ(l, enid ééti%ggmekﬁ%Rfﬁp@ng Bl Ecell @8pehdidrdRb@esporiding to
alternative 1 concentration has ﬁ’d N5 Qs gﬁeg\%@%&ﬁa tQmBIQ%

st rongers apaﬁ%ﬁeﬂwerzéutﬂa%%m arfege Ry R S briono nced

fragments, BiaRePREnoldmeesTEP KTeHCRekit (Qiﬁiaﬁﬁe/wthﬁ‘ '”@ﬁﬁ@ﬂ'@fﬁ%‘i“@ﬁ?‘ﬁé’h%ﬂ@@ul es
and t her ef Ohfm S@ de@,geg wdrsi bl e. Table 4 825 505 696 505 502 475 671 743 521

R fragnent | 197 20,4 Hi nfl 138 320
138 166 191 %Sfdfﬂ!ﬁ'ei TE%#“%?FQ’%”&M%?%%R@ 8 138 138 85 138
size 77 76 ROBrst2EMEE %Gﬁe%@GACr@T%G&%TGﬁ%Ct(ﬁBQ&WH& ts (3948 and 3949)

of the same polyclonal cell line, showed a simlar 25 expression pattern
in the gel, TRd thecrgbrotives werk @iyested with Hinffeanld analyzepdy agdarete ¢obABFEPBPES's:

i denti cal . Jguﬁz:hé‘mecrésttﬁ&wﬁ Bjaudl iitkisiu@fbrédige sammgpeigyz). onal cell line
gr own under ent1 cal onditions will produce anti-RhD rpAb with a simlar

clonal diversi %% c?s;ze &%@éa(f\étrfgﬁ& fﬁa?nlen{s'o@?a?neﬁ%gmuﬁf(ﬂﬁ@s%% B&h@-R‘ﬁ@GQd onal

anti - RhD ant?b m xe qé‘%ener an, I [%r ment
manuf act ur i ﬁfgph,f@ﬂ I*lgﬂtlch@"S aRishorvior erchdndidduelelggie 1 fekls &ar™ 8RS 99
mai nt ai ned 899 @fthé @, Wit coald i assigsidity indMduet mdribaxe efdse B?‘V‘é‘mat #¥at i on NMRNA

from six.di GL&le BtanEbcﬁ!b%ﬂ&:% foQhal, BR indiandd 18 uauskot ol daité fr@aerancuiieneer al
other cl'dnes are | 66’1(3'% ggng edln ﬁ({w Eggg‘?sq,;otg Laxi,mately 500
bp. The facidepifieed opfe qtﬂ%ﬁ?t% PRE 6Ty c6h 019) cel |
| i nes showegreslude trat thessddries arapictyplly Eﬁ@rféé'!te‘i & the eHre él“&"e?‘@ MePE M2t r at es
that reprodygidng: K28 BkdrSsepaatdagumibieatyresin beemeayments to be identifl able, or

alternatively that the concentration has been too weak compared to the stronger appearing

20  bands. This may be more pronounced for shorter fragments, since they bind a smaller
number of ethidium bromide molecules and therefore are less visible.

Table 4 |

THRRD # [ |57 58 150 et s | 1631 1900 [ 51 1] 193 (] 187. 204 .

T 825 .671 505 696 .| 505 502 475 671 743 521

HinfI 138 138 320 138 166 191 268 149 138 167

fragment | 76 126 138 126 i54 138 138 i38 85 138

size 76 77 76 138 126 85 76 76 88
22 76 76 76

The two aliquots (3948 and 3949) of the same polyclonal cell line, showed a similar

25  expression pattern in the gel, although the intensity of the bands were not completely
identical. This indicates that aliquots of the same polycional cell line grown under identical
conditions will produce anti~RhD rpAb with a similar clonal diversity.



di fferent batches. 10 EXAMPLE 2 The present exanple illustrates the
characterization of a polyclonal cell culture with eight nenbers over
time. The clonal diversity of the culture was assessed at the genetic |evel
usi ng RFLP analysis and at the protein | evel using a chromatographic
technique in one dinension. 15 RFLP analysis to estimate clone diversity
in polyclonal cell cultures The distribution of the Individual clones in a
pol ycl onal cell culture expressing ei ghBédifferent anti-Rhesus D
anti bodi es was estimted by term nal RFLP (T-RFLP) anal ysis of RT-PCR
product s deyiwes, fromthe pol yclonal cell line. In the T-RFLP procedure the
forward and/or Treverse priner(s) are fluorescently | abeled and therefore a
proportion_of b Gl -REMBAL-RhOSRBEGY 8@rd mnmd thtedeipl | cons
will cont aiT(F)\" fﬁgﬁ-ﬁeggﬁ.&%ﬁ%a rq?&{i. f ra Fenhﬁlcﬁgﬁ’:- @gg%ﬂ%%n@“
separ at ed 19¢n@asian 2qHRE BRR ?‘B'ﬁﬁ%‘i?‘ggﬁgscegﬁ"(f’ et ect edgsfjg | uorescence The
anal ysi s canmaifiteinpefofrie itioal liversity Hdter FQWFG‘@WQFW"QHBX F‘ﬁ@’*%&?’i LHIEEFEGi on
of the heavy,chal il baneRRiceusiagEneEsnd dependharglooes araékey forhsr s appl i ed.
Briefly, a cel Iegg%sig nsion correspondicpgdu.0 200 cells was washed one tine
in PBS and "@ESHRS e M iE Y 8 FPIYEeZe! Chaw procedure generating |ysates used
as tenplate in a RT-PCR anplification i e-ot - A ) agen)
and sui t ablTefadt giaf §Wo FHqUOtRPE WOM@B&E‘%"E’%’“?}B&& ﬁlﬁgl%gtsand%%g\ﬂ%%t;s&g
cycler wit hutihesdeat foawinalgincosig] tlisrtes thaveerspdisible raFlte chibs ehtaiags! ReEY§e8r 30
mn Denat ur g 95 1GaffLs. 15 min 30 Start cycle loop (35 cycles) Denature 95
OC for 30 sec —Anneal 60 oC for 30 sec El ongate 72 oC for 5 mn 37 End
cycle loop Elongate 72 C for 15 min Finish 8 aC forever For analysis of
the |igig cbampebe following prinmers were used for the RT-PCR
amplification: 5 The reverse priner was 6-carboxyflorescein (FAM | abeled
and the pri{fRrorsRAUSAER MBEeteRthe dhalaktergtioVbl Fovvetang! gsH pyfire with eight

CCC%T

S' - TCTCT17 | {7 the-cURaMB S sfsbdtiedt the genetic level

5' - FAM: AGGARR %%Eﬁ%ﬁc r‘g’fsi_ : § LD 20 TR0 okl e Bleidil, B POR
product wasusHeRREP applvFsand Bt EredrotRil Ve UFa St T OSRd 1 U of Hinf7 10 (al |
from New EnghanglorBi ol abs) in NEBL for 2 hours. The | abeled fragnents were

detected by fluorescence capillary el ectrophoresis on an AB13700 (Applied
Bi 0Syst @4T5) rAl bpdie R esBABBIdnB Flveisity &, poGoiperitelfeureeK.

The distribution of the Individual clones in a polycional cell cuiture expressing eight different
anti-Rhesus D antibodies was estimated by terminal RFLP (T-RFLP) analysis of RT-PCR
products derived from the polyclonal cell line. In the T-RFLP procedure the forward and/or
reverse primer(s) are fluorescently labeled and therefore a proportion of the restriction

20 fragments generated from the amplicons will contain the label. The labeled fragments can
subsequently be separated by capillary electrophoresis and detected by fluorescence. The
analysis can be performed both on the light chain and the variable region of the heavy chain

encoding sequences, depending on the primers applied.

Briefly, a cell suspension corresponding to 200 cells was washed one time in PBS and
25  subjected to a freeze-thaw procedure generating lysates used as template in a RT-PCR
amplification using a One-Step RT-PCR kit (Qlagen) and suitable primers.

The RT-PCR was carried out on a standard thermal cycler with the following conditions:

Reverse franscription 55 oC for 30 min

Denature 95 oC for 15 min
30  Start cycle loop (35 cycles)

Denature g5 oC for 30 sec

Anneal 60 oC for 30 sec

Elongate 72 oC for 5 min



The expected fragnents for each of the anti-RhD antibody producing cell
clones are shown In Table 5 and the FAM | abel ed fragnents are indicated In
bold. 15 Table 5 RD ###~ t ' ~:191 196}, ~" 201s'"203 X2443U6, A3+19;."
;324. 475 696 516 422 690 682 761 513 210 138 166 318 138 138 138 166

138 76 138 138 76 76 76 138 fragnent size Stl/Hnfl 76 67 76 76 67 67 67 76
fragm 67 59 76 67 41 59 76 58 67 18 18 17 67 18 The T-RFLP pattern is
shown in Figure 3 and all eight- anti-Rhe®us D anti body producing clones
have been assigned to specific peaks. Under the assunption that there was
no tenpl at g,(cpcé,t, {Jcorrpetl tion during the RT-PCR, the relative peak area

wll corres rel atiye.anp ﬁm of nNMRNA transcribed from each
anti body |1i g‘ﬂ‘fgaﬁ‘%al n gene represent edin the 20 polyclonal cell line. For

anal ysi s of Fitle heavy chain $&FfHBY€ region within the same polyclonal cell
line the RT- PCR anplification was carried out with VH-s ecific _prijnmers.
The priner s@HENaGES twelight asaln frelfolowing PiMeroreRR HepdfPY the RT-PER ampgjiffcation:
CGTAGCTCITT. %@rﬁéﬁ@s'ﬁ%@x Joresédin WM?@bereaeanmemelmer sequences were as

5' - HEX- A D NO 4) 38 Twenty NI of the RT-PCR
product wasPested with 1 U of Rsal and 1 U of Ndel (all from New

Engl and Bi ol abs) in NEB2 for 2 hours. The | abel S%Rsﬁagrrents wer e detected
by fl uor esc¥nEeweeisirimes §- ETETRGCEEAtHSI FECTPERT )3700. The anal ysis was

performed by RbakRNHinEes SRAMASIGANAGEACTIGERNETCFCATIREQED ?)expect ed T- RFLP
patterns are shown in Table 6, where the FAM I abel ed fragments are shown

in bold and ﬁ@aﬂi«ﬁb%ﬁu& wad difestSd Wity 1. uhg waeh b or Gkt enes Yk Hinfl

succi ni m dy er be] t nderscored. Table 6 n 9 r 7 ,
.nod y" 1P ~£a"ffr1m P‘e‘zfi‘ﬁ %g! 53?'9@&?“&"%1, 19,6 T '201, ;'203 2,4,4 306

s- 319, 3Z4~ 4 203 429 186 350 425 328 232 266 Rs 4 9
118 157 Fr AberisheledsiBagmenimwerg detested by fleprescaiprg CB%\'a%FSétMﬁl’m‘%?gT %“némﬁgog
cultivated qusfiebeigeiehmspadsrRoeSaundokitganfirerhaget Pt aken for 10 T- RFLP
anal yses. The anal ysis was perfornmed on the variable heavy chain, but could
have The expected fragments for each of the anti-RhD antibody producing cell clones are shown In

Table 5 and the FAM labeled fragments are indicated in bold.

15 Table5

e T ey A0 A A R

516 422 | 690 | 682 | 761 | 513
166 {318 |138 | 138 138 | 166
138 | 138 |76 76 76 138
76 67 76 76 67 67 67 76

Nhel/PstI/Hinfl
fragment size

67 59 76 67 41 59 76
58 67 18 18 17 67
18

The T-RFLP pattern is shown in Figure 3 and all gight anti-Rhesus D antibody producing
clones have been assigned to specific peaks. Under the assumption that there was no
template/primer competition during the RT-PCR, the relative peak area will correspond to the
relative amount of MRNA transcribed from each antibody light chain gene represented in the

20 polyclonai cell line.

For analysis of the heavy chain variable region within the same polycional cell line the RT-
PCR amplification was carried out with VvH-specific primers. The primer sequences were as

follows:

VvH Forward primer: 5’-FAM CGTAGCTCTITT. AAGAGGTG {SEQ ID NO 3)
25  VH Reverse primer: 5-HEX-ACCGATGGGCCCTTGGTGGA SEQ ID NO 4)



been performed on the light chain as well if desired. After capillary

el ectrophoresis of the restriction fragnents, the relative peak areas were
integrated and used to estinate the clonal diversity of the polyclonal cel
culture. The relative quantities over tine are shown in Figure 5. 15 Based
on these results, it seens that RhD196 | ncrease whereas RhD203 seens to
decrease over tine. The quantities of the other clones are quite stable
during the cultivation period and all eisght cDNA coul d be detected after
five weeks of cultivation. By perform ng T-RFLP on both |ight chain and
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over time. The quantities of the other clones are quite stable during the cultivation period
and all eight cDNA could be detected after five weeks of cultivation.

By performing T-RFLP on both light chain and heavy chain as well as on both mRNA and DNA
it should be possible to obtain a precise fingerprint of the clonal diversity within the
20  polycional cell culture, for example in cells at the limit of in vitro cell age or at any glven time

point during cuitivation.

‘The technique can therefore be used to monitor the stability of the clonal diversity in a cell

culture over time during antibody production. The technique can aiso be applied to monitor

the batch-to-batch consistency for example of different ampoules frozen down from the same
25 polyclonal working cell bank (pWCB) or in cells harvested after two or more manufacturing

runs.



The present exanple Illustrates the characterization of a polyclonal cel
culture with twenty- five nenbers over tine. The clonal diversity of the
culture was assessed at the genetic |evel using T-RFLP analysis and at the
protein |level using a chromatographic technique in one 25 di nension. T-RFLP
anal ysis of the variable part of the heavy chain genes derived froma
polyclonal cell culture expressing twenty-five different anti-Rhesus D
anti bodi es over a 5 weeks cultivation ®riod. The polyclonal cell culture
exam ned in the present exanple was conposed of a m xture of 30 cel

cul tures expysssidisndeMaRinatddrhictinkly ot endstimatd cidiaasussif) imapolpoeiabel
(generated as described in Exanple 1). The pol yclonal cell culture was
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The results obtained at the genetic level by the RFLP analysis and at the protein level by

15 cation-exchange chromatography are comparable. Figure 5 and 6 clearly illustrate that most
of the individual clones in the polyclonal cell line as well as the individual antibodies of the
polyclonal antibody expressed from the cell line follow the same trends during the 5 weeks of
cultivation. Thus, analyses at the genetic as well as at protein tevel are good equivalents for
assessing the compositional diversity of a celf line at the genetic level and of the recombinant

20 polyclonal protein produced from the cell line.

EXAMPLE 3

The present example illustrates the characterization of a polyclonal cell culture with twenty-
five members over time. The clonai diversity of the culture was assessed at the genetic level
using T-RFLP analysls and at the protein level using a chromatographic technique in one

25 dimension.

T-RFLP analysis of the variable part of the heavy chain genes derived from a polyclonal cell
culture expressing twenty-five different anti-Rhesus D antibodies over a 5 weeks cultivation

period.

The polyclonal cell culture examined in the present example was composed of a mixture of
30 cell cultures expressing twenty-five different anti-Rhesus D antibodies (generated as
described in Example 1). The polyclonal cell culture was cultivated over 5 weeks and once a

week samples were taken for T-RFLP analyses.
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at a flowrate of 60 mM h''. The antibody conponents were detected
spectrophotonetrically at 15 280 nm and the chromat ogram was subsequently
integrated and the area of individual peaks was used to quantitate the

di fferent anti body conponents. Figure 7 shows the chromatogram produced
fromthe sanpl e obtained at week 4, the antibody containing peaks being
nunmbered from1 to 25. It is pure concurrence that the chromatogram
contains an identical nunber of peaks as the number of individual

anti bodies in the polyclonal antibody analyzed. 20 Table 8 show the
relative content in percent of the total antibody conmponents (ACl to 25),
as well as the representation of the Individual antibodies in each
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using a finear gradient from 150 - 350 mM sodium chioride in 25 mM sadium acetate, pH 5.0
at a flow rate of 60 ml kL. The antibody components were detected spectrophotometrically at

15 280 nm and the chromatogram was subsequently Integrated and the area of individual peaks
was used to quantitate the different antibody components. Figure 7 shows the chromatogram
produced from the sample obtained at week 4, the antibody containing peaks being
numbered from 1 to 25. It is pure concurrence that the chromatogram contains an identical
number of peaks as the number of individual antibodies in the polyclonal antibody analyzed,

20 Table 8 show the relative content in percent of the total antibody components (AC1 to 25}, as
well as the representation of the individual antibodies in each antibody component (peak).
The assignment of individual antibodies to the integrated chromatographic peaks was based
on the retention times and peak patterns obtained from monoclonal antibodies analyzed

using cation-exchange chromatography under identicat conditions.
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Cation-exchange chromatography separates individual antibody members from a polyclonal
antibody based on differences in net charge between the individual members and in addition
separates forms of individual antibodies that appear charge heterogeneous. Several
5  antibodies were therefore represented in a single peak, e.g. AC 1 contalning RhD293 and
RhD319 (see Table 8) and some individual antibodies were further represented in several
chromatographic peaks, e.g. RhD319 which is present both in AC1 and 5 (see Table 8).
Peaks which contain more than one individual antibody could be subjected to additional
protein chemical characterization techniques, such as quantitative analysis with anti-idictype
10  peptides, proteolytic peptide mapping, N-terminal sequencing or a second dimension
chromatography.
Summary
The present example illustrates the combined use of T-RFLP analyses and cation-exchange
chromatography for assessing the distribution of the primary transcripts and of antibody
15  components, respectively, aver a period of cultivation. The T-RFLP analysis allows for unique

identification of 12 individual clones of the 25 clones expressed in the polyclonal cell line and
In the present example it is illustrated that these 12 clones could be detected during 4 weeks



5 during cultivation Al though unique identification of all individual
antibodies is difficult due to the inherent charge heterogenous nature of
t he expressed antibodies it was denonstrated in the present exanple that
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A polyclonal anti-RhD antibody sample with ten individual members was derived from a
polycional cell culture. The anti-RhD rpAb was purified from the supernatant using a protein A
column (HiTrap™ Protein A column, Amersham Biosciences GE Healthcare, England),

The first dimension was executed by applying the purified polycional antibody onto a ProPac
30  WCE10 column (4 x 250 mm) in 25 mM sodium acetate, 150 mM sodium chioride, pH 5.0 at
a flow rate of 60 ml h operated at room temperature on an Ettan LC system (Amersham
Biosystems, GE Healthcare, England). The antibody components were subsequently eluted
using a linear gradient from 150 to 350 mM NaCl in 25 mM sodium acetate, pH 5.0 at a flow
rate of 60 ml h'. The antibody components were detected spectrophotometrically at 280 nm
35  and fractions corresponding to particular peaks were collected and further cancentrated prior

to analysis by RP-HPLC.



were applied onto the colum (5 1) in 10% CH3CN, 0.1% TFA, 0.3% PEG at a
flowrate of 120 mM h"1 and eluted by a |inear gradient of 90% CH3CN,
0.08% TFA, 0.3% PEG The columm was operated at 70 C. Al of the antibody
conponent sanples resulted in chromatograns wth one or two narrow peaks.
The RP-HPLC profile of an antibody conponent B5 is shown in 10 Fig. 9.
Summary Since cation-exchange chromatography in the first dinension
separates the Individual antibodies dif44ering in net charge as well as

i ndi vi dual anti bodi es appearing charge heterogenous, several antibodies
can be reprﬁ%&f&ﬁ&s'n{aaémﬁiweib.es peakunidd s§avaedin DRtédaatilyercoMsngRes wer e

separated resulting i rat her. _conpl e rfil j t
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as illustrated 1 n Fi
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ant i bodies fiyos.characterize the individual nmenbers of the conplex rpAb. 25
EXAMPLE 5 The present exanple illustrates the characterization of a

pol ycl onal aihiafnD anti body with eight individual nenbers derived froma
pol yclonal cell culture. The diversity of the polyclonal antibody was

assessed usi ﬂg‘?]é J&IU L Kbk déeec{hpgnq@n%grgﬁgu@ﬂ@eirﬂ%éfﬁioﬁ sepbiigted\tht ;l’fdmidmal! b 30
sequences of the Individual nenbers present , ; nti-
ant i body saﬁ?ﬂbéd%ij'gﬂ'r\ﬁé'? EEtaclk?arfgﬁféH'eFrals i"ﬁlg'dﬁérlgg%%? 'egggar(re%hg&ara EQ%S hown bel ow
in Tabl e 9. hetEtvgenounisdeertliaghibodiss£pm be EHIREATEES A PLMRARK in italic. 45
Table 9 RhD';# N term nal sequencesyfor HC' N term nal sequenceskfor, LC,
191 QVEE VESEvdHERIBoBY MNohonedts ViekQRpérSEQ réDItNOIT) rati@ycpvrscrlEes F*IE?"‘NO 5)
gl %/L_T_le (SEQ 4D sg%)s X%/sEtrSaG%SE | 1€ %Q% bR d&lﬁbs%bmeﬁb\ﬂem? ggﬁéﬁ@émw h@%ﬂ%ﬁne%?s ]
, 6~ ,r~y ~j ) 5). ; = 0/
v Q\/Q_VESé ‘(@Eﬁﬁ%vrﬁd" aﬁwsﬁéﬁf@ T%%é@%ﬁy?%\éﬁ%ﬁ ?“"d;e?{ EVOLVESG
(SEQ | D NO 6ynciElowst. TS WaSEQWeRRiNG PR o EtS RreeEes $Xpeiess Fingsie PEEECTSSEQ | D
NO 9)  -"203ks to provide ENEIeMIEREHr DRbdrifo BnpREANTiEPedcBla@el BitMOL ha)indTie
gr itzsl n 2@ plélgslig}cnl eeac %gﬁédoﬁgl[gn%gm il r‘B}i‘lﬁlﬂlE&qh@%n{bﬁﬁH&i Maﬁﬁ%ﬁﬁ%e( NuPAGE
) A followed by RP-HPLC generates data from two dimensions, and detailed color-coded protein
maps (ProteoVue software, Eprogen, USA) as illustrated in Fig. 10 can be constructed for
evaluation of batch-to-batch consistency, without the need to analyze monocional antlbodies

to characterize the individual members of the complex rpAb.

25 EXAMPLES

The present example illustrates the characterization of a polycional anti-RhD antibody with
eight individual members derived from a polyclonal cell culture. The diversity of the

polyclonal antibody was assessed using “hulk” N-terminal sequence analysis.

The N-terminal sequences of the individual members present in the polyclonal anti-RhD
30 antibody sample which were analyzed in the present example are shown below in Table 9.
The Lambda light chain sequences are shown in italic.



The pol ypeptides were electrotransferred onto a PVDF nenbrane and
subsequently stained 5 with Coonmassie Blue according to the manufacturer's

i nstructions.
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Table 10
EveIs HOTREIEC (<25 kDa). [ riC ($30)kpays
Q, E E, D E, D, Q
Vv I I, T
Q v, Q vV, Q
L L, M L, M,V
v T T
E Q ND
S S ND

ND Not determmed

The sequences for the HCs are identical except for the first residue, whereas the Kappa LCs
are conserved for residue two, five, six and seven and the Lambda LCs are conserved for

residue one, five and six (see Table 9).

The result obtained from the sequencing of the HC Is in agreement with the expected
sequences as presented in Table 10. The sequence data from the Kappa LC band of ~25 kDa
indicated the presence of antibodies with the N-terminal sequence EIVLTQS (SEQ ID NO 7),
corresponding to RhD191, 324, 201, and 306, and antibodies with the N-terminal sequence
DIOMTQS (SEQ ID NO 8) corresponding to RhD244 and 196. With the present technique it



10 in cycle one and an Mresidue present in cycle 4. In summary, bulk
N-term nal sequence anal ysis can be used to identify the presence of
i ndi vidual antibodies if they differ in their sequences either at the HC or
the LC and are not blocked at the N-terminal. This nethod is quantitative
as long as the Nntermini of the individual polypeptides are not partially
bl ocked. 15 EXAMPLE 6 The present exanple illustrates the characteri zation
of a polyclonal anti-RhD antibody with 48 ght Individual nenbers derived
froma polyclonal cell culture. The diversity of the antibody was anal yzed
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col urm ( Zor bdixidgd @sBrapEides e pospartirlg bigRkeds ny equilibrated in 0.1% TFA
using a flowrate of 0.2 mM/mn. Peptides 47 were eluted using a |linear

gr adi ené) of E)?AI\%QE/%TFA’ 70% acetonitrile. Peptides were detected
spectro hot Bt i cal | y at 220 nm and anal yzed by on-line M5 (atnospheric

pressure lonization (API) electrospray). A m r AT T Ii
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vaters Cor POLALkoRe M) oo Bedtihdetnldtdity WEg ARlps Bfaritht, Asp- N di gest s

of HC and LBY&f & sunmartzed In respectively. Both tables
indicate theoretical and det et(;t eg, nPEéﬁZ'S y\,hcl cgsgg%gﬁggsas aver age
masses. 240 fepyre 9qnEratigr by Fagstog of (SRR 5T CRAT A ept Pdesh, t:
Theoretical FFound U Thegretca~ ,Retention ,: " n ry o ~l§1 ‘. .nas gDa~
;" mass, ( Da) ApolyeimaCantitBhD an@tﬂa@d}( gﬁnmle_p wigh eight individual mentoers was purified from t
supernatant of a polyclonal cell cuiture by affinity chromatography using HiTrap rProtein A
columns. Lyophilized materia! was dissolved in 6 M guanidium hydrochtoride, 0.5 M EDTA, 0.2
M Tris HCl, pH 8.4, reduced (DTT) and carboxymethylated (iodoacetic acid). Heavy chains
25  and light chains were separated by gel filtration on a Superose 12 column (10/300 from
Amersham Biosciences, GE Healthcare) in 6 M Guanidium HCl, 50 mM sodium phosphate, pH
8.4 on an Ettan LC system (Amersham Biosciences, GE Healthcare, England). The separated
HC (~3.5 mg/ml) and LC (6.5 mg/ml) were digested with Endoproteinase Asp-N (Roche, 1

054 589) at an enzyme to substrate concentration of 1:500 in sodium phosphate, pH 8.

30 Isolation of unigue peptides by RP-HPLC

Aliquots of individual Asp-N digests of isolated HC and LC obtained from the polyclonal
antibody sample were applied to an Agilent 1100 LC/MSD SL system equipped with a Zorbax
300SB-C18 (2.1 x 150 mm) 5 pm column connected to a guard column (Zorbax 300SB-C8,
2.1 x 12.5 mm, 5 pm) equilibrated in 0.1% TFA using a flow rate of 6.2 ml/min. Peptides
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10  Table 11: Results for the heavy chain
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8 leferent peptides with the same mass. "Peptides (four identical and one different) with
nearly the same mass. *Indicate a N-terminal cyclized Gln {PyroGlu)

Table 12: Results for the light chain

' 'Theoretlcal 5‘~Retent|on ’-:.

iy HPLC :ndex "-ttme (mm)
167.5 74.2
168.9 71.7

RhD # -:Peptldes FL ] ,Theoretlcal
C e g 8 'massipa)

e ad 6537.3

e E di-2 7530.3




‘. ?284.8 ":. d3 4649.2 4648.8 150.4 201.1 ;e?s dl 8504.5 8504.1 229.7
82.5 2@Bi P'="a d5 6356.1 6355.6 168.5 90.6 ': :, ', d2-3 7165.1 7164.7
180.5 88.2 244 "i d4 4520.1 4520.0 122.2 75.2 d1-d2 6565.6 6565.2 231.7
90.2 dl-dS 11727.2 11726.8 380.0 105.2 11306jr d2 3206.7 3206.5 152.9
80.3 dl 8668.7* 8668.2 255.1 85.2 319. part of dl (7-83) 8029.0 8028.6
246.8 84.3 dl 8518.5 ND 232.8 ND 24td2 4862.5 ND 164.2 ND As seen in
Tabl e 11, thirteen peptides fromthe var4dabl e HC and si xteen peptides from
the wvariable LC can be |dent|f|ed as un| que nar ker pepti des and sone
peptides fr g T FYo | Vi) P R [ frhedneRbafiDRdteRhibrR 44| and
RhD306 i ndi %aate __"%Lbhm!lmgﬁ%.ﬁﬁnnot

be assi gnedit e TS iy _'rluvvc f 'iu l)n'(,' 1 i can Pg o
unanbi guousf ?n”éd to uni que %@g‘t i des| N % e§§ p03| t 5'9[
%1 eight ang Pes has’be8n oft&7hed. Foi-the LC,

| denti fi catli:

uni que pept [ide adﬁeﬁ_been assi gh#¥5@0r  Sledf8RSout. aft18fght apfibedi-es
(Table 12). "’*T‘ne {ndzi body from whiish.0 nf orj@sPdn i s HeE§i ng f P39t he Ld was
RhD324. Thut®% hd qonbi ned VS dhietofz om t 6488 and |UShdenpnsi BaBe t hat al |
10 ei ght an,-.‘i(p_p_ {&p coul d be | degddafs ed ijngsoha ant i|-230 r pAb|saspl e based

on detecti O3 ) dsq“e pepti deBs{dem eacnsﬁg gt he ar[reblgodi es|ghgol ati op of

uni que pept i‘;'ge ) tton—excha TgE G Om pny NgoASP- N dikggsts of | HC

o .ia‘f % by strongt¢ ]Zﬁtlon excﬁ}ﬁ e chr|q Eg%ograph); as foI oWs:
Al i quot s Of . ;"—J. = u “f g ed—HG lu.nu EC-oht Z.IZIICU TPm
the 15 poly Jlf ¢indd body, as {B%6r4 bed G559, vverez:”éﬁpl i ed 3o a

Pol ySul f oet f foal-ddm (2.1 x | 10073 epti7ReBr at dBH 10 mpdRassi um
phosphate, EU#eN/y) acetonitrilezoepH 3.0 36y a [f4158W rate |60-30.2 m fmin
at room tenp@ratufg on an Ettan|késssmst en) §ebger shamBsasci enges.2 GE

Heal thcare, | 1@l 'f:%ofp RYigdes 1esR.subsepsnald v elluied usi ngsasl i near
gradi ent frpi0-5

20% or 30% [43 tonitrile,

A mvi-potass gélll T ord 'n 10 Q;taSSI LII}(jIDphOSpha1 e,
;i‘i P E ﬁ%e el ut 6graotlde< N\gere det ect ed

'Frar-

spect r ophot bt ' t 215 neiteH HoRs—were—cottected basedon
time fractlonatlon Aliquots (1 1) of the fractions were mxed with 1 | of

l a 1] 5400mM
a solut)on g s&ngy g f%hm%age%ammncu@%ﬁ Hi2Ac BB Saker Peplifestoom the

\(;lmcteLOBI EI_‘I;AI) !I'F@('ab!ﬂ‘llé: C§3 twraé unigue %%H(el' Sgptl(aet Ondtsoﬁ\el\é@ptscﬁg f6h tﬁéqgari Ehed

region of HC, (e.g. D1 from RhD196, RhD244 and RhD306 indicated by 7} have the same
5 mass, and thus these masses cannot be assigned unambiguously. However, since other
masses can be unambiguously assigned to unique peptides in all cases positive identification
of all eight antibodies has been obtained. For the LC, unique peptides have been assigned for
seven out of eight antibodies (Table 12). The antibody from which information is missing for
the LC was RhD324. Thus, the combined MS data from the HC and LC demonstrate that all
10 eight antibodies could be identified in the anti-RhD rpAb sample based on detection of unique

peptides from each of the antibodies.
Isolation of unique peptides by cation-exchange chromatography

The Asp-N digests of HC and LC were separated by strong cation-exchange chromatography
as follows: Aliquots of individual Asp-N digests of isolated HC and LC obtained from the

15  polyclonal antibody, as described above, were applied onto a PolySulfoethyl A column (2.1 x
100 mm) equllibrated in 10 mM potassium phosphate, 20% (v/v) acetonitrile, pH 3.0 using a
flow rate of 0.2 mi/min at room temperature on an Ettan LC system (Amersham Biosciences,
GE Healthcare, England). Peptides were subsequently eluted using a linear gradient from 0 -
500 mM potassium chloride in 10 mM potassium phosphate, 20% or 30% (v/v) acetonitrile,

20  pH 3.0. The eluted peptides were detected spectrophotometrically at 215 nm and fractions
were collected based on time fractionation. Aliquots (1 pi} of the fractions were mixed with 1
pl of a solution of e-cyano-4-hydroxycinnamic acid (20 mg/mL) in 70 % acetonitrile/30 %,



anal yzed by MALDI - TOF on an Autofl ex TOF (Bruker Daltronics, Brenen,
Germany), and external mass calibration was performed using calibration
m xtures from Bruker Daltronics (Bremen, Germany). MALDI spectra were
anal yzed (rmass search and internal calibration) 5 using GPMAWG6.1 software
(Li ght house data, Odense, Denmark). A representative chromatogram

contai ni ng several peaks fromthe Asp-N digest of LCis shown in Fig. 11.
Results fromthe MALDI - TOF anal ysis of t#® fractions of the Asp-N digests
of LC and HC are shown in Table 13 and 14, respectively. Theoretical and
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Table 13: Results from the light chain.

da 1365.54 1365.53 B10 4.15
d3 1419.74° 1419.72 B10 3.87
part d3-6 (part) 3090.33 3090.31 B3 3.42
dé (part) 1256.60 1256.59 B9 3.0
d2 1010.45 1010.44 B7 7.04
dé (part) 1858.05" 1858.04 B7 10.10
di1 6536.30 6537.33 81 & B2 10.28
d1+d2 (part) 7530.25 7530.34 B1 9,91
~1 43 (part) 1858.05" 1858.04 B7 10.10
1 d3 1844.01° 1844.02 B7 & B8 10.15
1 da 2251.11 2251.11 B6 7.03
1 d3 1068,57 1067.57 B4 10.15
d2 2756.42 2756.41 B2 9.44
da +d5 (part) 2566.23 2566.21 B7 4,11
da (part) 1858,05° 1858.04 B7 10.10
d4 4519.42 4520.10 B1 9,47
ds 2771.21 2771.18 B9 5,27
d3-4 2423.21 2423.20 BS 4,11
d1 3374.77 3374.75 B7 6.55
1 d4 1419,74° 1419.72 B10 3.87
| de 1844.01° 1844.02 B7 & B8 10.15
B | d2 (part) 1794.91 1794..90 B2 8.91
,.:319'l L
324 . | d2 (part) 1858.05° 1858.04 B7 10.10

2Same peptides. "Same peptides. ‘Same peptides



d6 1844.01c 1844.02 B7 & 68 10.15 |i d2 (part) 1794.91 1794..90 B2 8.91
319t:.. "1324. [ : d2 (part) 1858.056 1858.04 B7 10.10 aSane peptides.
Same peptides. "Sane peptides 50 Table 14: Results fromthe heavy chain.
RhD # } Wtldes i . Theoretical Observed b SCX aTheoretical Mass.(Da).,
mass (Da)k ;,fraction no: pl) D4 1953.0 1953.01 B3 6.98 :' 5; part of D2-4
(46- 89) 5134.76 5136.35 Cl& 4 10.08 Part of D6 99-113)" 1888.89 1888.93 Bl
9.51 'x196 part of DI-4 (6-72) 7343.21 7%44.01 C4 9.41 D5 1981.95 1981.95
B6 7.01 201 'ri ''1l; D4 1995.97a 1995.98 B6&B7 7.01 2039 V' D4 1995. 97a
1995. 98 B6&Bimﬂuﬂxe@mSﬁ@&ﬂm@ﬁeaﬂaﬁm®4 Bl 7 04 }244 ,, D6 2002.97

2002. 94 Bl&B3— F3P& T it OO TR AT 23 . P fesratics
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aSame peptlde Pverified by identification of the same peptide with an oxidized Met.

As seen in Tables 13 and 14, fifteen peptides from the variable LC and nine peptides from the
variable HC can be identified as unique marker peptides and some peptides from the variable

5  region of HC as well as from the LC have the same mass, and cannot be assigned
unambiguously. Thus, it has not been possible to assign unigue peptides for HC RhD201, 203
and 324 and for the L.C RhD201 and 319 using strong cation-exchange chromatography.

Summary

The results 6btained from the two different marker peptide analyses are sufficient to

10  substantiate that the combined data obtained from the MS analyses of the HC and LC enables
identification of unique peptides from the variable region from al! eight antibodies
constituting the anti-RhD rpAb using RP-HPLC. By using strong cation-exchange
chromatography six out of eight individual members in the anti-RhD rpAb composition could
be identified. The results from the MS analyses have so far not been analyzed to complete

15  detail, but only to the extent shown in Tables 11 to 14.

EXAMPLE 6A

The present example illustrates the characterization of a recombinant polyclonal anti-RhD
antibody with 25 individual members derlved from a polyclonal cell culture {bioreactor run).
The diversity of the antibody was analyzed by isolation of unique marker peptides originating

30  from the variable regions from the LC or HC using RP-HPLC combined with mass
spectrometry for the identification of the peptides.
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Results from the MS analysis of the Asp-N digests of HC and LC are summarized in Table
25  14A, where theoretical and detected masses are given as average masses.

Table 14A; Identification of unique hydrophobic peptides from 25 antibodies in an anti-RhD

rpAb employing Asp-N cleavage and LC-MS analysis.

aszeidl 7358.2 7357.2 211
' | g4 4483.0 4482.2 213

0 | d2 5585.3 5584.5 216

2 | d2 4322.0 4321.1 245
‘189 | dt 8536.5 8535.3 203
ol at 6537.3 6536.4 179
vt d2 5667.4 5666.5 217
i.| D1-D2*® 6297.1 6295.8 303




‘amass 457!' dl 7358.2 7357.2 211 1159': d4 4483.0 4482.2 213 160';.;. d2
5585. 3 5584.5 216. d2 4322.0 4321.1 245 1'189 ;S dl 8536.5 8535.3 203 3;

91':,'' dl 6537.3 6536.4 179 '92°..h d2 5667.4 5666.5 217 1196 ;'!,
D1- D2*' 6297.1 6295.8 303 52 RhD Peptidesa Theo'ret~cal f , .Found ; is
Retention "mass (Da) .'""time (mm!;i;'. ,. dl* 8696.8 8695.5 206 199{ d2

5709.4 5708.6 212 .20aa =~ dl 8504.5 8503.3 202 2:' 9 dl 6448. 2 6447.3 188
d5 6356.1 6355.4 184 203-, F dl1* 8626.758625.5 198 ;240" 'y d2 7056.0
7054.9 235 .2 dI 6464 4 6463 4 215 a245 LI d2 5749 4 5748.6 226

T.12.93) " g 13 . Y04l Aadiion 4958.5 221 1
305,"', d4 451 j BOBLS H " 06 713206
6364, 2 6363 BLaAEL urbyn: o Ll S%bﬁ%fugizt' %-Qgﬂi)?‘”sgz c7jt71£19?1|5 6
4944.9 222 [#PHGIE1E 5910 3 28 laPe pebtl®des—frdm HC and LC
gener at ed bl\&%\?b M2 respective 5/709eﬂnd t 7ﬁ&ﬁt|dp:212arp nudbered fromt he
Nt er mi nus [Zoifthe dT- t er mi nus of 8508e pr edi 85088 seqliRlices. Hegnce, d4 denotes
a peptide pprggligeditby cl eavage| edastthe Yd gmd34th Asgs- N sitg in the LC
pol ypept i dejsgz I;rgldg peptide Copgaighs a M&sed cl epygyge sitg. *Indicate an
N-term nal Eyedszed, G (pyToG kQZBf) AS 5EER I N TRRlL 14A |22 peptides from
the variabl gz f—a—tCand—B_peptides 1z'||the yarTabtg part of a HC
can be iden§ uhi-gue—na kil eptH Q2 rhys 2.“51 Ms—data from
6464.4 6463.4 215
5749.4 5748.6 226
5854.7 5854.1 277
4559.3 4558.5 221
4510.1 4509.3 187
3206.7 3206.1 189
6364.2 6363.2 225
8668.7 8667.4 210
; 4945.6 4944.9 222
=y 5919.8 5919.3 280

aD and d denote peptides from HC and LC generated by Asp-N, respectively, and the peptides
are numbered from the N-terminus to the C-terminus of the predicted sequences. Hence, d4
denotes a peptide produced by cleavage at the 3™ and 4™ Asp-N site in the LC polypeptide.
®This peptide contains a missed cleavage site. *Indicate an N-terminal cyclized Gin {pyroGilu).

5 As seen in Table 14A, 22 peptides from the variable part of a LC and 3 peptides from the
variable part of a HC can be identified as unique marker peptides. Thus, the MS data from
the HC and LC unambiguously demonstrate that all 25 antibodies could be identified in the
anti-RhD rpAb sample based on detection of unique peptides from each of the antibodies.

EXAMPLE 7

10  The present example illustrates the generation of anti-idiotype peptides with specificity
towards individual members of a recombinant polycional anti-RhD antibody, as well as the
assessment of the concentration of one individual member in a recombinant polyclonal
antibody.

Generation of anti-RhD antibody-specific peptide ligands.

15 A phage library displaying seven amino acids in random sequence order at the N-terminal
end of pIII (New England Biolab) was used for affinity selection of peptide binders to
individual anti-RhD antibodies. Both a linear and a constrained version of the peptide library
were used for the selection. Microtiter plates (Maxisorb, NUNC) were coated at 4°C for 12~
16h with purified monoclonal anti-RhD antibody at 10pg/mi using 100l per well. All the
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aci d sequence of

5  The specificity of each peptide was tested by ELISA. Briefly, ELISA plates were coated with
Streptavidin at 4 °C for 12-16 h with Streptavidin at Sug/mi using 100 pl per well. Then,
peptide diluted to ~10ug/ml in PBS was added, foltowed by incubation for 1h and removal of
excess peptide by washing. The plates were subsequently blocked in 2% skimmed milk/PBS
and washed tree times in PBS. Each of the individual anti-RhD antibodies was added

10  separately at various dilutions starting at 10 pg/ml. Bound antibody was detected using an
anti-hurman IgG-conjugate (Caltag cat # H10307). The plates were washed five times and
detection was carried out by adding 25 pf of chromogene (TMB, Kem-En-Tech). Reactions
were terminated 15-25 min later by adding 25 pl of 1 M HSO,. Absorbance values were
measured at 450 nm. Testing each peptide against the pane! of monoclonal anti-RhD

15 antibodies showed that reactivity is specific for the appropriate individual member-protein.
Hence, PEP162 only bound anti-RhD162 antibody, PEP202 only bound anti-RhD202 and
PRP305 only bound anti-RhD305 with a signal-to-noise ratio above 10.

Determination of the amount of anti-RhD305 antibody in a recombinant polyclonal anti-RhD

antibody

20  Using proper dilutions of purified anti-RhD305 monoclonal antibody as a reference standard it
was possible to determine the amount of anti-RhD305 antibody relative to the total amount
of antibodies in a mixture of recombinant polyclonal anti-RhD antibody. Briefly, ELISA plates
were coated with Streptavidin and incubated with PEP305 diluted to ~10pg/ml in PBS for 1h.
After incubation, excess peptide was removed by washing. The plates were subsequently

25 blocked In 2% skimmed milk/PBS and washed tree times. A recombinant polyclonal anti-RhD
antibody composed of 25 individua! anti-RhD antibodies (the sample) was added at dilutions
ranging from 1 to 16384 fold. The sample was analyzed in quadruple. In separate wells on
the same plate, serial dilutions (in triplicate) of monoclonal anti-RhD305 antibody starting at
10ug/ml were added as reference samples in order to generate a standard curve. Bound

30  antibody was detected using an anti-human IgG-conjugate (Caltag cat # H10307). The piates
were washed five times and detection was carried out by adding 25 ul of chromogene (TMB,
Kem-En-Tech). Reactions were terminated 15-25 min later by adding 25 ul of 1 M H,50..
Absorbance values were measured at 450 nm.



groups of rel ated sequences. Each synthetic peptide was coupled to Biotin
at the CGtermnus. 5 The specificity of each peptide was tested by ELI SA
Briefly, ELISA plates were coated with Streptavidin at 4 C for 12-16 h
with Streptavidin at 5g/m using 100 | per well. Then, peptide diluted to
10g/m in PBS was added, followed by incubation for 1h and renoval of
excess peptide by washing. The plates were subsequently blocked in 2%
skimed m | k/PBS and washed tree tines 55n PBS. Each of the individual
anti-RhD anti bodi es was added 10 separately at various dilutions starting
at 10 g/ m . BouRdaantive QY iMasly BRipe&iesl téisdnaghtation aithin teufatlowingg@gsonj ugat e
(Caltag cat # H10307). The plates were washed five tinmes and detection was
carri ed out—by—adding—25-+—efchronogene(TVB, Kent EN- Tech). | Reacti ons
were terni n%é%‘%B‘-?%‘%ﬁDﬁO?éPem,ﬂgy addo,oge 25 |0,af9 1 NioH2SDM. | Absor bance

val ues werg__neasut8imat 450 dm Testilng eachipeptidd—agatnst the panel of
nmonocl onal |@o#be RhD 15 _ant i bodilé®9showdd99 hat 1%28ct i wi%3P81 s dpecific for

t he appropriate individual mnemnber-protein. nce, P1 v, bound

ant i - RnD162These fate tipultabpacerdathFuys i tBhed ?ﬁﬁ{m&ﬁ%ﬁ"@%&ﬁﬁé%% only bound
ant i - RnD305gaptda1a si gnal -t o-noi se rati o above 10. Determ nation of the
anount of anti-RhD305 antibody in a reconbi nant pol ycl onal anti-RhD

anti body 207\ ISl igkidA QRBSHirdh kdttth@fsndatd @iwd 45 el samid dIRNBBRENTTTHE baomid

anti body as a reference standard | . j ek féhBRatthe anmount
of anti - RhDYBEUsSAL] %‘iﬁ‘%t?g'ﬁé?rim\?%r t%mtc e {g@%ﬂsghﬁ?fﬁ? "{jtgf anti bodi es in a

m xture of papdmmplantirRhDpwithedyoidBPleant i - RhD anti body. Briefly, ELISA plates
were coated with Streptavidin and i ncubated with PEP305 diluted to 1011g/ m
in PBS for Ahs 32-&id @lutibmchbdatdrar ODE%6 esesyrepior the samslem@fdvi@d ooy washi ng.

The plates vwere sub - ! aoh ok B1FRd sigl kI PR mndlonals hed
tree tines. C%rersg%né'ﬁ%?%gﬁtgﬁtt)gvé%f%lﬁg@&g%ﬂ@&%D antib qggtc MRBSELERABO

i ndi vi dual amtt-RhiRambaAY- THE dtelentibqd cgmqr%t)on\)\%@eégﬁgg@l at pg)i I uﬁ i ons_ rangi ng
froml 49 16RAd§ Snthle Fhaeitmanypine Thas thermkiyRhO30F Antiaddrearssents P-4 6 &pWFat e
wells on th rial dilutions (in triplicate) of nonocl onal

ant i -Rh%OSPQH‘—?%EE%ﬁbg%%aﬁ%% at 10ug/mM were added as reference sanpl es
in order to generate a standard curve. Bound 30 anti body was detected using
an anti - humgraMglEsconj ugate (Caltag cat # 1110307). The plates were washed
five times and detection was carried out by adding 25 | of chronogene (TMB,
Kem En- Techjrne RRadH edtspldi@rat@rtne net e dntfitoementidestte ideptfy seiifly 25 gl of

1 M HZSOA. S%{ets)ﬁﬁ sﬁa%ci%@flréjcﬁgn 285 FRGWHY Samtion! nB Mmdnbion B kqusd mndar d

n
| o]
curve was | iPhearly proportiona

to concentrati tlgh g@g ig!ﬁ*ow ng
i | Rl ntibody.
range: 1Rbne¥thones chEQTRItOIRRDRN NG §F 35660'6?'6% pgfalﬁgpéa ,tgl 5°pg/ oD450
1,509 0,990 0,567 0,338 These data resulted in a_st _and%r d ‘%l#’\/%t‘w th the
equat i on y=0 redBibnadt EPralnt-RE-agtibadycompped O ¢RI IUHG NP REEY ST t he
standard cunyg sasarsbed by astioh-RRcrdhdd it @natbgregtorandthe frastignsrrire collected. Each
fraction was examined by ELISA using the three anti-idiotype peptides (as described in
Example 7) in order to detect the presence of a particular anti-RhD antibody in each fraction.
20  An overlay of the chromatogram with the ELISA data performed on each fraction showed that
this method can be used to identify individual antibodies in a particular fraction (Fig. 12).
Thus, by comparing the absorbance in a patticular peak with ELISA data it is possible to
make a semi-quantitative assessment of the composition of complex mixtures of homologous

proteins.

25  EXAMPLE 9

Ensuring compositional stability is a key issue when manufacturing polyclonal proteins for
medical use. Specific peptide-ligands capable of identifying individual protein members within
a complex mixture of homologous proteins can be used to monitor the compositional stability

of a polyclonal protein during manufacturing by extracting media samples during



5 was used to calculate the concentration of anti-RhD305 antibody in the
reconbi nant pol ycl onal anti-RhD anti body sanple. At a 32-fold dilution,

t he average OD450 neasured for the sanple was 1.2410.14, corresponding to
an anti-RhD305 anti body concentration of 3.810.5 pg/m in the polyclonal
anti-RhD anti body. The total antibody concentration in the reconbi nant

pol yclonal anti-RhD 10 anti body sanple was 100 pg/m . Thus, the anti-RhD305
anti body represents 3.8 % of the polycl®nal antibody sanple. EXAMPLE 8 The
present exanple illustrates the use of anti-idiotype peptides to identify
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is possible to nmke a sem -quantitative assessnent of the conposition of

conpl ex m xtures of honol ogous proteins. 25 EXAVMPLE 9 Ensuring
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305 ant i bodires indwrin& aasiRhDenebodyrpredupieg £eiinen RNBE reandRiD3AZ prese Besd 8 a

pPWOB 5 pgodygd oL SHQPRI AR R k6! ARtRlo2 AR ingiREY mrtableady conposed of 25
uni que g%ti ?%%gr%ﬁti bog?é:s. ?sgure 13 Illustrates the distribution of the
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A feature seen for the anti-RhD antibody producing celi fines is the presence of both antibody
expressing and non antibody expressing cells within the cell line. To assess the share of
PEP202 positive cells in a mixture, the total number of expressing cells needed to be
determined. In this example, we assumed that the share of expressing cells in the mixture of
25  RhD162 and RhD202 was the same as in RhD202 alone. This could have been assessed by
doublestaining of the celis with Pep202 and anti-IgG antibody (not performed). However, the
results indicated the correctness of the assumption. The percentage of RhD202 cells bound

by PEP202 tetramer in the mixes was calculated from the percentage of cells in gate 6 (R6),

as shown in Fig. 14,

30 The percentage of the RhD202 cell line in mix a) was calculated according to the following

equation, exemplified with the measurements for mix a.

%Gate R6 mix(x) _ 14.12

= x100=45%
%Gate R6 RhD202 31.42

% RhD202 cells =



cytonetry for detection. Two individual anti-RhD antibody produci ng cel

| ines, RhD162 and RhD202, were m xed at 15 defined ratios. The percentages
of clone RhD202 are indicated in Table 16. Biotinylated peptide 202 ( PEP202
prepared in Exanple 7) was incubated with phycoerythrin conjugated
streptavidin (SA-PE) to formpeptide tetramers. The tetramers were
incubated wth the cell line mxtures for 20 mn at RT and the cells were
run through a FACS CAli bur flow cytonet® (Becton Dickinson). Cells
positive for the tetramers were gated as depicted by 20 R in Fig. 14. The

i ndi vi dual i@ ed cell lines were neasured as well (Fig. 14 A and B). A
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aci d sequen e vari et t he i ndi vi dual anti body encodi ng
sequence® als sglerigd éor Pationing the SEIERC%e desi gned for the heavy chain and/ or
| i ght chain for each

Oligonucieotide design

The primers are preferably designed such that amplicons of 70 - 150 nucleotides ate
obtained. Some possible primer designs are: A consensus forward primer annealing in the
FR3 region of the heavy or light chain variable region, and the reverse primer annealing in
15 the constant region. A TagMan probe specific for a part of the CDR region which differs
between the Individual members of the sample, preferably the CDR3 region, is designed for

each clone of interest.

A potentlal set of primers and probes for the analysis of the polyclonal cell line expressing the
following eight anti-RhD antibodies may be designed as Indicated below.

20 Forward and reverse primer for all clones:

Fw primer: CAC GGC TGA GTA TTA CTG TGC (SEQ ID NG 24}
Rw primer: TTG GTG GAG CCA CTC GA (SEQ ID NO 25)

TaqMan probes for all the individual clones are shown in Table 17.

Table 17

O L Pl PR R - I I

TRhD # | TagMan probes” | uih o it e LU e L L D e
194,07 | aca AT TTG TTC GGT GAC TAC GAT CTT AAG TCC (SEQ ID NO 26)

106" I aca can TTG AGC ACG CAA CGT GGA TAC A (SEQ ID NO 27)

12010 ¢ aGh GAG AGT ACT CIA TAT AGC AGC AGC TGG TAC A (SEQ ID NO 28)




menber represented in the polyclonal cell line. Preferably, one of the CDR
regions, CDRL, CDR2 or CDR3, is selected for designing the TagMan probe.
Most preferably, the CDR3 region 10 is selected for designing the TagMan
probe. digonucl eotide design The prinmers are preferably designed such that
anplicons of 70 - 150 nucl eoti des are obtained. Some possible priner
designs are: A consensus forward priner annealing in the FR3 region of the
heavy or |ight chain variable region, an? the reverse priner annealing in
15 the constant region. A TagMan probe specific for a part of the CDR

regi on whi crbglitif @ Soarb@irWae nerh e bﬁtdux@ gicadran@nyes sofo bhe sanpl e,

Dot ent al bt o HE s o e e e poryeT ol cel
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l'ine expr es? f.‘ GTAICUTV%’E.“EA TA%%@%%%%% (D QO ﬂq 325’8 dest|gned as

i ndi cat ed biett A AN SFETRT AR A5 M5 TR SR aF P S-SR Fwvpr]i mer:

CAC GGC TGA $28A TTiA| CoRGACP(ITT (TSEGRR BFNEFO ) (SERIP 3P 38y - TTG GTG-GAG OCA CTC
GA (sEQ I D NO 25) Ta Man probes for all the i ndi vi dual cl ones e shown in
Tabl e 17. #apfenaiye Rﬁme'#des'gn e REPVp FRATR ENCPERI SeaugRces WERIHRE WMETSTC Gt
GAC TAC GATpfuhdr 2AAGITED thSEQDK Binkidr2d a réehse pﬂmerme@vst@TGmmCAA
CGI' GGA TACTA%Ma@Elee@u N@JZ—E)’uﬁdtinQés deabatbe M RARLsARTT.CT AL 2400, AP HMELIACC TGG
TACA(SEQ%g N&éﬁ é"’?l'!P GAT GGT CTC CTA TAG CAG CAG CTG GTA CC
(SEQ I D NO ) CTC TGT TCG GGG AGT CAG TAG AT (SEQ I D NO 30) GGG
TAC TCT GTA TAG CAG CAG CTG GTA CA (SEQ ID NO 31) 31,9 .':7):'o;i. AGA
GAC CTA TAAREILEEAPaREANVEBERAGC TGG TAC (SEQ I D NO 32) 4324 . CCG ACG ATT
TTT GGA GIG GGC C (SEQ ID NO 33) An alternative primer design for the heavy
chai n encodimffiAsegeromieBNA srextrpdted fora peitpkedeqells. onRivbis vaerhRedPAGHS Hist he

VH DH j unct }Q@rs8 fdnstrib@MBgeferitieicBRA phst th ke RaFEHEPER. IAaYintbRs- ofaBsl-tinkerCRTag Man

probe in the JH C junction as_des S et at. 2000.
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Analysis of the diversity

15  The C; values of the different clones are compared to each other, and the distribution of each
clone in the polyclonal cell line is calculated. The method may be applied to assess batch-to-
batch variation as well as clonal stability over time during an individual production run.

EXAMPLE 12

The present example illustrates a method for evaluating and demonstrating the polyclonal

20 nature of a polyclonal cell line (e.g. a pWCB) capable of producing a recombinant polyclonal
antibody by means of DNA sequencing of the variable region of the heavy and/or light chain
antibody genes from single-ceall clones derived from the polyclonal cell line.

Single-cell cloning

An ampoule of the pWCB is thawed and cultured for a few days in complete medium to

25  reconstitute good cell viability., Subsequently, single-cell clones are obtained by limiting
dilution, where the cells are plated in 96-well cell culture plates at a density of 1 cell/well, in
complete culture medium. The cells are incubated at 37°C, 5% CO, for 10-20 days, and the
plates are then scored visually for wells with single colonies under a microscope.



prism 7000 (Applied Biosystens) with subsequent anal ysis using the ABI
prism 7000 SDS software. Analysis of the diversity 15 The CT val ues of the
different clones are conpared to each other, and the distribution of each
clone in the polyclonal cell line is calculated. The nmethod may be applied
to assess batch-to- batch variation as well as clonal stability over tine
during an Individual production run. EXAMPLE 12 The present exanple
illustrates a method for eval uating and @enonstrating the polyclonal 20
nature of a polyclonal cell line (e.g. a pWB) capabl e of producing a
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descri bed aggagﬁmg%%ﬁ_%%@} %ﬁ% reverse transcription step is skipped. For

characteriz reconbi nant pol ycl onal anti body, the

follow n riners 20 a used;
9 pRhD#OOl S’FCTC'I‘I'CCGCATC'GCTGTCT (SEQ ID NO 34)

RhD#007: 5’ AGGAAAGGACAGTGGGAGTGGCAC (SEQ ID NO 35)

PCR primers for VL amplification:

25 RhD#005: 5'CGTTCTTTTTICGCAACGGGTTTG (SEQ ID NO 36)
RhD#008: 5'AAGACCGATGGGCCCTTGGTGGA (SEQ ID NO 37)

Sequencing primers are:

VH: 5’AACGGGTTTGCCGCCAGAACA (SEQ ID NC 38}
VL: S'CCGAGGGACCTGAGCGAGT (sEQ ID NO 39}



PCR priners for VH anplification: RhD#0O01l: STCTCTTCCGCATCGCTGICT (SEQ I D NO
34) RhD#007: 5' AGGAAAGGACAGTGGGAGIGGCAC (SEQ ID NO 35) PCR priners for VL
anplification: 25 RhD#005: 5' CGITCTTTTTCGCAACGGGITTG (SEQ I D NO 36)

RhD#008: 5' AAGACCGATGGEEO00TTGGTGGA (SEQ I D NO 37) Sequencing priners are:
VH: 5" AACGGGTTTGCCGCCAGAACA (SEQ I D NO 38) VL: 5" CCGAGGGACCTGAGCGAGT ( SEQ
I D NO 39) 60 ELISA on single cells using anti-idiotype peptides As a

suppl enent to the nucleic acid sequenci ™, the clonal conposition of a

m xture of antibody producing cells such as a polyclonal working cell bank
can be assesseonidigndceBiusimdritr-iBiype paeideept i de ELI SA. 5 The sorted single
cells are cultivated for approximtely 14 days, thereby generating isogenic
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can be analyze
R e Y e b S

wi || provi dmtitidibyperpgatide EMBAHh respect to the nunber of clones producing a
particul ar individual nmenber. |If the anount of an individual nenber is
conpar eds 10rHe@ottétesitghd &dlis arnuivated foaxapproidmtelr Piays rYoerel gegerpling)isogeypic
measuring Q@ QJr@sI fl'onll ﬁ%&%b%!&m@é Hhe Qwetrﬁbrtﬁﬁ)’rom&héﬁé%ﬂ[ldrés?\&dn\b@ afBigadrfer f or
the fraction o cel rod u%l % % due %ﬁ gﬁ%jp %QésjlpgglE&%A agsag,lgg

pol ycl onal t@éPTES%'GFFﬁ?péC‘E%ﬁ“ b% PHEH: p@)@& i preésent exanp
denonst r at edestribed irsExaoipleczaThie mulmfeﬁ%@@rr@mcrﬂnfa‘thd@%ﬁw 6“%?14&1"‘5?5 plsc ‘i“&s 15
estimte cl &B&JcnnG'aV;%&&htavmdmdhélgnm 16 tHe@A RN of Ge selivityal SRYer éf compared
reconbi nantt[ogﬁ%%/ Eaégg@'unt o?antabausée{fodtp?r#Eeﬁg (SR By MBGbmg ﬁd@orﬁﬂl I%Hehit RaP rpAb

sanpl e, Indrvi fTom or eact or
run was purduitiess), asiupgitetiye MeapIre firige frigiog ploslls pr?gucl"g R g&# tb?“%

ant i bodi es #ibbdesin MANSBIcRAS calDbulbiTe call.bewbteinedi nact i vation at pH 3 3.

buf fer exchange using a sephadex G 25 colum 4. ani on-exchange

chromat ogr aphy usi ng a DEAE-sepharose colum 5. virus filtration using a
Pl anova 15NEfAMALERA3 and 25 6. hydrophobi ¢ charge induction chromatography
using a MEP hypercel colum 7. ultra filtration/diafiltration using a
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Down-stream processing

An anti-RhD rpAb sample, containing 25 individual members, from a developmental
bioreactor run was purified using the following DSP steps:

20 capture of the antibodies using a MAbSelect column

virus inactivation at pH 3

buffer exchange using a sephadex G-25 column

anion-exchange chromatography using a DEAE-sepharose column

virus filtration using a Planova 15N filter, and

hydrophobic charge induction chromatography using a MEP hypercel column
ultra fiitration/diafiitration using a milipore biomax fiiter

25
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Analysis of clonal diversity after individual DSP steps

Cation-exchange chromatography was used to analyse the clonal diversity during DSP of a
recombinant polyclonal antibody composition. Samples taken after step 1, 3, 4 and 6 during
30 DSP of a anti-RhD rpAb was applied onto a PolyCatA column {4.6 x 100 mm} in 25 mM
sodium acetate, 150 mM sodium chioride, pH 5.0 at a flow rate of 60 ml h-1 operated at
room temperature. The antibody components were subsequently eluted using a linear
gradient from 150 - 500 mM sodium chiloride in 25 mM sodium acetate, pH 5.0 at a flow rate
of 60 mi h-1. The antibody components were detected spectrophotometrically at 280 nm and
35  the chromatograms were compared (Fig. 15) to detect the potential loss of clonal diversity



reconmbi nant pol ycl onal anti body conposition. Sanples taken after step 1, 3,
4 and 6 during 30 DSP of a anti-RhD rpAb was applied onto a PolyCatA
colum (4.6 x 100 MM in 25 MM sodi um acetate, 150 mM sodi um chl ori de, pH
5.0 at a flowrate of 60 mMl h-1 operated at roomtenperature. The anti body
conponents were subsequently eluted using a linear gradient from 150 - 500
nmvl sodi um chloride in 25 nmM sodi um acetate, pH 5.0 at a flowrate of 60 m
h-1. The anti body conponents were detectéd spectrophotonetrically at 280 nm
and 35 the chromatograns were conpared (Fig. 15) to detect the potenti al
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has reveal ed that a substantial nunber of the individual antibodies

di spl ay a "EXapedkifpattern” as shown in Fig. 16B. Carboyxpepti dase B
treatment, as well as carbohydrate anal ysis have indicated that this
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anti-clunping agent (lnvitrogen) diluted 1:250, expanded and banked at
-150C usi ngP EE(S'%Venti onal freezing procedures. 20 The supernatants were
harvested fromthe cell cultures prior to banking, and the supernatant
were filterBwraseippand Rirfeatiop o6 4at8Hedt t he anti - RhD nonocl onal anti bodi es
using affinity chromatography (Protein A) essentjal as descri I
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peaks from E&%e%ﬁ%aﬁ%@iié@bl%c&fure%- sel ected 30 antibodies (RhD198 and

RhD307) was perforned 1 n solution, by Edman sequenci ng
20 The supernatants were harvested from the cell cultures prior to banking, and the supernatant

were filtered prior to purification of the anti-RhD monoclonal antibodies using affinity

chromatography (Protein A) essential as described in Example 1.

Strong cation-exchange chromatography

The monoclonal antibodies purified in the previous step were subjected to strong 1EX
25  chromatography essentially as described in Example 1. The IEX column of Table 18
summarizes the number of peaks present in the IEX profiles of selected antibodies, such IEX

profites are also presented in Fig. 16.

N-terminal sequence analysis

N-terminal sequence analysis of the separated peaks from the 1EX analysis of 2 selected
30 antibodies (RhD198 and RhD307) was performed in solution, by Edman sequencing

using a a Procise 494 Sequencer (Applied Biosystems, CA)} operated as described by the

manufacturer. The sequence analysis demonstrated that the charge heterogeneity was



using a a Procise 494 Sequencer (Applied Biosystens, CA) operated as

descri bed by the manufacturer. The sequence anal ysis denonstrated that the
charge heterogeneity was 62 due to partial cyclization of the N-term nal
Gn of the HC (see Table 18). Thus, the first peak contai ned antibodies
with totally blocked N-term nus of the HC (the N-termni of the HC have O
charge); second peak corresponded to antibodies where one of the NN termni
of the HC were bl ocked (the N-termni of2the HC have +1 charge), and the
third 5 peak nost likely represented anti bodies where the N-termnal G n of
t he HC wer eluetto paxdiaf dyeltka(iomef tRetNetarindrial 6fn affiee HE ($rpvi@bRl & hHugethe first

Oycli zat i orpegf chfiginbd SATBRE AL BoBR:nP Srfiiislop URMOGhy v@ndal of | {

refractory man _sequencl ng onI { %MQW es

ko so itheHE a0 StiHeL seaoTigeatek gareazpniecip qtindtits iR cRELIREN- 00

anal yzed b}tehhnhedsfrthélat weeg tletice (dralrsinsniey tea i bave hg Chéﬁﬂe)len‘hﬁlel thisdly to

SDS pag g"et%lz mVX%&. }a.feg?.bcléafam&gﬁagtvﬂqeﬁ’éfmé mwr%m@m of thenb@erd LC  band
0 ma

on thes S Were n se [ i,bodi es

har bouri ng lmimtrdifteér(?heﬁ\hFerG'ﬂi of FpetHife hiye ‘Rﬁq@I C\?&HF?ZM)‘W\X% hy ﬁ%'?/\ﬁaﬁ to be to
totally bl %K@%ud&eﬁ&@@&d&lﬁ@@u%ﬁd‘erﬁ iﬂedaﬂ‘actdﬁ)(tqi)fd]flaﬂ smuétidngeeak pattern”),
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Table 18
TR ST AN A w.-:} ,"-i o ) i " o wh T “
1635 | QVOLY: no seq.® PIQLT; PIQ 1 peak T?ﬁcl: bocked Wotomm
0
SEQ ID NO 40 SEQ ID NO 42 i
196° QVQLV; QVQLV n.d. 3 peaks | Partially blocked N~
SEQ ID NO 40 termini of HC
306° QVQLV; QVQLYV EIVLTQS; EIVLTQS | 3 peaks Partially blocked N~
termini of HC
SEQ ID NO 40 SEQ IDNO 7 __
240° QLQLQ; no seq.® DIQMT; DIQMT 1 peak Total biocked N-termini
of HC
SEQ ID NO 41 SEQ ID NO 43
305° QVQLV; QVQLV n.d 3 peaks | Partially blocked N-
st0 ID' NG 40 termini of HC
198° P1: QVQLV; no seq.® | P1: DIQMT; DIQMT | 3 peaks Total blocked &.p'artial
pP2: QVQLV; QVQLV P1: DIQMT; DIQMT blocked N-termini of HC
are seen in pl & p2,
SEQ ID NO 40 SEQ ID NO 43 respectively.
307° P1: QVQLV; no seq. d P1: DIQLT; DIQLT 3 peaks Total blocked &.p_ar’ual
P2: QVQLY; QVQLVY Pi: DIQLT; DIQLT blocked N-termini of HC
are seen in pl & p2,
SEQ 1D NO 40 SEQ ID NO 42 respectively.

sExpected and obtained N-terminal sequences are Indicated in regular and bold font style,
20 respectively. ®Data obtained from blot. “Data obtained from isolated fractions (peak 1 & 2) from




SEQ I D NO 40 SEQ I D NO 43 seen in pl & p2, respectively. 307 Pl: QUQYV,
no seq. Pl1:. DIQT; DI QT 3 peaks Total blocked & partial P2: QUQV; QVQLV
P1: DIQT; D QT blocked N-termni of HC are seen in pl SEQ ID NO 40 SEQ
ID NO 42 & p2, respectively. aExpected and obtained N-term nal sequences
are indicated in regular and bold font style, 20 respectively. bData
obtained fromblot. "Data obtained fromisolated fractions (peak | & 2)
from63 |EX analysis (analyzed in solutéon). Cyclization of the N-term nal
glutam ne residue to Pyro@u renders it refractory to Edman sequenci ng.
n.d.; not dekerdWiskeshapkdden einfRRl €cmbiioageme diermBid guidinine ceside Rverfénesi s
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encoding a_full-]en tth anti body with an N-termnal Gn in the heavy chain
and an I\I—te?’?ﬁ"‘?ﬁl:te%”g’agfﬁ?fsdue in the LC chain, was used. The VH region in
this plasmd is flanked by an Ascl site in he 3'. end of _t i I
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codon ( GAG)thier3’ ¢rveof Khet signal preYdetodingaeajpn ansid AN, XMoLHER ey 1581°8. The RhD189
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primers. PGRutagaebit aaspdtiormed witipereffalomed printels:t he Phusi on DNA pol yner ase
(Finnzynes, Finland) for 25 cycles according to the nmanufacturer's

i NSt ructj oNgnp Y5 r1aBd: 9EcEBRIIGRBIGTEYACORAIBGRERCTRGI(EQ EIINO 0#) a 1% agar ose

gel, incubated with Bi EEPNLS b agar ose gel
and cl oned RMIGITRE" C%E CER&%(or %&F?roggﬁ,(g I) acgfgrdi ng to the

manufacturer's instructions. C ones_containi ng t he VH iur|1| grr“t Jere %gri fied
by sequenci fssl sitenie e fograrhpringgy asg XppLedh e (BT SR EEa™ oM the pl asmi d
RhD189 wi t hciisetora@dcXinche Brtdrmiie afieatethgiohisgawnin Yaid e RBEIERIsTIOPO
E’:\/gsm d ""aSN\gLQ?s%Etég%ﬁﬂﬂai% fastr @E@Qﬁmimﬁhferaﬁ@ueﬂh@ﬁiﬁﬁ@ pritfeh. Wr:eraeactionst )

cher ey- Nagel, r man s pr red fr i mt he
c1 oni nos? anB S aisemd- e Briopy BNl B B, HErEPleP R pid@ . 1°
ant i body wasccsuljode tednanyfaasersAmgirustiensy ¥ Bandl aprrPaBPEh 94 de'ﬁf*gWét? b
N-terninal o5 15E5H4RRE gBginefbatdaaviti@idian dNApotyeterdsy, rebeified ph ac esmsere 6of G n

Lo oy 42t 2l dhned ' | r . ifd 8 thOmEGhutaciretdhe HC of
ant i body RnPABEPeR i aeﬁcg@igﬁécg%ég&kdml o, a3l @ thom@hute

; a rofile, resulted |
si gni fi cant ingireqtiepss Hongy @F?ﬂ'%“%hf’ E(Hd?ﬁegﬁ 61 V%E'ﬁ?( b( By ].i-ﬁel%rl{?@ aﬁ%
charge bet efragenrinay ekidd heerthe plshidfhodss it dsct pud Xt gd dPGPREY t he
N-term nal ﬁaa&nent from the pCR2.1TOPO plasmid was inserted instead. Endotoxin free plasmid
midiprep (Macherey-Nagel, Germany) was prepared from a positive colony from the cloning

and sequenced to verify the presence of the correct fragment.

The antibody was subjected to SDS-PAGE analysis, electroblotted foliowed by N-terminal
25  sequencing of the HC band to verify the replacement of Gin to Glu (data not shown).

Exchanging the N-terminal Gin to Glu of the HC of antibody RhD189, displaying a “3 peak”
1EX profile, resulted in a significant different profile with only one peak (Fig. 17). Thus the
charge heterogeneity had been eliminated successfully by changing the N-terminal Gln

residue to a Glu residue.

30 Binding assay

To asses whether the N-terminal mutation affected the functionality of the antibody, the
native antibody, RhD189, as weli as its mutated Glu counterpart, RhD189E, was assayed for

binding to RhD-positive erythrocytes.



residue to a Gu residue. 30 Binding assay To asses whether the N-term nal
mut ati on affected the functionality of the antibody, the native antibody,
RhD189, as well as its nutated G u counterpart, RhD189E, was assayed for

bi nding to RhD-positive erythrocytes. 64 Erythrocytes were prepared from
whol e bl ood obtained from healthy donors after informed consent at the

Bl ood Bank, Aal borg Hospital, DK, by washing the blood three tines in PBS
(G bco, Invitrogen, United Kingdom) cont®ining 1 % bovine serum al bumi n
(BSA, Signma- Aldrich, Germany). The erythrocytes were resuspended and
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HC In
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het er ogegei patforpedasigpddpued Prooat Eatdl.ect i ng t he bi nding pot ency to
RhD-positive erythrocytes. 65 CLAIMS 1. A nethod for characterizing a

sanpl e compai sign il &, 80 LoD aimeREagoitaing e tsinandstie dnrien e

vari abl e regi ons rein sai e by a polyclonal cell
line, such FA%P SFWF%E?%’FW% |Ggu p%?étl Aﬁgatsqaﬁwoérogg%gp?ﬁ to the relative

proportion or presence of individual honol ogous protein nenbers of said
sanpl e, theS#BEfBREA conprising analyzing aliquots of said sanple by one or
nore protein characterization techniques. 2. The net hgd accor q:l ngrtto claim
1, wherein e detgroptneitn oksisrved it EXipraiiasi Magy Apti-Bifk gntibodies was due to p

20 cydization of the N-terminal GIn residue in these antibodies. Exchanging the N-terminal GIn
for Glu residues of the HC in anti-RhD antibodies eliminates the inherent N-terminal charge
heterogeneity, presumably without affecting the binding potency to RhD-positive

erythrocytes.



are selected fromi) chronmatographic anal yses which separate proteins
according to physico-chem cal properties, ii) analysis of proteolytic

di gestions of the honol ogous proteins, iii) "bulk” N-termnal sequencing,
and iv) analysis using specific detector nolecules for the honol ogous
proteins. 3. The nethod according to &im2, conprising at |east one

i ndi vi dual chromat ographi ¢ anal ysis based on a physi co-chem cal property
selected fromi) net charge, ii) hydrophobicity, iii) isoelectric point,
and i v akfasnity. 4. The nethod according to claim2 or 3, wherein said
chromat ogr aphi ¢ anal yses are perforned as a nul tidi nensi onal

chromat ography. 5. The nethod according to claim2, wherein the anal ysis of
proteohytica d‘i@ﬁ!@d fdbmﬁaﬁf:terizh@ dearpplegotprisingtdiiferent kngrar hamnedoso as to

late N-t ti ti .
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l'ine. @xhﬁgﬁegpthod according to any one of clains 1 to 6, wherein said
sanple is derived froma cell culture supernatant. 66 9. The nethod
according to any one of the preceding clains, wherein said
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sentinel nuclei¢c acid se enc sent in said, ,sa met hod
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and anotdieulesafoathd hantlegbus proteing a genetl c analysis of the

pr ot ei n-encodi ng sequences of the cells of said culture. 12. The net hod

according to claim 11, wherein said genetic analysis is selected from
RFLP, B- RFLThe methasacardingtel gains2, epmprisitael iastum iadidvatshpmatpgraphic

Sequen%hﬁ'lgsm:lo%sed-rbﬁ'a%&?@@-cﬁ@ﬁ&%ﬁb%e? t9 saR¥teATPorAfi) hé&techargseidli ng cl ai s,
wherein é anples are obtained froma single polyclonal cell culture at

di f fer &M “Fhﬁgcﬁbﬂhl§°ﬂﬁ¢ﬂﬁ@°ﬂﬁea%%P@PUHWWon and the rel ative proportions
of said individual honologous proteins and optionally of their encoding
sequences are co red, b e obt ined fromdiffe

ol yol dnal - TR RN ferpEliate SoRRPRr cardrai saega TR e B T e

pr opor tpeeamed as aimultididhenstnal chrbmatdgogpiys protei ns and optionally of their

encodi ng sequences are conpared. 14. The nethod according to any one of the

precedi ng clains, wherein the different
5. The method according to claim 2, wherein the analysis of proteolytic digestions of

the homologous proteins is performed so as to isolate N-terminal marker peptides or

peptides with characteristic amino acid side chain functionality.

6. The method according to claim 2, wherein said specific detector molecules are anti-

idiotype peptides or anti-idiotype antibodies.

7. The method according to claim 6, wherein said anti-idiotype peptide or anti-idiotype
antibody is utilized in the determination of individual protein-producing cells in a polyclonal

cell line.

8. The method according to any one of claims 1 to 6, wherein said sample is derived

from a cell culture supernatant.



honol ogous proteins having different variable regions are reconbi nant
proteins that constitute a reconbi nant polyclonal protein. 15. The nethod
according to any one of the preceding clains, wherein the different

honol ogous proteins having different variable regions are antibodies with
different CDR regions. 16. The method®ccording to any one of the
precedi ng clainms, said nethod conprising a chromatographic analysis based
on net 9char B methadeicaondinaoieranyatite Yribe dreredgriFms; Whereihadide

het er oggAaLleYiz&@45RBabYd 6 Bhhig&s 0P Bn@br Mdresantiil pedteihg B BentiS hddlee are
subjected to a nethod wherein N-term nal charge ﬁeterogenelty IS

el | (T naEid $eBYenIeaRETSHt EaFad RRMPISr i nal gl ut ani ne resi dues to another ami no
aci d.

10. The method according to any one of the preceding claims, wherein at least two

analytic techniques are applied to analyze said sample.

11. The method according to claim 10, wherein one analytic technique is a protein
characterization technique according to any one of the preceding claims, and another
analytic technique is a genetic analysis of the protein-encoding sequences of the cells of

said culture.

12. The method according to claim 11, wherein said genetic analysis is selected from

RFLP, T-RFLP, microarray analysis, quantitative PCR and nucleic acid sequencing.

13. The method according to any one of the preceding claims, wherein (a) samples are
obtained from a single polyclonal cell culture at different time points during the cultivation,
and the relative proportions of said individual homologous proteins and optionally of their
encoding sequences are compared, or (b) samples are obtained from different polyclonal
cell cultures at a particular time point, and the relative proportions of said individual

homologous proteins and optionally of their encoding sequences are compared.

14. The method according to any one of the preceding claims, wherein the different
homologous proteins having different variable regions are recombinant proteins that

constitute a recombinant polyclonal protein.

i5. The method according to any one of the preceding claims, wherein the different
homologous proteins having different variable regions are antibodies with different CDR

regions.

16. The method according to any one of the preceding claims, said method comprising a
chromatographic analysis based on net charge, wherein recombinant proteins exhibiting
charge heterogeneity caused by cyclization of N-terminal glutamine residues are subjected
to a method wherein N-terminal charge heterogeneity is eliminated by changing said N-

terminal glutamine residues to another amino acid.



