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A PROCEDURE FOR STRUCTURAL CHARACTERIZATION OF A RECOMBINANT 

POLYCLONAL PROTEIN OR A POLYCLONAL CELL UNE 

FIELD OF THE INVENTION 

The present invention relates to a procedure for structural characterization of a recombinant 
5 polyclonal protein or a polyclonal cell line producing such a protein, in order to verify batch­

to-batch consistency of the final products as well as compositional stability during single 
production runs. In particular the present invention relates to a procedure for characterizing 
a recombinant polyclonal antibody. 

BACKGROUND OF THE INVENTION 

10 It has long been recognized that prophylactic or therapeutic administration of antibodi.es (so­
called passive Immunization) may enhance the ablllty of the body's immune system to 
eliminate infectious agents. such therapeutic antibodies have historically been obtained from 
human plasma (whence the antibody composition Is termed lmmunoglobulln or 
gammaglobulin). To obtain these antibodies, pools of blood are collected from Immune 

15 human donors and the immunoglobulln fraction ls extracted and purified. Only a fraction of 
the lmmunoglobulin wlll be specific for a particular antigen. The therapeutic use of 
lmmunoglobulln Is complicated due to several limitations such as a limited number of donors, 
expensive manufacturing, risk of infectious contaminants from donors, Inevitable batch-to­
batch variations as well as complicated administration regimens. 

20 Recombinant monoclonal antibodies have recently provided an alternative to lmmunoglobulin 
products. They are, however, only directed against a single target and may therefore not be 
as effective against targets that are complex or dynamic, such as Infectious agents. There are 
some examples of mixing monoclonal antibodies in order to overcome this problem (e.g. 
Nowakowskl,A. et al. 2002. Proc Natl Acad Sci U S A 99, 11346-11350 and US 5,126,130), 

25 Recently a technology for recombinant production of highly specific polyclonal 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 procedure for verifying the Identity and 
demonstrating consistent production of the complex mixture of antibody molecules over time. 

Further, a polyclonal antibody produced industrially using recombinant technology wlll have 
to be characterized to a certain degree In order to obtain approval as an investigative or 
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therapeutic drug from national and supranational regulatory authorities. Since the 

recombinant polyclonal antibody approach Is a completely new concept, the Issue of 

characterizing a sample comprising multiple different but highly homologous proteins with 

respect to the relative proportion of the Individual proteins In the sample has never been 

5 addressed before. Thus, blood-derived lmmunoglobulin Is generally approved based on non­

clinical and clinical efficacy data and often historical safety data, as well as crude chemistry, 

manufacturing, and control (CMC) parameters such as purity, titre of binding, and absence of 

adventitious agents. Such a simplistic approach Is of course not acceptable for recombinantly 

produced proteins. Hence, for mixtures of a few monoclonal antibodies, the regulatory 

10 guidelines state that such a mixture should be subjected to individual characterization of each 

constituent antibody In the mixture using comprehensive protein chemical characterization 

techniques coupled with biological assays. However, this Is not a technically feasible approach 

or appropriate for a genuinely polyclonal composition, based on more than 10, 20 or even 

more different antibodies. 

15 DISCLOSURE OF CONTRIBUTION 

The present invention provides a structural characterization platform fOr demonstrating 

consistent production of a mixture of different homologous proteins, such as a recombinant 

polyclonal protein, In particular a recombinant polydonal antibody, from a polyclonal cell line. 

DESCRIPTION OF THE INVENTION 

20 A prerequisite for industrial production of a recombinant polyclonal protein for prophylactic 

and therapeutic use Is the maintenance of clonal diversity during expression. Therefore, It Is 

Important to be able to monitor and measure the clonal diversity of a polyclonal cell line 

producing a polyclonal antibody, as well as the relative representation of lndlvldual proteins 

In the polyclonal protein at any desired time point, and In any relevant sample, thus allowing 

25 fOr analysis of the stability of the expression system In a single run, as well as batch-to-batch 

variation of the final product. 

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 physlco-chemlcal properties. This Is an advantage when purifying a recomblnantly 

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 slmllarlty, however, provides a 

challenge when characterizing the relative distribution of the Individual members of a 

polyclonal protein, because the similarity in the physlco-chemlcal properties makes It difficult 

to distinguish one Individual member from the other. 
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Most commonly, when producing a recombinant polyclonal protein, the original composition is 

known, because the sequences encoding the polyclonal protein have been isolated, screened 

and sequenced prior to the generation of a polyclonal manufacturing cell llne for the 

production of the recombinant polyclonal protein. For generation of such a cell line, please 

5 see WO 2004/061104, hereby Incorporated by reference. The rare exception to this may be 

situations where an unscreened or unselected llbrary, e.g. from a convalescent patient Is . 

used directly to generate a recombinant polyclonal antibody. 

To ensure that the diversity of the output (the recombinant polydonal protein) resembles the 

diversity of the Input (the library of encoding sequences) after cultivation and purification, it 

10 will be necessary to obtain Information with respect to the relative proportion of the 

lndlvidual members of the polyclonal protein and/or their encoding sequences within the 

polyclonal manufacturing cell line. The present Invention provides a structural 

characterization platform, based on genetic analyses as well as protein characterization 

techniques, capable of providing Information with respect to the diversity of both a polyclonal 

15 cell line and a polyclonal protein. 

Definltlons 

The term "anti-idiotype antibody" refers to a full-length antibody or fragment thereof (e.g. a 

Fv, scFv, Fab, Fab ·or F(ab),) which specifically binds to the variant part of an Individual 

member of a polyclonal protein. Preferably, an antl-idiotype antibody of the present invention 

20 specifically binds to the variant part of an individual member of a polyclonal antibody or a 

polyclonal TcR. The anti-ldiotype antibody specificity Is preferably directed against the 

antigen-specific part of an indMdual member of a polyclonal antibody or a polyclonal T cell 

receptor, the so-called V-reglon. It may, however, also show specificity towards a defined 

sub-population of Individual members, e.g. a specific VH gene family represented In the 

25 mixture. 

The term "anti-idiotype peptide" refers to a specific peptide-ligand, which Is capable of 

associating speclflcally and thus identifying an Individual protein member within a mixture of 

homologous proteins. Preferably, an anti-ldlotype peptide of the present invention binds 

specifically to an Individual member of a polyclonal antibody or a polyclonal TcR. The anti-

30 ldiotype peptides of the present Invention are preferably directed against the antigen-specific 

part of the sequence of an Individual antibody or an indiVldual T cell receptor. An antl­

ldiotype peptide may, however, also show specificity towards a defined sub-population of 

individual members. 

The term ""bulk" N-termlnal sequencing" refers to N-termlnal protein sequencing of a sample 

35 comprising a number of variant homologous protein molecules, e.g. a polyclonal protein. This 

bulk sequencing provides sequence Information of all the different proteins present within the 
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sample at the same time. In positions where the amino acids vary among the Individual 

members in the sample, these can be quantitated and the different amounts of individual 

amino acids at variable positions will provide Information with respect to the protein sub­

population which 1X>ntain a particular variation. If the proteins to be N-terminai sequenced 

5 contain more than one sub-unit, these are preferably separated prior to sequencing to reduce 

complexlty, e.g. if the sample Is a polyclonal antibody heavy chains may be separated from 

light chains prior to sequencing. 

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 characterized by the differences in the amino acid sequences or nucleic 

acid sequences between the Individual members of the polyclonal protein or the library of 

encoding sequences. For polyclonal cell lines the clonal diversity may be assessed by the 

variability of nucleic acid sequences represented within the cell line, e.g. as single-site 

Integrations into the genome of the individual cells. It may, however, also be assessed as the 

15 variability of amino add sequences represented on the surface of the cells within the cell line. 

The term "epltope" refers to the part of an antigenic molecule to which a T-cell receptor or an 

antibody will bind. An antigen or antigenic molecule will generally present several or even 

many epltopes simultaneously. 

The term "lmmunoglobulln" commonly Is used as a collective designation of the mixture of 

20 antibodies found In blood or serum. Hence a serum-derived polyclonal antibody is often 

termed immunoglobulln or gamma globulln. However, immunoglobulin may also be used to 

designate a mixture of antibodies derived from other sources, e.g. recombinant 

lmmunoglobulln. 

The term "individual clone" as used herein, denotes an lsogenlc population of cells expressing 

25 a particular protein, e.g. a monoclonal antibody. Such individual clones can for example be 

obtained by transfection of a host cell with a desired nucleic acid, and following selection for 

positive transfectants, a single clone may be expanded or a number of single clones may be 

pooled and expanded. A polyclonal cell line can be generated by mixing Individual clones 

expressing different indiVldual members of a polyclonal protein. 

30 The terms "an Individual member" or •a distinct member" denote a protein molecule of a 

protein composition comprising different, but homologous protein molecules, such as a 

polyclonal protein, where the individual protein molecule ls 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 add sequence between the 

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

polyclonal antibody comprised of Ab1 to AbSO, all the proteins with the sequence of Ahl will 
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be considered as an Individual member of the polyclonal antibody and Abl may for example 

differ from Ab2 proteins In the CDR3 region. A sub-population of Individual members can for 

example be constituted of the antibodies belonging to Abl, Ab12 and Ab33. 

The term "polyclonal antibody" describes a composition of different antibody molecules which 

5 is capable of binding to or reacting with several different specific antigenic detennlnants on 

the same or on different antigens. The variabll!ty of a polyclonal antibody Is located In the so­

called variable regions of the Individual antibodies constituting the polyclonal antibody, in 

particular In the complementarity determining regions (CDR)l, CDR2 and CDR3 regions. 

The tenns "polyclonal manufacturing cell line•, "polyclonal cell line•, "polyclonal master cell 

10 bank (pMCB)", and "polyclonal working cell bank (pWBC)" are used Interchangeably and 

refers to a population of protein-expressing cells that are transfected with a library of variant 

nucleic acid sequences of interest. Preferably, the Individual cells, which together constitute 

the recombinant polyclonal manufacturing cell line, carry only one copy of a distinct nucleic 

acid sequence of Interest, which encodes one member of the recombinant polyclonal protein 

15 of interest, and each copy is Integrated Into the same site of the genome of each cell. Cells 

which can constitute such a manufacturing cell line can for example be bacteria, fUngi, 

eukaryotic cells, such as yeast, insect cells or mammalian cells, especially Immortal 

mammalian cell llnes such as CHO cells, COS cells, BHK cells, myeloma cells (e.g., Sp2/0 

cells, NSO), NIH 3T3, YB2/0 and Immortalized human cells, such as Hela cells, HEK 293 cells, 

20 or PER.C6. 

As used herein, the term "polyclonal protein" refers to a protein composition comprising 

different, but homologous protein molecules, preferably selected from the immunoglobulin 

superfamily. Even more preferred are homologous protein molecules which are antibodies or 

T cell receptors (TcR). Thus, each protein molecule Is homologous to the other molecules of 

25 the composition, but also contains one or more stretches of variable polypeptide sequence, 

which ls/are characterized by differences In the amino acid sequence between the Individual 

members also termed distinct variant members of the polyclonal protein. Known examples of 

such polyclonal proteins Include antibodies, T cell receptors and B cell receptors. A polyclonal 

protein may consist of a defined subset of protein molecules, which has been defined by a 

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 ls known. Only in rare cases may a recombinant polyclonal protein resemble a 

serum-derived lmmunoglobulin in the sense that the recombinant polyclonal protein also 

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

The tenn •polyclonal T cell receptor (TcR)" describes a composltion of different TcR molecules 

which is capable of binding to or reacting with several different specific antigenic 
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determinants from the same or from different antigens. The variability of a polyclonal TcR Is 

located In the so-called variable regions of the individual TCR molecules constituting the 

polyclonal TcR, In particular In the CDR1, CDR2, CDR3 and CDR4 regions. The TcR molecules 

of the present Invention are engineered soluble dimers of the alpha-beta chains or gamma-

s delta chains. such engineered TcRs are for example described in (Willcox, B.E. et al. 1999. 

Protein Sci 8, 2418-2423). 

The term "protein" refers to any chain of amino acids, regardless of length or post­

translatlonal modification. Proteins can exist as monomers or multlmers, comprising two or 

more assembled polypeptide chains, fragments of proteins, polypeptides, ollgopeptides, or 

10 peptides. 

The term "sentinel protein" describes an Individual member of a polyclonal protein, which can 

be monitored for Its presence during production of the polyclonal protein or In different 

batches. consistency in the presence of a sentinel protein In a series of related samples will 

reflect stablfity In the expression of a polyclonal protein between batches or over time In a 

15 single production. Further, it will reflect maintenance of diversity duling downstream 

processing such as purification of a recombinantly produced polyclonal protein. 

The term "unique marker peptides" describes a number of peptides originating from the 

variable region of the Individual members of a polydonal protein. The peptides are preferably 

generated by protease treatment or other means of protein fragmentation, and the peptides 

20 which can be unambiguously assigned to a single Individual member of the polyclonal protein 

are termed unique marker peptides. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1: cation-exchange chromatograms of antl-RhD recombinant polyclonal antibody (antl­

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 - J 

comprise antibodies differing in net charge and individual antibodies appearing charge 

heterogeneous. 

Fig. 2: Gel picture showing Hlnfl RFLP analysis on RT-PCR product derived from the 

30 polyclonal 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 from a polyclonal 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. 
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Fig. 4: T-RFLP patterns of anti-Rhesus D antibody heavy chain variable regions from a 

polyclonal cell culture expressing antl-RhD rpAb with twenty-five different anti-Rhesus D 

antibodies at a given time point. The twenty-five different anti-Rhesus D clones have been 

assigned to the peaks Indicated by arrows. 

5 Fig. 5: cDNA distribution estimated by T-RFLP of eight different anti-Rhesus D heavy chain 

encoding sequences from a polyclonal cell culture which was cultivated for five weeks. 

Fig. 6: Shows the relative content(%) of an anti-RhD rpAb with eight different antibodies 

analyzed using cation-exchange chromatography. Integrated chromatographic peaks were 

assigned to individual antibodies from the retention times and peak patterns obtained from 

10 single antibodies analyzed Individually using cation-exchange chromatography under identical 

conditions. 

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

members from a sample obtained after 4 weeks cultivation. Peaks AC1 to 25 comprise 

antibodies differing In net charge and individual antibodies appearing charge heterogeneous. 

15 Fig. 8: Elution profile from a cation-exchange chromatography of a recombinant polyclonal 

anti-Rho antibody with ten indlvldual members. The letters Indicate peaks subjected to RP­

HPLC, In the second dimension. 

Flg.9: Shows an elution profile from RP-HPLC of fraction BS from Fig. 8. 

Fig. 10: Shows a 20 LC compositional analysis of a recombinant polyclonal anti-RhD antibody 

20 with ten individual members, visualized by a color-coded protein-map (represented in gray­

scale). 

Fig. 11: Shows an elution profile from a strong cation-exchange chromatography of an Asp-N 

digest of purified LC from a recombinant polyclonal antl-RhD antibody with eight individual 

members. The bold horizontal line Indicates fractions subjected to MALDI-TOF analysts for the 

25 identification of marker peptides. 

Fig. 12: Shows an overlay of the 00280 IEX chromatogram obtained on an anti-RhD rpAb with 

twenty-five individual members, with EUSA data obtained from three Individual EUSA 

analyses using the anti-ldlotype peptides PEP162, PEP202 and PEP305. The EUSA analyses 

were performed on each fraction obtained by the Ion-exchange chromatography. The EUSA 

30 data are normalized to % of total OD In order to make the three EUSA assays with PEP162, 

PEP202 and PEP305, respectively, comparable to each other. 
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Fig. 13: Shows the distribution of the three sentinel antibodies antl-RhD162, 202 and 305, at 

different cultivation time points during fermentation. GS corresponds to day 8 after 

lnoculatlon of the bioreactor. 

Fig. 14: FACS data of three cell lines stained with PEP202 tetramers. (A) shows the PEP202 

5 negative cell line RhD162. (8) shows cell line RhD202, and (C) shows a 50% mixture of cell 

lines RhD162 and Rhd202 (corresponding to mix a in the experiment). The first panel In A, 8 

and C show the FSC-SSC dot plots, where R1 is the gating for living and healthy cells based 

on size (FSC) and granularity (SSC). The histogram in the middle panel depicts the 

fluorescence intensity of cells. The R6 gate surrounds the tetramer stained cells. The final 

10 panel shows the percentages of cells in R6 used in the calculatlons. 

Fig. 15: cation-exchange chromatography profiles showing samples taken at different stages 

during down-stream processing of an antl-RhD rpAb sample containing 25 Individual 

members represented by material colleted following capture elution (A}, Sephadex G-25 (8), 

DEAE-Sepharose (C), and MEP Hypercet (D). 

15 Fig. 16: IEX profiles of three representative monoclonal anti-RhD antibodies showing three 

different charge patterns. (A} homogeneous, (B} "3 peaks" pattern, (C) complex pattern. 

Fig. 17: IEX analysts of RhD189 and the mutated Glu variant RhD189E. 

Fig. 18: Binding activity of Glu variant RhD189E, and its native counterpart Rh0189. Binding 

of the antibodies to RhD-posltlve erythrocytes was measured by FACS and the mean 

20 fluorescence intensity (MFI} is shown as a function of the antibody concentration. 

DETAILED DESCRIPTION OF THE INVENTION 

An aspect of the present invention is to provide a platform for structural characterization to 

obtain lnfonnatlon with respect to the relative proportion of Individual members in samples 

comprising (I} different homologous proteins having different variable regions or (II} the cell 

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 

composition 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 iii} 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 

polyclonal manufacturing cell line. The characterization platform is particularly useful in 

35 monitoring the clonal diversity of a polyclonal cell line and/or the representation of individual 
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proteins in a polyclonal protein produced by the cell line. Both the compositional stability 

during Individual production runs and the batch-to-batch consistency can be monitored. 

Alternatively, the platform procedures can also be applied to purified compositions of 

different homologous protein mixtures, including a polyclonal protein or a mixture of 

5 monoclonal antibodies, for example to assess the long term stablllty of the Individual 

members in such a composition. 

One embodiment of the present Invention is a procedure for characterizing samples 

comprising different homologous proteins having different variable regions or the cells 

producing such proteins, such that Information is obtained with respect to the relative 

10 proportion or presence of the individual members of said proteins or their encoding 

sequences, said procedure comprising analyzing aliquots of said samples by one dr more 

protein characterization techniques and/or by one or more genetic analyses of the protein­

encoding sequences. 

In a further embodiment of the present Invention the structural characterization platform is 

15 comprised of a number of analytic techniques selected from protein characterization 

techniques as well as genetic analyses. Thus, the structural characterization platform can be 

composed of any number of the individual embodiments described In the following sections. 

It can be sufficient to obtain Information about a sample from only one of the analytic 

techniques described in the embodiments. It is, however, preferable to obtain Information 

20 from at least 2, 3, 4, 5, 6, 7, B, 9, or 10 of these analytical techniques, thereby combining 

the individual embodiments set out below to generate the characterization platform. The 

combination of several analytical techniques allow for the generation of a more descriptive 

data set In relation to the relative or absolute composition of the polyclonal mixture. 

Information obtained from these techniques can be of a quantitative as well as a qualitative 

25 nature, that when compiled together provide an overall characterization of the samples 

analyzed. 

In preferred embodiments of the present Invention one analytic technique Is a protein 

characterization technique and another analytic technique is a genetic analysis. 

The genetic analyses refer to techniques such as restriction fragment length polymorphism 

30 (RFLP) analysis, termlnal-RFLP (T-RFLP), mlcroarray analysis, quantitative PCR such as real­

time PCR, and nucleic acid sequencing. 

The protein characterization techniques refer to techniques generally used within the field of 

proteomlcs for characterizing unknown proteins such as I) chromatographic analyses which 

separate proteins according to physico-chemlcal properties, II) analysis of proteolytic 

35 digestions of the homologous proteins, Iii) ~bulk" N-termlnal sequencing, and Iv) analysis 

using specific detector molecules for the homologous proteins. 
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An additional concept of the present invention, which Is applicable in combination with the 

analytical rechniques described above, for the characterization of a complex pool of 

homologous proteins, has been developed In connection with the present invention. The 

concept Is based on the selection of a number of sentinel proteins present in the pool of 

5 homologous prorelns (e.g. a polyclonal antibody or a polyclonal TcR) or on the surface of the 

pool of cells producing the homologous proteins (e.g. a polyclonal manufacturing cell line). 

The sentinel proteins are quantitatively and qualitatively characterized to verify that this sub­

population of proreins Is present in a consistent manner, either in the supernatant of a 

polyclonal cell culture or on the cell surface during production. The sentinel proteins can for 

10 example be analyzed using detector molecules which are specific for Individual members of 

the homologous prorelns, e.g. such as antHdlotype molecules. The sentinel protein concept 

can further be applied to asses the consistency between different cell culture batches. The 

concept of sentinel proteins can be extended to unique peptides derived from a polyclonal 

protein by protease treatment, such sentinel peptides preferably contain a part of the CDR If 

15 the polyclonal protein Is a polyclonal antibody or TcR. Analyses performed at the genetic level 

can also apply the sentinel principle, based on unique nucleic acid sequences from individual 

members of the library encoding for the polyclonal protein. In particular the nucleic acid 

sequences corresponding to the CDR regions of antibodies or TcRs can be selected as sentinel 

nucleic acid sequences, most preferred is the CDR3 region. The sentinel proteins, peptides or 

20 nucleic acid sequences may vary for the Individual analytical techniques, depending on which 

members of the polyclonal protein, or the nucleic acid sequences encoding It, can be 

distinguished With the selected an.alytlc technique. 

Genetic analyses of the clonal diversity of a polyclonal manufacturing cell line 

In some embodiments of the present Invention, the polyclonallty In an expression system for 

25 producing a polyclonal protein ls monitored by evaluating the quantity of cells encoding for a 

particular member of the polyclonal protein and/or the mRNA levels encoding for Individual 

members of the polyclonal protein. This may be monitored at the mRNA or genomic level 

using fer example RFLP or T-RFLP analysis, ollgonucleotlde mlcroarray analysis, quantitative 

PCR such as real-time PCR, and nucleic acid sequencing of the variable regions of the gene 

30 sequences obtained from the manufacturing cell line. Alternatively, the same techniques can 

be used qualitatively to demonstrate the diversity of the polyclonal cell line. The nucleic acid 

sequences encoding the polyclonal protein can be monitored on samples obtained from a 

single polyclonal cell culture at different time points drning 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 

poiyclonal protein can be monitored on samples obtained from different polyclonal 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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Preferably the sample used In the genetic analyses Is a cell culture fraction enriched for the 

cells of the culture, e.g. by precipitation. The sample Is generally obtained by harvesting a 

fraction of the cell culture at a desired time point, followed by removal of the medium, for 

example by centrifugation. Samples for comparison of batch-to-batch consistency are 

5 preferably obtained from cells at the limit for in vitro cell age for production. 

RFLP/T-RFLP 

RFLP and T-RFLP analysis can be performed at the genomic level or the mRNA level. When a 

polyclonal manufacturing cell line Is generated such that each cell only contains one copy of 

the sequence of interest, the analysis at the genomic level wlll provide Information with 

10 respect to the relative proportion of cells within the manufacturing cell line that produce an 

lndiVidual member of the polyclonal protein. On the other hand analysis at the mRNA level 

will provide Information regarding the potential expression levels of Individual members Of 

the polyclonal protein. Analysis at the mRNA level is generally performed by reverse 

transcribing the mRNA into cDNA prior to restriction analysis. It is, however, also possible to 

15 perform the analysis directly on the mRNA. 

In the termlnal-RFLP analysis the forward and/or reverse primer(s) used for the PCR or RT­

PCR are labeled resulting In a terminal labeling of the PCR fragments. After digestion with 

appropriate restriction enzymes, fragments of different sizes are generated and can be 

separated by electrophoresis, preferably capillary electrophoresis, and the fragments can be 

20 detected through the label ampllcon (Uu et al. 1997, Applied and Environmental Microbiology 

63, 4516-4522). Suitable labels may provide signals detectable by fluorescence, radioactivity, 

colorimetry, X-ray diffraction or absorption, magnetism or enzymatic activity and Include, for 

example, fluorophores, chromophores, radioactive Isotopes (particularly, 32 P, 33P, 35S and 

125 I), electron-dense reagents, enzymes, and llgands having specific binding partners. 

25 Preferably, a fluorophore Is used as label. 

In a polyclonal manufacturing cell line with a large diversity, it may not be possible to obtain 

a unique restriction fragment for each Individual encoding sequence. If such a situation 

arises, sentinel nucleic acid sequences can be selected for monitoring the clonal diversity of 

the polyclonal manufacturing cell line. Alternatively, 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. 

O/lgonudetide microarray analysis 

Ollgonucleotlde 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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from the cell line, to a probe attached to a solid surface (Guo, Z. et al 1994. Nucleic Acids 

Res. 22, 5456-5465). 

The probes can either be double-stranded cDNA sequences representative of the sequences 

expected to be present In the polyctonal cell line (either derived from the polyclonal cell line 

5 itself or from the DNA library used for transfectlng the host cells comprising the polyclonal 

cell line) or sense ollgonucleotldes (20-90 nt In length). The probes are attached to a solid 

surface, such as glass, plastic or a gel matrix, and if a double stranded probe Is used It Is 

denatured prior to performing the assay. When analyzing a polyclonal cell line expressing 

homologous proteins, e.g. a polyclonal antibody or polyclonal TcR, It Is preferred to use 

10 carefully designed oligonucleotlde probes to prevent undesired cross-hybridization between 

the probe and labeled cDNA derived from the polyclonal cell line. Such probes are designed 

on the basis of alignment of the variable region encoding sequences that were used to 

generate the polyclonal manufacturing cell line In order to design specific probes for each 

individual member of the polyclonal product. For antibodies the encoding sequences wlll 

15 primarily differ In the CDR regions with the highest degree of variability In the CDR3 region. 

Regions with the greatest variablllty are preferably used for the design of sense 

oligonucleotlde probes. The probes are preferably complementary In sequence to lndlvldual 

members comprised in the polyclonal cell line, and have as high a degree of dissimilarity to 

the other members as possible. One or more probes specific for each variable region can be 

20 used. For standardization purposes probes hybridizing with sequences In the constant region 

may be used. The probes are either spotted directly on the surface used for the hybridization 

or synthesized In situ on the surface (Pease et al. 1994. PNAS 91: 5022-5026, Singh-Gasson 

et al. 1999. Nature Blotech. 17: 974-978). 

The labeled DNA to be analyzed Is generated by harvesting the polyclonal cell population and 

25 preparing genomic DNA, total RNA or mRNA from the cells, When using genomic DNA the 

labeling Is obtained either by using suitably labeled primers or labeled nucleotides in a PCR 

amplification of the relevant encoding sequences. When using total RNA or mRNA it Is 

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, fiuorophores, chromophores, radioactive 

isotopes (particularly 32 P, 33P, 35S and"'"!), electron-dense reagents, enzymes, and ligands 

having specific binding partners. Preferably, a fiuorophore Is used as label. Where the 

encoding sequences to be analyzed are antibody heavy and light chains first-strand cDNA ls 

35 prepared by reverse transcription by priming with anti-sense primers situated in the constant 

region 3' to the variable region. lf no additional PCR is performed the synthesis is preferably 

performed with labeled nucleotides. lf 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 
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amplified. Alternatively, sense primers hybridizing to regions that are identical In all mRNAs 

(e.g. 5' untranslated region or the signal peptide-encoding sequence} can be used. The 

sense, and/or anti-sense primers can be fluorescently labeled or labeled nucleotides may be 

used In this approach. 

5 When probes and labeled DNA have been prepared, the microarray assay Is performed by 

hybridizing denatured labeled DNA to the immobilized oligonucleotldes under conditions 

optimized for low noise and high specific signal. After washing, each of the hybridized probes 

is measured and the amount of specific message calculated. 

Quantitative PCR 

10 PCR methods have previously been adapted to provide both detection and quantification of 

nucleic acid sequences In a sample, see for example Higuchi, R. et al. 1993. Kinetic 

Biotechnology 11, 1026-1030; Holland, P.M. et al. 1991. PNAS 88, 7276-7280; llvak, K.J. et 

al. 1995 PCR Methods Appl. 4, 357-362. These methods employ forward and reverse primers 

as In standard PCR plus one or more additional nucleic acid sequences that hybridize to the 

15 nucleic acid which shall be amplified. This additional nucleic acid sequence, termed a •probe", 

hybridizes to a portion of the nucleic acid to be amplified between the portions that hybridize 

to the two primers, and Is labeled In such a way that each successive PCR cycle causes a 

change In the probe or Its label. This change In the probe or Its label causes activation or 

accentuation of the label to a degree that Is related to the number of additional copies of the 

20 amplified nucleic acid during each PCR cycle. Such methods are generally referred to as •real­

time" PCR, and provide a cycle-by-cycle detection of Increasing PCR product by combining 

thermal cycling with label detection. In a particular version of the real-time PCR, the change 

In the probe or Its label Is caused by the exonuclease activity of the polymerase, e.g. the Taq 

polymerase, therefore this technique Is generally referred to as Taq or TaqMan real-time PCR 

25 (e.g. Holland, P.M. et al. 1991. PNAS 88, 7276-7280). 

Suitable labels may provide signals detectable by fluorescence, radioactivity, colorimetry, X­

ray diffraction or absorption, magnetism or enzymatic activity and Include, for example, 

fluorophores, chromophores, radioactive isotopes (particularly 32 P, 33P, 355 and 125 1), 

electron-dense reagents, enzymes, and ligands having specific binding partners. Most 

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. Uvak, 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, J. and Pingoud, A., 2003. Chemblochem. 4, 

1120-1128. During each PCR cycle, the s•-3• exonuclease activity of a DNA polymerase 
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cleaves the probe, which separates the reporter dye from the quencher dye. This separation 

results in Increased fluorescence of the reporter dye. 

During PCR, if the target of Interest ls present in a sample, the probe will anneal speclflcally 

between the forward and reverse PCR primer sites. The exonuclease activity of the DNA 

5 polymerase cleaves the probe between the reporter and the quencher dyes only If the probe 

hybridizes to the target molecule. These probes are often termed TaqMan probes. The 

increase in fluorescence Is detected only If the target sequence Is complementary to the 

probe and Is amplified during PCR. Because of these requirements, non-specific ampllflcatlon 

Is not detected. Only amplified products that contain the sequence complementary to the 

10 probe are recognized by the presence of the fluorescent signal, thereby eliminating certain 

elements related to the analysis of false-positives. Additionally, one or more other enzymes 

may be utlllzed to help limit the amplification of carry-over transcription products. 

This type of quant!l:ative PCR permits the normalization of pipetting errors and volume 

changes, which may be done by diVidlng the reporter fluorescence by a passive reference, 

15 contained within each reaction, to determine the normalized reporter signal for each 

individual reaction. SoftWare may be used to analyze the cycle-to-cycle Increase in 

fluorescence intensity and compare these data to standards in order to determine starting 

copy numbers for absolute quantification or to compare against other unknown samples for a 

comparison of relative quantity. 

20 In particular, the TaqMan real-time PCR In the present invention has been found to be 

suitable for the characteriz;;itlon of a poiyclonal cell line. Thus, when applied to a cell line 

expressing a polyclonal antibody, the technique serves to quantify the relative proportions of 

the Individual antibody encoding sequences, since a unique TaqMan probe can be designed 

for the heavy chain and/or light chain for each member represented in the polycional cell 

25 line. Preferably, one of the CDR regions, CDRl, CDR2 or CDR3, Is selected for designing the 

TaqMan probe. Most preferably, the CDR3 region is selected for designing the TaqMan probe. 

Examples of such variable heavy chain CDR3 TaqMan probes can be found in Rasmussen, T. 

et al. 2000. Exp. Hematol. 28, 1039-1045, hereby incorporated by reference. 

Nudeic add sequencing 

30 Nucleic acid sequencing is a well known technique, which can be utlllzed with the present 

Invention to provide qualitative information with respect to the diversity of a polyclonal 

manufacturing cell line. The sequencing can either be performed on slngle cells derived from 

the polyclonal cell Une by single-cell cloning or on an unprocessed sample of variant cells 

obtained from a polyclonal manufacturing cell line. 
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Sequencing on the single cell level wlll provide information with respect to the relative 

proportion of cells within the manufacturing cell line that produce an lndMdual member of 

the polyclonal protein. In this procedure a sample from a polyclonal manufacturing cell line Is 

obtained at a desired time point, and the cells encoding the polyclonal protein to be 

5 characterized are single-cell cloned, e.g. by using limited dilution or by a cell sorter such as a 

FACS Arla. The number of single cells which should be obtained from the polyclonal cell line 

sample depends on the variety of sequences expected to be represented within the cell line. 

Preferably, at least 3 times the number of Individual encoding sequences forming the Input 

during the cell line generation should be single cell sorted to give a 95% likelihood of re-

10 finding all of them In the test sample. Thus, If a library of 25 different encoding sequences 

were used to generate the cell line, at least 75 single cell clones should be obtained from the 

sample for sequencing, given than the 25 different sequences are represented In equal 

amounts. This should ensure that most of the Individual encoding sequences represented In 

the polyclonal cell fine are represented among the single cells clones, if they have not been 

15 lost during the manufacturing process. The single cells are grown to confluence in separate 

wells and aliquots from each well are used as template In nucleic acid sequencing reactions. 

The sequencing may be performed at the mRNA level or the genomic level, using an RT-PCR 

or a PCR amplification step, respectively, prior to the sequencing. Sequence Information 

obtained either on the mRNA or genomic level can determine the percentage of cells 

20 encoding each of the Individual antibody components. Further, the sequence information 

obtained at the mRNA level can be used to asses the expression level of each of the 

·individual antibodies In the polyclonal composition. In addition to the sequencing It is possible 

to perform a TaqMan real time PCR on the mRNA level to obtain information with respect to 

the potential expression level of the single cell clone. The RFLP or T-RFLP analyses previously 

25 described can likewise be performed on the single cell level. 

Sequencing on an unprocessed sample of variant cells obtained from a polyclonal 

manufacturing cell line can also provide Information with respect to the potential expression 

level of an Individual member of the polyclonal protein produced from the cell line, based on 

the relative mRNA level of the encoding sequences of the Individual members of polyclonal 

30 protein. In this procedure a sample from a polyclonal manufacturing cell line Is obtained at a 

desired time point. RT-PCR is performed 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 ff the sense and anti-sense 

primers hybridize to regions that are Identical In all mRNAs (e.g. a sense primer In the 5' 

35 untranslated 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 lndMdual encoding sequences obtained will reflect 
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the mRNA level of each Individual encoding sequence In the polydonal cell line as well as the 

potential expression level of the indlVldual protein members. 

In a further embodiment of the present invention, the genetic analyses described above are 

applied as separate analyses. Preferably, one or more of the analyses are performed on 

5 aliquots from the same sample, in order to obtain as much Information on the clonal diversity 

of the cell line as possible. The genetic analyses can alternatively be combined in a 

multidimensional manner, for example micro array analyses can be performed on the RFLP or 

T-RFLP fragments after this analysis, or the RFLP fragments can be sequenced subsequent to 

the RFLP analysis. In particular it Is an advantage to perform sequencing on RFLP fragments 

10 which represent more than one Individual component, and which cannot be separated due to 

their Identical restriction fragment size. 

Protein characterizing techniques for assessing polyc/onality 

In embodiments of the present invention, the· polydonality of a pool of homologous proteins 

or the expression system for producing the homologous proteins is monitored by one or more 

15 protein characterization techniques. Protein characterization techniques refer to any 

technique that alone or In combination with other techniques is capable of providing 

Information with respect to the presence and relative proportion of the individual members of 

a mixture of monoclonal proteins or a recombinant polyclonal protein in solution or on the 

surface of a cell present ln a polyclonal cell line. Depending on the complexity of the 

20 recombinant polyclonal protein one or more of the following techniques may be used: I) 

chromatographic separation techniques, ii) analysts of proteolytic digests of the polyclonal 

protein for identification of unique marker peptide representing individual members of the 

polyclonal protein, iii) "bulk" N-terminal sequencing, and iv) analysis using specific detector 

molecules, e.g. for characterization of sentinel protein members of the polyclonal protein. 

25 The sample containing the different homologous proteins can be a mixture of purified 

monoclonal proteins, or a polyclonal protein. The polyclonal protein can for example be 
! 

derived from a cell culture supernatant obtained from a polyclonal cell culture, e.g. In the 

fonm 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 affinity purification, 

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

the characterization of the recombinant polycional protein since they do not provide any 

separation of the different homologous proteins In the composition. 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. 
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The different homologous proteins constituting the polyclonal protein can be monitored on 

samples obtained from a single polyclonal cell culture at different time points during the 

cultivation thereby monitoring the relative proportions of the individual polyclonal protein 

members throughout the production run to assess Its compositional stability. Alternatively, 

5 different homologous proteins constituting the polyclonal protein can be monitored on 

samples obtained from different polyclonal 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 consistency. 

Chromatographic separation techniques 

10 Chromatographic separation of the indlvldual members of the polyclonal protein may be 

based on differences In physlco-chemlcal properties such as I) net charge (exemplified by 

Ion-exchange chromatography (IEX)), ii) hydrophobicity (exemplified by reverse-phase 

chromatography (RP-HPLC), and hydrophobic interaction chromatography based on salt 

concentration (HIC)), Ill) lsoelectric points (pI values) (~mpllfied by chromatofocusing) or 

15 Iv) affinity (exemplified by affinity chromatography using anti-ldiotype peptides/antibodies, or 

proteln-L chromatography for the separation of Kappa and Lambda antibody light chains). A 

fifth well known chromatographic technique, Is based on the following physico-chemical 

property: Size. This is, however, not a particularly suitable technique for characterization of 

homologous proteins such as a polyclonal antibody or polyclonal TcR, since all the members 

20 are of essentially the same size. Separation by size can be omitted completely from the 

characterization platform. Some of these abovementioned chromatographic techniques have 

been employed In separation of lmmunoglobulln classes such as IgA, IgG and IgM (Gallo, P. 

et al. 1987. J. Chromatogr. 416, 53-62) or sub-classes such as, IgG1, IgG2, IgG3 {Scharf, o 

et al. 2001. J. Viral. 7S, 6558-6565) from for human serum. However, separation with 

25 respect to the diversity of the ind!Vldual antibodies In a serum-derived lmmunoglobulln or a 

recombinant polyclonal antibody has not previously been performed. 

a) Ion-exchange chromatography 

In embodiments of the present invention Ion-exchange chromatography is used to separate 

Jnd!Vldual members of a recombinant polyclonal protein or a sub-population of Individual 

30 members of a polyclonal protein. The separation by ion-exchange chromatography is based 

on the net charge of the lndlvldual 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 polydonal protein 

wlll normally bind to a negatively charged cation-exchange media as long as the pH Is well 

below the lowest pl-value oft~e indlvldual members of the recombinant polyclonal protein 
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composition. The individual members of the bound recombinant polyctonal protein can 

subsequently be eluted from the column dependent of the net charge of the Individual 

proteins using typically an increasing gradient of a salt (e.g. sodium chloride) or an 

Increasing pH value. Several fractions wlll be obtained during the elution. A single fraction 

5 preferably contains an individual member of the polyclonal protein, but may also contain 2, 3, 

4, 5, 6, 7, 8, 9, 10, 15, 20 or more distinct members of the polyclonal protein. The general 

principles of cation and anion-exchange are well known In the art, and columns for Ion­

exchange chromatography are commercially available. 

b) Chromatofocus/ng 

10 In further embodiments of the present Invention chromatofocuslng Is used to separate 

Individual members of a recombinant polyclonal protein or a sub-population of individual 

members of a polyclonal protein. The separation by chromatofocuslng is based on differences 

In the pl values of individual proteins and Is performed using a column buffer with a pH value 

above the pl value of the recombinant polyctonal protein. A recombinant polyclonal protein 

15 where the Individual members have relatively low pI values will bind to a positively charged 

weak anion-exchange media. The individual members of the bound recombinant polyctonal 

protein can subsequently be eluted from the column dependent on the pI values of the 

Individual members by generating a decreasing pH gradient within the column using a 

polybuffer designed to cover the pH range of the pI values of the Individual members. 

20 Several fractions wlll be obtained during the elution. A single fraction preferably contains an 

Individual member of the polydonal protein, but may also contain 2, 3, 4, 5, 6, 7, 8, 9, 10, 

15, 20 or more distinct members of the polydonal protein. The general principles of 

chromatofocuslng using anion-exchangers are well known In the art, and anion columns are 

commercially available. Chromatofocuslng with cation-exchangers Is also known in the art 

25 (Kang, X. and Frey, D.D., 2003. J. Chromatogr. 991, 117-128, hereby Incorporated by 

reference). 

c) Hydrophobic Interaction chromatography 

In further embodiments of the present Invention hydrophobic interaction chromatography Is 

used to separate individual members of a recombinant polyctonal protein or a sub-population 

30 of lndiVldual members of a polyctonal protein. The separation by hydrophobic Interaction 

chromatography Is based on differences In hydrophobicity of the Individual proteins In the 

composition to be separated. The recomblnantly produced po.lyclonal protein Is bound to a 

chromatography media modified with a hydrophobic ligand In a buffer that favors 

hydrophobic interactions. This Is typically 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 will 

subsequently be eluted from the column dependent of the hydrophobicity of the Individual 
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members typically using an Increasing gradient of organic solvent (RP-HPLC) or decreasing 

gradient of a chosen salt (HIC). Several fractions will be obtained during the elution. A single 

fraction preferably contains an Individual member of the polyclonal protein, but may also 

contain 2, 3, 4, 5, 6, 7, B, 9, 10, 15, 20 or more distinct members of the polyclonal protein. 

5 The general principles of hydrophobic interaction chromatography are well known In the art, 

and columns for RP-HPLC as well as HIC are commercially available. 

d) Affinity chromatography 

In further embodiments of the present invention affinity chromatography Is used to separate 

Individual members of a polyclonal protein or a sub-population of individual members of a 

10 polycional protein. The separation by affinity chromatography ls based on differences in 

affinity towards a specific detector molecule, ligand or protein. The detector molecule, ligand 

or protein or a plurality of these (these different options are just termed ligand In the 

following) are immobilized on a chromatographic medium and the recombinant polyclonal 

protein ls applied to the affinity column under conditions that favors interaction between the 

15 Individual members and the lmmoblJlzed ligand. Proteins showing no affinity towards the 

immobilized ligand are collected in the column flow through and proteins showing affinity 

towards the immobilized ligand are subsequently eluted from the column under conditions 

that disfavors binding (e.g. low pH, high salt concentration or high ligand concentration). 

Several fractions can be obtained during the elution. A single fraction preferably contains an 

20 individual member of the polyclonal protein, but may also contain 2, 3, 4, 5, 6, 7, 8, 9, 10, 

15, 20 or more distinct members of the polyclonal protein. The ligands which can be used to 

characterize a recombinant polyclonal protein are for example target-antigens, antl-ldlotype 

molecules, or protein L for the separation of antibodies With Kappa or Lambda light chains. 

Affinity chromatography with target-antigens will be particular relevant where a recombinant 

25 polyclonal protein comprises affinities towards more than one epltope. The target may for 

example be a cancer cell or a virus or a combination of targets, which contain many epltopes. 

These epltopes can be synthesized synthetically and Immobilized on a chromatographic 

medium. The assay can be designed with one epltope per column or several different 

epltopes per column, thereby allowing for characterization of the recombinant polyclonal 

30 . protein mixture with respect to the distribution of individual members towards the particular 

epltopes. Alternatively, the complete antigens or target molecules can be immobilized on a 

chromatographic medium. 

Affinity chromatography with antl-idlotype molecules (e.g. anti-ldlotype peptides or antl­

idlotype antibodies) which specifically bind to Individual members of a polyclonal protein or a 

35 sub-population of such Individual members can be perfonmed 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 
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Individual antHdlotype molecule only binds specifically to one Individual member, but not to 

other members of the recombinant polyclonal protein, although an antHdiotype molecule 

which binds a defined sub-set of members also Is applicable In the present Invention. 

Preferably, antHdiotype molecules are generated towards all the individual members, such 

5 that the complete polyclonal composition can be characterized. Where the recombinant 

polyclonal protein Is a polycfonal antibody or TcR, the anti-idlotype molecules are directed 

against the antigen-specific part of the sequence of an antibody or a T cell receptor. The antl­

ldlotype molecules can be lmmobillzed to the chromatographic medium individually, such that 

one column contains one antl-ldlotype molecule, whereby Information about a particular 

10 protein member or sub-population of proteins Is obtained. The flow-through can then be 

appfled to a second column with a second immobilized antHdiotype molecule and so forth. 

Alternatively, several different anti-idlotype molecules are Immobilized on the same 

chromatographic medium applied to the same column. Elution is then performed under 

conditions that allow for the individual proteins to be eluted in different fractions, e.g. by 

15 adding Increasing amounts of free idiotype molecules to the column, or using a pH or salt 

gradient. With this approach, It will be possible to obtain information on the proportions of 

several members of the polyclonal protein with a one dimensional analysis. 

Where the recombinant polyc!onal protein Is a polyclonal antibody, this may be composed of 

individual members which either contain a Kappa light chain or a Lambda light chain. In such 

20 a polyclonal antibody, the antibodies with a Lambda light chain may be separated from the 

antibodies with a Kappa light chain by using the lack of affinity towards Protein L for Lambda 

lfght chain antibodies. Thus, a subset of antibody members containing the Lambda fight chain 

can be separated from a subset of antibody members containing the Kappa light chain using 

Protein L affinity chromatography. The Kappa and Lambda antibody subsets can subsequently 

25 be characterized further using alternative chromatographic techniques for Individual antibody 

quantification e.g. as described above. 

Multidimensional chromatography 

Depending on the complexity of the variant homologous proteins In the sample to be 

analyzed, e.g. a recombinant polyclonal protein, It may be desirable to combine two or more 

30 of the chromatographic techniques described above in a) to d) In a two-dimensional, three­

dlmenslonal or multidimensional format. It Is preferred to use llquld 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. J.Chromatogr.B Analyt.Technol.Blomed.Llfe Sci. 782, 183-196; WO 01/58925 and 

WO 01/58926. The method has been used to compare protein expression of healthy cells and 



21 

cancer cells, thereby generating a differential display at the protein-level. Further, three­

dlmenslonal chromatography, where the third dimension Is separation by size, has been 

described In WO 03/102539 for the separation of proteins in for example cell extracts, 

thereby likewise generating a differential display. 

5 In fUrther embodiments Of the present invention multidimensional Chromatography is used 

for the characterization of different homologous proteins within a sample. In particular 

samples of homologous proteins having different variable regions, such as antibodies and T 

cell receptors are' characterized with multidimensional chromatography. Preferably, the 

additional dimension Is performed on the fractions obtained during elution in the preceding 

10 dimension. However, the flow-through can also be used for further dimensional analysis. This 

may In particular become relevant when the preceding dimension Is affinity chromatography. 

In one embodiment of the present Invention multidimensional chromatography Is used In the 

separation of lndlvlclual antibody molecules with respect to their diversity, either from a 

polyclonal antibody (serum-derived lmmunoglobulln or recombinant) or a mixture of 

15 monoclonal antibodies. Preferably the multidimensional chromatography Is liquid 

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 multidimensional chromatography Is liquid chromatography. 

Generally, It is attempted to use chromatographic techniques based on different physlco­

chemlcal properties In the different dimensions In a multidimensional chromatography, e.g. 

separation by charge In the first dimension and separation by hydophoblclty In the second 

dimension and affinity In the third dimension. However, some chromatographic techniques 

25 can provide additional separation when used in a subsequent dimension, even If they exploit 

similar physico-chemlcal properties of the protein. For example additional separation can be 

obtained when chromatofocusing ls 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 employed 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, lf sufficient separation Is 

obtained with Ion-exchange chromatography (IEX), it is not necessary to perform 

35 chromatofocuslng, RP-HPLC, and so forth. If 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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an exhaustive list of possible combinations of chromatographic techniques, or as an 

exhaustive list of the techniques themselves. 

Table 1 

1" dimension 2"" dimension 3'" dimension 4m dimension 5"' dimension 

IEX Chromatofocusing RP-HPLC/HIC Protein L affinity AntHdiotype 
affinitv 

JEX RP-HPLC/HIC Protein L affinity Anti-idiotype 
affinltv 

IEX RP-HPLC/HIC Anti-idiotype Protein L affinity 
affini•" 

!EX Protein L affinity Anti-ldlotype 
affinttV 

RP-HPLC/HIC 

!EX Protein L affinity RP-HPLC/HIC Anti-idiotype 
affinitv 

!EX Anti-ldiotype Protein L affinity RP-HPLC/HIC 

affini"' 
JEX Anti-idiotype RP-HPLC/HIC 

affinltv 
Chromatofocusing IEX RP-HPLC/HIC Protein L affinity Antl-ldiotype 

affinity 

Chromatofocuslng RP-HPLC/HIC Protein L affinity Anti-ldiotype 
affinitv 

Chromatofocusing RP-HPLC/HIC Anti-ldiotype 
affinitv 

Chromatofocusing Protein L affinity RP-HPLC/HIC Anti-Idiotype 
afflnltv 

Chromatofocusing Protein L affinity Antl-idlotype RP-HPLC/HIC 
affinitv 

Chromatofocusing Antl-ldiotype Proteln-L affinity RP...HPLC/HIC 
affinlfv 

HIC IEX/ Protein-L affinity Anti-id lo type 

chromatofocusin<l affinltv 

HIC Protein L affinity IEX/ Antl-ldlotype 
chromatofocusino afflnlh' 

HIC Protein L affinity Antl-ldlotype IEX/ 
afflnitv chromatofocuslna 

HIC Anti-idiotype JEX/ RP-HPLC/HIC 
afflnltv chromatofocuslna 

Protein L affinity RP-HPLC/HJC IEX/ AntHdlotype 
chromatofocusino affini"' 

Protein L affinity JEX/ RP-HPLC/HJC Antl-ldiotype 

chromatofocuslna affinftv 

Protein L affinity Anti-ldlotype IEX/ RP-HPLC/HJC 
affinltv chromatofocusina 

Protein L affinity Anti-ldlotype RP-HPLC/HIC !EX/ 
affinih' chromatofocuslna 

Antl-ldlotype !EX/ RP-HPLC/HIC Protein L affinity 

afflnlhi chromatofocuslna 
Antl-Idlotype RP-HPLC/HJC JEX/ Protein L affinity 

afflnitv chromatofocuslna 

Antl-idlotype Protein L affinity JEX/ RP-HPLC/HIC 

affinih' chromatofocusina 

Anti-Id lo type Protein L affinity RP-HPLC/HJC IEX/ 

afflnltv chromatofocuslna 
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In preferred embodiments of the present invention, the multidimensional liquid 

chromatography (LC) Is a two-dimensional LC technique selected from the first two 

dimensions shown In Table 1. 

In further preferred embodiments of the present invention, the multidimensional LC Is a 

5 three-dimensional LC technique selected from the first three dimensions shown In Table 1. 

As an alternative to multidimensional LC techniques, lmmunopreclpltation combined with a 

suitable electrophoresis technique, such as gel electrophoresis or capillary electrophoresis, 

and subsequent quantification of the antigens can be used to characterize a recombinant 

polyclonal protein. This technique will be particularly useful to characterize a recombinant 

10 polyclonal antibody targeted against complex antigens. A recombinant polyclonal antibody 

targeted against e.g. a complex virus antigen can be lmmunoprecipltated using a labeled 

antigen mixture and protein A beads. The antigens could subsequently be separated using 

lsoelectric focusing or 20 PAGE followed by quantification of the individual antigens, reflecting 

the amount of antibodies in a recombinant polyclonal antibody targeted against the specific 

15 antigens. 

Elimination of N-termlnal charge heterogeneity in recombinant proteins 

In the protein characterization techniques described In the above, heterogeneity of the 

individual protein in a pool of homologous proteins may complicate the characterization even 

further, since a single protein may result in several peaks In for example an IEX profile. 

20 Heterogeneity Is a common phenomenon In antibodies and other recombinant proteins, and 

Is due to enzymatic or non-enzymatic post translational modifications. These modifications 

may cause size or charge heterogeneity. Common post-translational modifications include N­

glycosylatlon, methionine oxidation, proteolytic fragmentation, and deamldation. 

Heterogeneity can also originate from modifications at the genetic level, such as mutations 

25 Introduced during transfectlon (Harris, J.R, et al. 1993. Biotechnology 11,1293-7) and 

crossover events between variable genes of heavy and light chains during transcription (Wan, 

M. et al. 1999. Blotechnol Bloeng. 62,485-8). These modifications are epigenetic and thus not 

predictable from the genetic structure of the construct alone. 

Some of these post-translational modifications which may result In heterogeneity may be 

30 dealt with prior to characterization. Charge variation arising from enzymatic removal of c­

terrnlnal lysine can be solved by the use of specific carboxypeptidase inhibitors or treating 

the antibody with carboxypeptldase to simplify the overall pattern (Perkins, M. et al. 2000. 

Pharm Res. 17,1110-7). Size variation arising from differences In the glycosyiatlon pattems, 

may also be dealt with by enzymatic deglycosylatlon using for example PNGase F, Endo H, o-

35 Glycosldase or Neuramlnldase. 
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Chemical degradation of proteins, such as deamidation has been shown to be a significant 

problem during production and storage and result In charge heterogeneity. Deamldation of 

Asn to Asp and formation of lsoAsp (isoaspartyl peptide bonds) take place under mild 

conditions (AsWad, o.w. et al. 2000. J Pharm Biomed Anal. 21, 1129-36). These 

5 rearrangements occur most readily at Asn-Gly, Asn-Ser, and Asp-Gly sequences where the 

local polypeptide chain Hexlbility ls high. 

Another cause of charge heterogeneity may result from the N-termlnal blockage by 

pyroglutamic acid (PyroGlu) resulting from cyclizatlon of N-tennlnal glutamlne residues 

(deamidation). Such post-translational modifications have been described for lgG as well as 

10 other proteins. Partially cycllzatlon of the N-terminal of an antibody, especially If both HC and 

LC are Involved, will result in charge heterogeneity giving a complex IEX pattern. Potential 

IEX patterns due to the formation of an N-termlnal PyroGlu on one or more of the VH and VL 

chains of an antibody are shown In Fig. 16. If a sample comprising different homologous 

proteins having different variable regions, such as a recombinant polyclonal antibody, Is to be 

15 characterized by techniques based on the net-charge, It is obvious that such an analysis will 

be complicated even if just a few of the sample components have IEX patterns as shown in 

Ag 16B and C, since this will mask the clonal diversity In an IEX profile of for example a 

polyclonal antibody composition. This problem cannot be solved by the use of the specific 

enzyme, pyroglutamate amlnopeptidase, first of ail because the deblocklng has to be 

20 performed on reduced and alkylated antibodies In order to obtain high yields of the deblocked 

antibodies (Mozdzanowskl, J. et al. 1998Anal Biochem. 260,183-7) not compatible with a 

subsequent IEX analysis, and second because It will not be possible to obtain a 100% 

cleavage for all the antibodies. 

A further aspect of the present Invention therefore relates to the elimination of charge 

25 heterogeneity caused by cycllzation of N-termlnal glutamlne residues. This aspect of the 

Invention Is particular useful if combined with any of the previously described characterization 

tools, which are based on the physlco-chemlcal property net charge, e.g. IEX 

chromatography and chromatofocuslng. The formation of N-termlnal PyroGlu residues Is 

eliminated by ensuring that no polypeptide chain contains a N-termlnal glutamlne, e.g. by 

30 changing said N-termlnal glutamine residue to another amino acid. If the protein Is a 

heteromerlc protein composed different sub-units, preferably all N-termlnal Gin residues are 

exchanged for other residues. For antibodies Gin residues at the N-termlnal 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-tenninal glutamine residues are replaced by glutamlc acid residues, since this is the 

uncharged derivative of glutamlne. In a recombinant polyclonal protein, the Individual 

sequences encoding for the members must be changed and re-Inserted Into an expression 
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vector to generate a new cell line expressing the changed protein. This cell line can then be 

included into the collection of cells producing the polyclonal protein. 

Analysis of proteolytic digestions of the variable region of homologous proteins 

A protein sample comprising different homologous proteins having different variable regions 

5 can, as described in the above, be characterized based on the physlco-chemlcal properties of 

the Intact proteins using a range of chromatographic techniques. The Information obtained 

from these previously described analyses can additionally be supplemented with information 

obtained from analysis of proteolytic digestions of the homologous proteins. Preferably, the 

proteolytic digestion is performed on an aliquot of the same sample as the chromatographic 

10 analyses of the Intact proteins were performed on. 

In further embodiments of the present Invention, Identification of unique marker peptides 

originating from the variable region of the Individual members of a composition of 

homologous proteins Is used to characterize the protein composition for the presence of the 

Individual members in a qualltatlve manner. These unique marker peptides are generated by 

15 proteolytic digestion of the protein composition (sample) comprising the different 

homologous proteins. 

In order to perform peptide mapping of the variable regions of a mixture of homologous 

proteins, it Is Important that the part or parts of the vartable regions which differentiate the 

Individual members within the mixture from the other members are kept intact after the 

20 proteolytic digestion. Hence, one or more proteases should be selected such that at least one 

unique sequence, also termed a marker peptide, can be obtained for each Individual member 

of a recombinant polyclonal protein. Where the mixture of homologous proteins is a 

recombinant polyclonal antibody or recombinant polyclonal TcR, the sequences which 

differentiate the Individual members from each other are normally characterized by the CDR 

25 regions. The choice of protease, proteases or chemical compounds used to generate the 

unique marker peptides is based on an analysis of the protein sequences constituting the 

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

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

are well known Jn the art and can for example be trypsin, endo Glu-C, lysyl endopeptidase, 

30 endo Arg-C, endo Asp-N or endo Asn-c. These are merely examples and should not be 

considered as limiting to this embodiment. 

When a polyclonal protein sample Is digested with one or more selected proteases, a pool of 

peptides oliginating both from the constant and the variable regions from all the Individual 

members wlll be generated. A proportion of the unique marker peptides wlll show differences 

35 In their physlco-chemlcal properties compared to the main population of peptides originating 

from the constant regions. The unique marker peptides can therelbre be Isolated using one of 
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the chromatographic techniques described in the above. Preferably, Ion-exchange 

chromatography or RP-HPLC specifically designed for peptide separation ls used to separate 

the unique peptides from the major fraetion of constant region peptides. Multidimensional 

chromatographic techniques as previously described can likewise be applied to separate the 

5 unique marker peptides. Following separation in one or more dimensions, mass spectrometry 

(MS) can be used for identification of the different peptides. MS techniques known by the 

skilled person within the field of proteomlcs can be used for the Identification of the peptides. 

Preferred MS techniques are matrix-assisted UV laser desorption/Ionization (MALDI) time-of­

flight (TOF) mass spectrometry, and electrospray Ionization time-of-flight (ESI-TOF) mass 

10 spectrometry. 

Alternatively, proteolytic digestion can be performed on Intact proteins separated by one 

dimensional or multldlmenslonal chromatography as described in a) to d) and in the 

~Multidimensional liquid chromatography" section above, followed by proteolytic deavage of 

the separated protein fractions. These digests can then be analyzed by MS (Kachman, M.T. et 

15 al. 2002. Anal.Chem. 74, 1779-1791). This approach can be an advantage for 

characterization of very complex polyclonal proteins, since It can be applied selectively to a 

proportion of the fractions obtained by one dimensional or multidimensional analysis of the 

Intact proteins In order to characterize these further. 

Proteolytic digestion can furthermore be performed In order to Isolate N-termlnal marker 

20 peptides, if these contain unique variable regions. The N·termlnal peptides can be Isolated as 

essentially described in Gevaert, K. et al., 2003. Nat.Blotechnol. 21, 566-569, hereby 

Incorporated by reference. Briefly, the free amino groups in the recombinant polydonal 

protein are blocked, e.g. by acetylatlon, and the protein mixture Is subsequently digested 

with a suitable protease. The digestion generates a free N-termlnal amino group on Internal 

25 peptides which are subsequently blocked with a compound allowing separation of Internal 

peptides from N-terminal peptides. Such compounds can be I) 2,4,6·trinltrobenzenesulfonlc 

acid (TNBS) as described by Gevaert which allow for Isolation by hydrophobic Interactions II) 

biotin, followed by subsequent removal after binding to tmmoblllzed streptavidin, or iii) pre­

actlvated matrices (e.g. NHS-activated, CNBr-actlvated, ECH Sepharose material, or UltraUnk 

30 bis·acrylamide support with Azlactone groups) followed by centrifugation whereby the bound 

internal peptides are separated from the acetylated N·terminal peptides, which are present In 

the supernatant. Isolated acetylated N-termlnal peptides can subsequently be analyzed by 

one dlmenslonai or multidimensional liquid chromatography combined with MS analysis as 

described in the above. Alternatively, the N-terminals of the Intact proteins are blocked with 

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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Additionally, Identification of unique marker peptides following proteolytic digestion can be 

performed using characteristic amino acid side chain functlonality. One or a combination of 

different affinity techniques that captures peptides contalnlng specific amino acid residues 

with and without relevant amino acid side chain modification can be used. Peptides 

5 containing e.g. cysteine, methionine, tryptophan, histidine, and tyrosine can be purified using 

column material or beads immobilized with specific affinity tags that captures peptides 

containing these amino acid residues (Bernhard, O.K. et al. 2003. Proteomics 3, 139-146; 

Chelius, D. and Shaler, T.A., 2003. Bloconjug. Chem. 14, 205-211; Gevaert, K. et al. 2002. 

Mol.cell Proteomics 1, 896-903; Gygl, S.P. et al., 1999. Nat.Blotechnol 17, 994-999). Unique 

10 variable region peptides containing a cystelne and a tyrosine can for example be captured on 

a streptavldln column following blotinylation of the cysteine residue and subsequently after 

elution of the cystelne containing peptides these can be applied to either a column or beads 

that specifically binds tyrosine residues. This peptide capture based on affinity to specific 

amino acid residues can be performed as an additional dimension to the previously described 

15 chromatographic techniques like RP-HPLC and ion-exchange chromatography. First, the 

chromatographic techniques are applied to a proteolytic digest of the recombinant polydonal 

protein In one or more dimensions, then the amino add-specific capture is performed on one 

or more fractions in a final dimension followed by analysis by MS. The Isolation of peptides 

based on side chain functionality can further be performed In combination with the N-

20 terminal peptide Isolation technique. 

Where the recombinant polyclonal protein to be analyzed by proteolytic digestion followed by 

peptide Isolation Is a multlmerlc protein, separation of the subunits is preferably performed 

prior to the proteolysis In order to simplify the ''fingerprinting" of the proteolytic digest. This 

can for example be performed by reduction and alkylatlon of the free cystelne resldues 

25 followed by gelflltratlon to separate the subunits, e.g. separation of heavy chains from light 

chain or alpha chains from beta chains If the polydonal protein Is an antibody or TcR, 

respectively. Alternatively, proteolytic digestion can be performed under native conditions. 

Particularly for antibodies this can be a suitable alternative, since the quaternary structure of 

an antibody leads to a high resistance to proteolytic cleavage Within the constant regions. 

30 Thus, proteolytic 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 

sentinel concept, by selecting sentinel peptides which can be characterized within a 

proteolytic digest. 

35 "Bulk" N-termlnal sequendng 

As described, N-terminal sequences can be Isolated and used for fingerprinting a proteolytic 

digest of a polyclonal protein. Alternatively, the N·terminal sequence can be sequenced 
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directly from the intact protein, thereby omitting the proteolytic step. "Bulk" N-terminal 

sequence analysis of a protein sample comprising different homologous proteins having 

different variable regions can be used to compare purified batch products of for example a 

recombinant polyclonal protein. Where the polydonal protein Is a recombinant polyclonal 

5 antlbOdy or TcR the "bulk" N-termlnal sequencing Is preferably performed on pools of 

separated heavy and light chains or separated alpha and beta chains, respectively. In a pool 

of for example homologous heavy chains some amino acid positions may be completely 

conserved whereas other positions may vary, this can b'! assessed by alignment of the amino 

acid sequences. Thus, several different amino acids may be obtained during particular rounds 

10 of sequencing. For example, position four may be represented by five different amino acids In 

a polydonal sample, as predetermined by alignment of the homologous sequences. During 

the "bulk" N-terminal sequence analysis these varying amino acids can be quantitated and 

the different amounts of Individual amino acids representing e.g. position four in a 

recombinant polyclonal antibody can be used to compare the relative composition of different 

· 15 samples. 

Characterization of complex homologous protein mixtures with spedfic detector molecules 

The characterization platform of the present Invention further employ specific detector 

molecules, where each specific detector molecule is capable of identifying an individual 

protein member within a complex mixture of homologous proteins, thereby assisting In 

20 monitoring the presence of the particular member In a sample. Specific detector molecules 

can for example be specific ligands such as small organic molecules, peptides or proteins with 

specificity for an Individual member of a polyclonal protein. In particular, ligand-peptides or 

proteins such as anti-idiotype peptides or antHdlotype antibodies are preferred embodiments 

of the present Invention. A detector molecule which binds a defined sub-set of the complex 

25 mixture of homologous proteins Is also applicable In the present Invention. 

Specific detector molecules can be used to characterize complex mixtures of homologous 

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, tit) 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 llne 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-ligands capable of Identifying !ndlVldual protein members 

within a complex mixture of homologous proteins, vast libraries of filamentous phage 
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expression vectors that display foreign ollgomeric peptides on the virion surface can be 

screened by affinity, followed by purification of the phages which display a foreign peptide 

that binds to an antibody, TcR or another desired individual protein member (Scott and Smith 

1990. Science 249, 386-90). EP 1 106 625 In particular describes the generation of peptides 

5 capable of binding to antl-RhD antibodies for immunization purposes. The displayed peptide 

llbrarles are approximately between 5 and 50 amino acids long, and preferably between 7 

and 20 amino acids long, even more preferred between 8 and 15 amino acids long and most 

preferred between 9 and 12 amino acids long. When the relevant peptides have been 

identified, they can be synthesized. 

10 The generation of anti-idlotype antibodies Is generally known in the art. Briefly, mice are 

Immunized with the antibody towards which anti-idiotype antibodies are desired. Monoclonal 

antibodies are generated from immunized mice, which are screened for productlon of an anti­

idlotype antibody with the desired specificity using for example hybridoma technology or 

phage display. Anti-ldlotype peptides or anti-ldiotype antibodies should be characterized With 

15 respect to specificity and potential cross-reactivity. This analysis will verify whether an antl­

idlotype peptide or antHdiotype antibody recognize a specific member or alternatively 

recognize a subset of closely related members within a polyclonal protein (for antibodies, 

related members may for example be a specif!c VH gene famlly). 

The antl-idlotype peptides/antibodies can be applied In lmmunodetectlon assays such as 

20 EUSA, FLISA, or RIA for a direct quantification of the individual member proteins (e.g. a 

specific antibody or specific TcR). Alternatively, the antHdiotype peptides/antibodies can be 

applied in affinity chromatography, either alone or as a first or additional dimension followlng 

other chromatographic separations as previously described. Immonoprecipltatlon Is an 

additional procedure where the detector molecules can be used to separate and characterize 

25 Individual members of a polyclonal protein. Further, antl-ldlotype peptide or antl-ldiotype 

antibody can be used for Isolation and/or determination of Individual protein producing cells 

In a polyclonal cell line. The techniques described by Borth, N. et al. 2000-2001. Biotechnol 

Bioeng. 71, 266-273 and Brezlnsky, s.c. et al. 2003. J. Immunol. Methods 277, 141-155, are 

both applicable for Isolating Individual protein producing cells from a cell culture. 

30 Potentially, it is possible to generate specific detector molecules for each and every Individual 

member In a polyclonal protein to obtain 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 lndlvlduai members, so-called sentinel 

proteins, within a recombinant polyclonal protein for quantitatively and/or qualltatlvely 

35 characterization to ensure that this collection of Individual protein members is consistently 

expressed and purified In different batches of the recomblnantly produced polyclonal protein. 

This approach can in particular be used to simplify the characterization of a complex pool of 
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protein molecules. The concept of sentinel proteins as representatives of a recombinant 

polyclonal protein does not only apply to the specific detector molecule, virtually any of the 

previously described characterization techniques or combinations of these can apply the 

concept of sentinel proteins or peptides. Further, the sentinel proteins can vary from 

5 technique to technique. Some specific members of the polycional protein may separate 

particularly well based on the difference In their physlco-chemical properties, whereas antl­

Idiotype peptides with high affinity are particular useful for the separation of proteins with 

Identical physlco-chemlcal properties. 

In embodiments of the present Invention, one or more specific detector molecules are used 

10 to monitor the relative proportion of one or more sentinel proteins in samples comprising 

different homologous proteins having different variable regions. Consistency In the proportion 

of one or more sentinel proteins in a series of related samples will reflect the compositional 

stablllty in the expression of a polyclonal protein between batches as well as over time In a 

single production run. Further, it can assess the compositional stabillty during long term 

15 storage of a recombinant polyclonal protein or a mixture of monoclonal proteins. 

In preferred embodiments of the present Invention, sentinel proteins of a recombinant 

polyclonal protein are characterized by one or more of the following techniques, I) antl­

ldiotype peptide/antibody affinity chromatography, ii) immunodetection with anti-idiotype 

peptides/antibodies, Ill) multldlmensional chromatographic Isolation of Intact members with 

20 respect to their characteristic physico-chemical properties, and iv) proteolytic peptide 

mapping using chromatography and MS. 

Complexfy of a mixture of different homologous proteins to be characterized 

A sample to be characterized by the platform of the present Invention comprises a defined 

subset of different homologous proteins having different variable regions proteins, for 

25 example a polyclonal protein or antibodies with different CDR regions.( e.g. a polydonal 

antibody or a mixture of monoclonal antibodies) or T cell receptors with different COR regions 

(e.g. a polydonal TcR or a mixture of monoclonal TcRs). It Is of preference that the different 

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, 104, 105 or 106 distinct 

variant members. Usually, no single variant member constitutes more 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 100/o of the 

total number of individual members In the final polycional composition. 
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In the case of antibodies the complexity of the antlgen{s) targeted wlll Influence the number 

of distinct variant members in the polyclonal protein composition to be characterized utilizing 

the platform of the present Invention. With small or not very complex targets, for example a 

small target protein, a polyclonal protein composition that comprises between 3 to 100 

5 distinct variant members will be established for characterization, and It Is preferred that the 

number of variants does not exceed 90, or iaven 80 or 70. In many Instances, the number of 

distinct variants will not exceed 60 or so, and it ls preferred that the number of variants are 

In the range between 5 and 40, such as between 5 and 30. Whereas for more complex 

targets, for example viruses with complex or Interchangeable surface proteins, or 

10 encompassing several virus subtypes, a polyclonal protein composition that comprises 

between 20 to 500 distinct variant members will be established for characterization. For very 

complex targets, where the antigen comprises many different molecules, a polyclonal protein 

composition comprising between 50 to 10,000 distinct variant members may need to be 

characterized according to the present Invention. 

15 In one embodiment of the present invention the sample comprising the different homologous 

proteins having different variable regions ls a polyclonal antibody. The polyclonal antibody 

can be composed of one or more different antibody lsotypes, such as the human lsotypes 

IgGl, IgG2, IgG3, lgG4, IgAl, and IgA2, or the murlne lsotypes IgGl, IgG2a, IgG2b, IgG3, 

and IgA. 

20 In one embodiment of the present Invention the sample comprising the different homologous 

proteins having different variable regions Is a polydonal TcR. 

EXAMPLES 

In the following examples various antl-RhD recombinant polyclonal antibody (antl-RhD rpAb) 

compositions comprised of different lndlVidual antl·RhD antibody members or the celi lines 

25 producing the antl-RhD rpAb have been used to Illustrate the structural characterization 

platform of the present Invention. The individual antl-RhD-speclflc antibodies and the cell 

lines producing them correspond to those deserlbed 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 0-

30 negative donors Immunized with RhD-positlve erythrocytes. The library was panned for anti· 

RhD-speclflc 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 slte­

speclflc 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 
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table 2. These numbers correspond to the SEQ ID NOs In the present assignee's International 

patent application PCT/DK2005/000501 titled "ANTI-RHESUS D RECOMBINANT POLYCLONAL 

ANTIBODY AND METHODS OF MANUFACTURE" and filed on 18 July 2005. The seq id's of 

Table 2 must be distinguished from the SEQ ID NOs of the present application, since these 

5 are not identical. The constant region of the heavy chains corresponds to human IgGl. 

Table 2 List of lndiVidual antl-RhD antibodies/cell clones used in the following examples. 

·:~~f~J~l~' ;~~~~~1l.~¥-JMJ!~. l~!Q:il'S~~~ M'\ll~ifl.~ 'f~J~Jii~~ij' ~~~;~::~!Ji!ii 
li'-;~J -...: ~1.,..~, ··t?t.ft., ii!··?.;.~.=t ·· ;iS.f._t.t.: /~~::'rd {$~~" ~lCt~1<J~"t'~1$_ :ti~i;i~g:r~r/· =':"': ·:·~eR =rd~~:~ 

RhD157 RhD157.119D11 35 91 147 203 

Rh0158 Rh0158.119B06 36 92 148 204 

RhD159 Rh0159.119B09 37 93 149 205 

RhD160 RhD160.119C07 38 94 150 206 

RhD161 RhD161.119E09 39 95 151 207 

RhD162 Rh0162.119G12 40 96 152 208 

RhD163 RhD163.119A02 41 97 153 209 

RhD189 Rh0189.181E07 42 98 154 210 

RhD190 Rh0190.119FOS 43 99 155 211 

RhD191 RhD191.119E08 44 100 156 212 

Rh0192 RhD192.119G06 45 101 157 213 

RhD196 RhD196.126H11 49 105 161 217 

RhDl97 RhD197.127A08 so 106 162 218 

RhD198 RHd198.127F10 51 107 163 219 

RhD199 RhD199.164E03 52 108 164 220 

Rh0201 Rh0201.164H12 54 110 166 222 

RhD202 RhD202.158E07 55 111 167 223 

RhD203 RhD203.179F07 56 112 158 224 

Rh0204 RhD204.128A03 57 113 169 225 

RhD207 RhD207.127All 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 

Rh0293 RhD293.109A09 71 127 183 239 

RhD301 RhD301.160A04 79 135 191 247 

RhD305 Rh0305.181E06 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 Rh0319.187A11 87 143 199 255 

RhD321 RhD321.187G08 88 144 200 256 

RhD324 RhD324.231F07 90 146 202 258 
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EXAMPLE 1 

The present example illustrates the generation of a polyclonal manufacturing cell line, and 

characterization of the batch-to-batch variation on the protein level using a chromatographic 

technique in one dimension and at the genetic level using RFLP analysis. 

5 Establishment of a manufacturing cell line for anti-Rhesus D recombinant polyclonal antibody 

production 

Ten cell lines each expressing a distinct recombinant anti-Rhesus D antibody from a specific 

site on their genome {RhD157.119D11, RhD158.119B06, RhD159.119B09, RhD161.119E09, 

RhD163.119M2, RhD190.119FOS, Rh0191.119E08, RhD192.119G06, RhD197.127A08 and 

10 RhD204.128A03) were selected and mixed to constitute the recombinant polyclonal 

manufacturing cell line. Rh0197 and RhD204 were Lambda clones whereas the remaining 

were Kappa clones. 

After the cell cultures expressing the Individual anti-Rhesus antibodies were fully adapted to 

serum free suspension culture In shaker flasks they were mixed in equal cell number, thereby 

15 generating a polyclonal CHO-Flp-In (019) cell line. The mixed cell culture was centrifuged and 

frozen down in aliquots of 10 x 106 cells/tube. 

Two tubes (3948 FCW065 and 3949 FCW065) were thawed and cultured Individually for 11 

weeks in 1000 ml shaker flasks containing 100 ml Excell302 serum-free medium with 

neomycin. 

20 The supernatant was harvested and filtered prior to purification of the antl-RhD rpAb. 

Clonal 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 antl-RhD rpAb expressed from the polyclonal CHO-Fip-In (019) cell line Is an IgG1 

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

column lmmoblllzed with Protein A. The individual antibodies Interacted with lmmoblllzed 

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. 
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The antl-RhD rpAb compositions obtained from aliquot 3948 and 3949 (FCW065) after 9 

weeks of cultivation were analyzed using cation-exchange chromatography. The Protein A 

purified anti-RhD rpAb was applied onto a PolycatA column (4.6 x 100 mm) In 25 mM sodium 

acetate, 150 mM sodium chloride, pH 5.0 at a flow rate of 60 ml h"1 operated at room 

5 temperature. The antibody components were subsequently eluted using a linear gradient 

from 150 - 350 mM sodium chloride In 25 mM sodium acetate, pH 5.0 at a flow rate of 60 ml 

h·1• The antibody components were detected spectrophotometrlcally at 280 nm. The 

chromatogram (Fig. 1) was subsequently Integrated and the areas of the Individual peaks A-J 

were used to quantitate antibody components (Table 3). The total area of the peaks was set 

10 to 100 %. The chromatograms from the two aliquots showed an identical peak distribution, 

as well as similar ccncentratlons of the components In each peak. From these results It can 

be ccnduded that aliquots of the same polyclonal cell line grown under identical conditions 

will produce anti-RhD rpAb with a similar distribution of Individual antibody members. 

The lndiVidual members of the anti·RhD rpAb were assigned to one or more particular peaks 

15 (summarized In Table 3). This assignment is based on chromatograms obtained for lndiVldual 

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 IEX profile. The RhD190 Ab should 

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 toss of done RhD190 corresponds to 

a 10% reduction of diversity which is considered acceptable with respect to diversity of the 

25 final antl-RhD rpAb composition. 

Table 3 

~91.,:~~i::· 12.0 10.2 RhD157 This peak represent at least three 

,'. iili1/ '':: · RhD159 different Ab's 
f ~; .. , ... , RhD192 

·'(;•, .. ,,/t' 5.2 5.3 RhD191 
1.2 0.8 (RhD158) 

:'E~ :,. . '·· 10.9 14.4 RhD204 

Not actually assigned to this peak, but 
It is likely to be. RhD158 may also be 
reoresented In other oeaks. 

'"'.f""·~; ·..-;·-;· -'2='=4"'.3,,,_ __ +-"2'::3~.0=----1-'Rh~D,..,1;-:9:-::7:------1 This clone split Into several peaks, due· 

1-';r;:;...>'-'. '.·-'·+: ..:lc:.3,_,.6'----+-"1=2::.:.5'---+-"Rh,,,0=19'-'7'------t to heterogeneity. 

· fi',. "-'''·' 3.3 4.0 RhD197 
.'I• .:.; .. 14.0 13. 7 RhD161 
:;J.·:: "··:-.•. 10.5 10.5 RhD163 
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mRNA composition: 

The donal diversity within the polyclonal CHO-Flp-In (019) cell line after 11 weeks of 

cultivation was estimated by RT-PCR-RFLP analysis. Briefly, cell suspensions corresponding to 

5 200 cells were subjected to a freeze-thaw procedure and these lysates were used as template 

In a RT-PCR using One-STEP RT-PCR kit (Qlagen) with primers amplifying the light chain. The 

primer sequences were: 

Forward primer: 5'-TCTCTTCCGCATCGCTGTCT (SEQ ID NO 1) 

Reverse primer: 5'-AGGAAAGGACAGTGGGAGTGGCAC (SEQ ID NO 2) 

10 The RT-PCR products were digested with Hlnfl and analyzed by agarose gel electrophoresis, 

visualizing the restriction product with ethldlum bromide staining (Fig. 2). 

The expected size of the restriction fragments obtained by Hlnfl digestion of the RT-PCR 

amplified light chains are shown for each individual clone In Table 4. Six unique fragment 

sizes on the gel, which could be assigned to lnd1Vldual members of the polycional antl-

15 Rhesus o antibody encoding genes, are indicated in bold. Not all unique fragments could be 

Identified on the gel, these are Indicated In Italic. This, however, does not necessarily 

preclude that these clones are actually represented In the culture, since the fragments may 

either not have been separated sufficiently from other fragments to be Identifiable, 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 ethldlum bromide molecules and therefore are less visible. 

Table4 

~.f!h.D.#-,;~. :,~57J!.i~ . .. . ~··.~·~ 
~'i.':i~,':t,~ _\• .. . llf,:l 

.. , . ,., .:~·•· 

t-'1,:5!/-:.!: "'ill&&.'- ;! I ~ ... ':!!:;: .:.:i:·sa·:l'.!.i .......... 'i"-!fo~:.' - .. . _a .,, P.i -:;\ )I, . ... '~i!'J2~~i .. 't1. ),~'i .. :~ ;~0,4.-:'; 
825 671 505 696 505 502 475 671 743 521 

Hin fl 138 138 320 138 166 191 268 149 138 167 

fragment 76 126 138 126 154 138 138 138 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 llne, showed a slmllar 

25 expression pattern In the gel, although the Intensity of the bands were not completely 

Identical. This Indicates that aliquots of the same polyclonal cell line grown under Identical 

conditions will produce antl-RhD rpAb with a slmllar clonal diversity. 
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Summary 

Ten cell lines each expressing a monoclonal antl-RhD antibody were mixed In order to 

generate an anti-RhD rpAb manufacturing cell line, which after 9 weeks of cultivation still 

maintained 90% of the Initial diversity. After 11 weeks of cultivation mRNA from six different 

5 clones could be unambiguously identified and several other clones are likely to be 

represented In the band at approximately 500 bp. 

The fact that two aliquots of the polyclonal CHO-Ap-Jn {019) cell lines showed similar results 

with respect to clonal diversity, Illustrates that reproducible results can be obtained between 

different batches. 

10 EXAMPLE2 

The present example illustrates the characterization of a polyclonal cell culture with eight 

members over time. The clonal diversity of the culture was assessed at the genetic level 

using RFLP analysis and at the protein level using a chromatographic technique in one 

dimension. 

15 RFLP analysis to estimate done diversity In polydonal cell cultures 

The distribution of the Individual clones In a polyclonal cell culture 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 (Qiagen) and suitable primers. 

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

Reverse transcription 55 oc for 30 min 

Denature 95 oc for 15 min 

30 start cycle loop (35 cycles) 

Denature 

Anneal 

Elongate 

95 oc for 30 sec 

60 oC far 30 sec 

72 oc for 5 min 



End cyde loop 

Elongate 

Finish 

72 oc for 15 min 

8 oc forever 
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For analysis of the light chain the following primers were used for the RT-PCR amplification: 

5 The reverse primer was 6-carboxyftorescein (FAM) labeled and the primer sequences were as 

follows: 

VL Forward primer: 5'-TCTCTTCCGCATCGCTGTCT (SEQ IO NO 1) 

CL Reverse primer: 5'-FAM-AGGAAAGGACAGTGGGAGTGGCAC (SEQ ID NO 2) 

Twenty µI of the RT-PCR product was digested with 1 U of NheI, 1 U of Pstl and 1 U of Hlnfl 

10 (all from New England Bioiabs) in NEBl for 2 hours. 

The labeled fragments were detected by fluorescence capillary electrophoresis on an ABI3700 

(Applied Biosystems) at Statens Serum Institute, Copenhagen, DK. 

The expected fragments for each of the antl-RhD antibody producing cell clones are shown In 

Table 5 and the FAM labeled fragments are Indicated In bold. 

15 Table 5 

';ff.lip'~'..\'; '~·~if~ . ·-··· :.~ .. ~ .. ·1t.;I', 
·~,ai!i)..;t\·~ •1.: ~ .. ~t:;,. :~r,_w~ . ,!l .. · ;;::i&it.t~ - - , •. ,!-! r~~.3-~·~2 ,~"fill' . " '2. ":;,, • 

~· ., ... 
'6)'&. (L .•. ~1ild.f~l!. ii . • .• :~~-- i'~~'4;~i 

475 696 516 422 690 682 761 513 

210 138 166 318 138 138 138 166 

NheI/PstI/HlnfI 
138 76 138 138 76 76 76 138 

76 67 76 76 67 67 67 76 
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 eight 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 polyclonal cell line. 

For analysis of the heavy chain variable region within the same polyclonal cell line the RT­

PCR amplification was carried out with VH-speclfic primers. The primer sequences were as 

follows: 

VH Forward primer: 5'-FAM CGTAGCTCTTITMGAGGTG (SEQ ID NO 3) 

25 VH Reverse primer: 5'-HEX-ACCGATGGGCCCTTGGTGGA SEQ ID NO 4) 
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Twenty µI of the RT-PCR product was digested with 1 U of Rsal and 1 U of Ndel (all from New 

England Biolabs) In NEB2 for 2 hours. 

The labeled fragments were detected by fluorescence capillary electrophoresis on an 

ABI3700. The analysis was performed by Statens Serum Institute, Copenhagen, DK. 

5 The expected T-RFLP patterns are shown in Table 6, where the FAM labeled fragments are 

shown in bold and the HEX (6-C.rboxy-2',4,4',5,7,7'-hexachlorofluoresceln succlnlmldyl 

ester) labeled fragments are underscored. 

Table 6 

iiii'D~· ,-:;-mr 11:1r·~·~.···~ l'f'.ii~~ .. ~~~t -~:~ .. =-•·,•;. -I ~"·:; • ~l'.~t-l. ~),\9'1!i' 
·····"['"'.;c. 

......... r i-~ .. £:. ~. ; i<ill~. ~v~;?1,. ~ . ..,_ .... , -~· i32.~1 ..... > .. . . 
203 429 186 350 435 328 232 266 

RsaI/Ndel 166 142 fill. ~ 118 ill 
Fragment 63 79 22 79 

size 22 9 9 

9 

The polyclonal cell line was cultivated over 5 weeks and once a week samples were taken for 

10 T-RFLP analyses. The analysis was performed on the variable heavy chain, but could have 

been performed on the light chain as well If desired. 

After capillary electrophoresis of the restriction fragments, the relative peak areas were 

integrated and used to estimate the clonal diversity of the polyclonal cell culture. The relative 

quantities over time are shown In Figure 5. 

15 Based on these results, It seems that RhD196 Increase whereas RhD203 seems to decrease 

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 shou Id be possible to obtain a precise fingerprint of the clonal diversity within the 

20 polyclonal cell culture, for example In cells at the limit of in vitro cell age or at any given time 

point during cultivation. 

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 also 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. 
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Cation-exchange chromatographic analysis to estimate clonal diversity in a polydonal cell 

culture 

The antl-RhD rpAb produced from the same polyclonal cell culture as used in the T-RFLP 

analysis described above was analyzed using cation-exchange chromatography. The protein A 

5 purified recomblnantly produced polyclonal antibody was applied onto a PolycatA column {4.6 

x 100 mm) In 25 mM sodium acetate, 150 mM sodium chloride, 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 - 350 mM sodium chloride in 25 mM sodium acetate, pH 5.0 

at a flow rate of 60 ml h-1
• The antibody components were detected spectrophotometrically at 

10 280 nm and the chromatogram was subsequently Integrated and the area of Individual peaks 

was then used to quantitate antibody components. The relative quantities over time are 

shown In Figure 6. 

Summary 

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 level are good equlvalents for 

assessing the compositional diversity of a cell 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 clonal diversity of the culture was assessed at the genetic level 

using T-RFLP analysis and at the protein level using a chromatographic technique In one 

25 dimension. 

T-RFLP analysts of the variable parl: of the heavy chain genes derived from a polydona/ 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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The RT-PCR was carried out with the VH-speclfic primers described in Example 2 and 

restriction fragmentation was carried out likewise. 

T-RFLP of the twenty-five different anti-Rhesus D encoding sequences will, If all genotypes 

are present, result in seventeen different FAM labeled fragments. Some fragments will 

5 represent up to three different genotypes whereas others will represent a single genotype. 

The expected sizes of FAM labeled fragments are shown In Table 7 together with the relative 

quantities of the different FAM labeled fragments over time. Further, one example of a T­

RFLP profile Is shown in Figure 4 

Table 7 

1 9.5 5.0 5.3 4.8 4.6 

1 

2 0.8 0.2 0.2 0.2 o.o 
3 

1.5 0.8 0.9 1.1 0.7 
3 

4 0.9 0.3 0.3 0.4 0.4 

5 7.4 3.6 1.7 1.0 o.o 
6 1.0 0.8 0.6 0.5 0.0 

7 10.3 8.0 7.2 7.9 7.8 

8 
6.0 3.4 3.8 5.9 8.9 

8 

9 5.1 1.8 1.7 1.8 1.3 

10 3.8 4.3 5.6 5.2 3.7 

11 3.3 1.8 1.3 0.8 o.o 
12 11.7 10.5 10.1 9.9 11.1 

13 

13 11.3 17.1 17.5 18.1 17.2 

13 

14 6.5 7.1 8.3 11.0 16.8 

15 6.8 9.4 8.3 7.5 4.9 

16 4.8 13.7 12.5 7.2 4.0 

17 

17 9.4 12.3 14.8 16.8 18.7 

17 
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It was possible to separate the restriction fragments to an extent that allowed lnfonnatlon to 

be obtained for twelve Individual clones of the twenty-five clones constituting the cell line. 

The remaining fractions could potentially be subjected to sequencing In order to obtain more 

5 lnfonnatlon on the remaining clones. 

cation-exchange chromatngraph/c analysis to estimate dona/ diversity in a po/ydonal eel/ 

cu/wre expressing twenty-five different anti-Rhesus D antibodies 

The anti-RhD rpAb produced from the same polyclonal cell culture as used in the T-RFLP 

analysis described above, was analyzed using cation-exchange chromatography. The protein 

10 A purified recomblnantly produced polyclonal antibody was applied onto a PolycatA column 

(4.6 x 100 mm) In 25 mM sodium acetate, 150 mM sodium chloride, 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 - 350 mM sodium chloride in 25 mM sodium acetate, pH 5.0 

at a flow rate of 60 ml h-1
• The antibody components were detected spectrophotometrlcally at 

15 280 nm and the chromatogram was subsequently Integrated and the area of individual peaks 

was used to quantltate 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 (ACl to 25), as 

well as the representation of the Individual antibodies in each antibody component (peak). 

The assignment of ind!Vidual 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 identical conditions. 

25 Table 8 

1,7 1,06 0,81 

'."""·cf,z<t,.·: .. : 151 293 .~ ... ••• r ' 3,63 3,83 3,97 3,89 3,06 

.4c'a>::, 151, 192 2,66 2,8 2,89 2,83 2,34 

5,1 4,1 2,99 
:. ~.i.":'. :·r:.; :;; 159, 189, 
a·AC='4-·i:r· ,,~· 
i·i~' .: ;• . ::. ;-~~ 199 6,11 5,52 
:;A(: ... s ··~:.: 319 2,18 1,94 1,33 1,08 1,26 

A'c' . ,. ·,.6 '< 241, 191 6,01 6,4 6,32 5,42 4,1 

3,38 2,95 2,63 
'.:· •• ; J: 189, 192, .:fie 1 
;"i1: .• '·:· .:··~·. ~J 199,201 3,89 4,21 

'.{Ad. a\:·;,: 160 12,1 15,77 18,71 17,59 15,56 
1'.09{".! 

'.',. 203, 191 2,65 3,89 3,69 3,99 4,14 
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2,86 3,63 4,35 3,66 3,92 

1,43 1,63 1,5 2,27 2,02 

2,5 3,35 3,92 4,16 3,64 
2,44 2,61 3,12 4,23 6,07 

8,33 7,22 7,36 8,49 4,01 
3,82 2,71 2,15 1,86 7,86 

t;i~~~:: ~'~.) 196 240 
~~'Ci~'~ I I 

., ~' .' 324 7,57 5,12 4,86 6,89 7,79 

197' 321 2,27 1,44 1,51 1,39 2,83 ' ~~c=~~-+'-"-~~~~+-~~~~--1~~~~~-+-=-'-"-~~~J-='-"-''---~~ 

" P.;. 196, 240 3,8 2,63 2,87 3,98 6,35 

f.'J"&.,~:a:~ 207 t.f.\t ... ~. •' ~ ....... , . ·,ta:..· • 
J.!11.~4"'t 207 
Jt(;,~.)~ 207 

4,58 

2,86 
2,07 
3,33 
2,46 
1,58 

1,39 

0,59 
2,61 
3,87 
3,48 

0,83 

0,77 0,71 0,86 
0,36 0,83 0,42 
1,58 1,65 1,93 
2,56 2,41 2,87 
1,73 1,52 1,92 
2 0,75 0,87 

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 containing 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 ACl 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-idiotype 

10 peptides, proteolytic peptide mapping, N-termlnal 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, over 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 
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cultivation with the T-RFLP analysis. Potentially, more clones could be identified by sequence 

analysis of fragments representing more than one clone. The distribution Of antibody 

components was analyzed using cation-exchange chromatography and in the present 

example it Is seen that the distribution of the 25 analyzed components is relatively stable 

5 during cultivation Although unique Identification of all Individual antibodies Is difficult due to 

the inherent charge heterogenous nature of the expressed antibodies It was demonstrated in 

the present example that antibody component 8 representing the RhD160 antibody showed 

the highest antibody level during the cultivation period In accordance With the high T-RFLP 

values obtained for group 13 representing the RhD160, 293, and 196 clones. Furthermore, 

10 the RhD 207 component, which could be uniquely Identified by T-RFLP as well as by cation­

exchange chromatography, showed T-RFLP levels of 10-11% and slightly lower levels of 5.5-

10% obtained at antibody level. Overall, the two techniques together demonstrate a 

relatively stable production at the mRNA and antibody level during cultivation; however, 

potential discrepancies between the two techniques could also be seen, Illustrated by the 

15 apparent loss of transcription of some clones at weeks 5 of cultivation contrasting the results 

obtained at the antibody level. Thus, the present example justifies the complementary use of 

both techniques to define cultiVatlon Intervals within which stable production of complex 

poiyclonal protein can be obtained. 

EXAMPLE4 

20 The present example Illustrates a compositional analysis of a polyclonal antl-RhD antibody 

with ten individual members derived from a polyclonal cell culture. The diversity of the 

polyclonal antibody sample was assessed using two-dimenslonal liquid chmmatography which 

separated the antibodies based on differences in their net charge and hydrophobicity, using 

cation-exchange In the first dimension and reverse phase (RP)-HPLC in the second 

25 dimension, respectively. 

A polyclonal antl-RhD antibody sample with ten lndiVldual members was derived fmm a 

polyclonal cell culture. The antl-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 polyclonal antibody onto a ProPac 

30 WCE10 column (4 x 250 mm) In 25 mM sodium acetate, 150 mM sodium chloride, pH 5.0 at 

a flow rate of 60 ml h-1 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-1• The antibody components were detected spectrophotometrically at 280 nm 

35 and fractions corresponding to particular peaks were collected and further concentrated prior 

to analysis by RP-HPLC. 
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The fractions Indicated In Ag. a were further separated In a second dimension using RP­

HPLC. The second dimension was performed on a Summit HPLC system (Dlonex, CA) using a 

Zorbax Poroshell 300SB-C8 column {2.1 x 75 mm (5 µm), and the HPLC system was 

configured as recommended In the Instructions for the Poroshell column {Agilent 

5 Technologies, CA). Antibody components collected from the cation-exchange chromatography 

were applied onto the column (5 µI) In 10% CH3CN, 0.1% TFA, 0.3% PEG at a flow rate of 

120 ml h"1 and eluted by a linear gradient of 90% CH3CN, 0.08% TFA, 0.3% PEG. The column 

was operated at 70 •c. All of the antibody component samples resulted in chromatograms 

with one or two narrow peaks. The RP-HPLC profile of an antibody component BS is shown In 

10 Fig. 9. 

Summary 

Since cation-exchange chromatography in the first dimension separates the Individual 

antibodies differing In net charge as well as individual antibodies appearing charge 

heterogenous, several antibodies can be represented In a single peak. 

15 Several antibody components were separated resulting In a rather complex profile as shown 

in Fig. a. As illustrated In Example 2 and 3 it is possible to Identify the Individual components 

In each peak by a comparative analysis with monoclonal antibodies analyzed under identical 

conditions. This was, however, not performed In the present experiment since the purpose 

was to provide a fingerprint for comparison of samples among each other without having to 

20 assign each monoclonal antibody In the rpAb. Thus, the combination of cation-exchange 

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 monoclonal antibodies 

to characterize the Individual members of the complex rpAb. 

25 EXAMPLE 5 

The present example Illustrates the characterization of a polyclonal antl-RhD antibody with 

eight Individual members derived from a polyclonal cell culture. The diversity of the 

polyclonal antibody was assessed using ~bulk" N-terminal sequence analysis. 

The N-terminal sequences of the lndlVldual members present In the poiyclonal antl-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. 
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Table 9 

'f,'.~)'ifo' ff.? i 'fiit~r.ffiiiiaii1~'il · i:itin~s1ral' ·1;.1c: i. · 
........ ,~'I; •...• _., ......... ·,q... . ... , 'JI •. ··i. .. ····~ ·.N~'f:eyffiiii~i:.seci1l'ftt1!'slto".:li'cT .~: .1:. 0 ::1·.1···''·•'• . ··• •. ~' -:>~-: ... , ···•' . .... ~r. ... ~. \-i 

1.it~~?!.::J:::;~ :i,:: QVQLVESG (SEQ ID NO 5) EIVLTQS (SEQ ID NO 7) 

:1'3:o'6-1!i·-;'Pi4~ QVQLVESG (SEQ ID NO 5) EIVLTQS (SEQ ID NO 7) 
.. -~ ..... :~ ji_!:,n 
f.·2·i:):i;l~i -~P~~~ QVQLVESG (SEQ ID NO 5) BIVLTQs (SEQ ID NO 7) 
':.$"·~·· ..!.~:?! ·~!.;JJ.''1 ""6"' ~ , __ , (SEQ ID NO 5) JJIQMTQS (SEQ ID NOB) . ~-·"":;;;@~~ QVQLVESG 

~i(:.l\" QVQLVESG (SEQ ID NO 5) DIQMTQS {SEQ ID NOB) 
1_~ .,, ....... 

~!'' .2'411!!< ~t. .=#,; EVQLVESG (SEQ ID NO 6) EIVLTQS (SEQ ID N07) 
}lit! l!·X·:i.:~ •. ~i-J,~I~ 
~~!l:9"':-.-,~~·i1· QVQLVESG (SEQ ID NO 5) QTVVTQS (SEQ ID N09) 
'.$""~>'; ;~ ;•a:Q ;.:· \;;;.~_·_·1. EVQLVESG (SEQ ID N06) QSALTQP (SEQ ID NO 10) 

The protein A purified anti-RhD rpAb was analyzed by reducing SOS-PAGE (NuPAGE 4-12%). 

The polypeptides were electrotransferred onto a PVDF membrane and subsequently stained 

5 with Coomassie Blue according to the manufacturer's Instructions. 

One band of approx. 53 kDa corresponding to the heavy chain (HC) and two bands of approx. 

25 and 30 kDa corresponding to Kappa and Lambda + Kappa light chains, respectively, were 

clearly visible on the Coomassie blue stained PVDF membrane. These bands were cut out and 

subjected to N-termlnal sequence analysis, using an ABI Precise protein sequencer (Applied 

10 Biosystems, CA) and standard programs. The sequencing results are summarized In Table 10 

below. 

Table 10 

~.f¢Y'i:l~·~:;f ~,·~~\~9'·J1.'.'!!l:'.11~·rlQ":e ;.-~~rmi~\'f; t~~'l(#s.~]1,i;~~1&; 
~t1-/~ .. ~~~·::~i~1 Q, E E, D E, D, Q 

ND= Not determined 

The sequences for the HCs are identical except for the first residue, whereas the Kappa LCs 

15 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 N25 kDa 

indicated the presence of antibodies with the N-termlnal sequence EIVLTQS (SEQ ID NO 7), 

20 corresponding to RhD191, 324, 201, and 306, and antibodies with the N-termlnal sequence 

DIQMTQS (SEQ ID NO 8) corresponding to RhD244 and 196. With the present technique It 
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was, however, not possible to asses whether all the Individual members were present In the 

polyclonal antibody sample. Sequencing the LC band of N30 kOa Indicated the presence of 

Rh0319 antibody judged by the presence of a Val In cycle three and four. No evidence for the 

presence of RhD203 antibody was obtained (no S and A In cycle two and three, respectively). 

5 However, ion-exchange chromatography and N-terminal sequence analysis of this 

recombinant monoclonal antibody strongly suggest that the LC of RhD203 has a partial 

blocked N-terminus. Thus, it can not be conclusively determined by the N-termlnal sequence 

analysis whether this antibody Is present or not in the analyzed mixture. In addition, It seems 

that the 30 kDa band also contains some Kappa LC, since there are E and D residues present 

10 In cycle one and an M residue present In cycle 4. 

In summary, bulk N-termlnal sequence analysis can be used to Identify the presence of 

Individual antibodies if they differ In their sequences either at the HC or the LC and are not 

blocked at the N-terminal. This method is quantitative as long as the N-terminl of the 

Individual polypeptides are not partially blocked. 

15 EXAMPLE6 

The present example illustrates the characterization of a polyclonal antl-RhD antibody with 

eight individual members derived from a polyclonal cell culture. The diversity of the antibody 

was analyzed by Isolating unique marker peptides originating from the variable region using 

either RP-HPLC or ion-exchange chromatography {IEX) for peptide separation. 

20 Peptide generation by digestion of Isolated heavy chains and light chains 

A polyclonal antl-RhD antibody sample with eight Individual members was purified from the 

supernatant of a polyclonal cell culture by affinity chromatography using HITrap rProteln A 

columns. Lyophillzed material was dissolved In 6 M guanldium hydrochloride, 0.5 M EDTA, 0.2 

M Tris HCI, pH 8.4, reduced {OTT) and carboxymethylated {lodoacetic 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 Guanldlum HCI, 50 mM sodium phosphate, pH 

8.4 on an ettan LC system (Amersham Biosciences, GE Healthcare, England). The separated 

HC ( N3.5 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 unique 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 µm column connected to a guard column {Zorbax 300SB-C8, 

2.1x12.5 mm, s µm) equilibrated In 0.1% TFA using a flow rate of 0.2 ml/min. Peptides 
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were eluted using a linear gradient of 0.08% TFA, 70% acetonitrile. Peptides were detected 

spectrophotometrlcally at 220 nm and analyzed by on-line MS (atmospheric pressure 

Ionization (AP!) electrospray). A mixture of 75% proplonlc acld/25% isopropanol was added 

post-column to the mobile phase to increase the signal. The obtained mass spectra were 

5 analyzed using Chemstatlon software (Agilent Technologles, CA) and BioLynx software 

(Mlcromass, Waters Corporation, MA). 

Results from the MS analysis of the Asp-N digests of HC and LC are summarized in Table 11 

and 12, respectively. BOth tables Indicate theoretical and detected masses which are given as 

average masses. 

10 Table 11: Results for the heavy chain 
11,· •. 8

:·· 
:-:~h. 

~t.: :-;:!:Jif:. 
··+ ,., . , ..... :. 

5891.6 53g1.3 'ffi'9 l~""' 02 • :i: l ,. ~ . 
~-.JS•··~-i"'"! 

08 4208.4 110 .• 1~1{··.-.• ~. 4208.8 
:. ··.!)j·'~i\1~5. 01 5795.6°* 5795.1 196.7 161.7 .:..S!1·i.J:~ 
f~~:~~r~1~ 01-2 52g1.l* 6296.7 179.1 158.0 

~~::·=·"·· .•. 07 4196.7" 4196.4 114.6 98.1 

06 4196.7' 4196.4 114.6 98.1 

5710.5* 5709.5 184.8 159 

5840.6 5840.4 188.0 156.3 

4196.8' 4196.5 111.2 95.1 

5795.6"* 5795.1 194.9 161.7 

6644.5* 6644.0 210.5 171.2 

4196.7" 4196.4 114.6 98.1 

i3'J:ff" :;3'~ Dl 5809.6* 5809.2 201.6 162.5 

_;,~.).;, Zi< Dl-2 6659.5* 6659.1 191.5 159.6 
·;n1: ;·: - -~~-. ' 
i;{':: .;;.~,· ... ;. 07 4196.7" 4195.4 114.6 98.1 

•Different peptides with the same mass. Peptides (four Identical and one different) with 

nearly the same mass • "Indicate a N-termlnal cyclized Gin {PyroGlu) 

Table 12: Results for the light chain 

,t~ci tf .:p~ptiCl~s; .ii'.: ' : .. ::1;; lth"ej).~iiilca(.l·i'.Ou,J<i;H •<,: · · i:i'iil~.:~ia11. '-~et~~tion ,; 
.'.· .... • .... .-·~L:···.· .. ,, ... ·'.:·"o;.:· ....... ;_.,.1 .... ·>:i~·:.? ......... lc··.·.~>-··~i'· ~.~ .. 11L··c···1. :h·,:· . .-.· .............. )~i .. 1· 
~.:·.:· .·• . ; .. .-.. ,,.,:. ,,.·,:.-.~ • .• .- .. , · .. i:na.ss,(Da· ·. ·m;:1i;s. Pa.,._,, H~ . ndex. tin,e.(mln ·. 

:•:· •.. 9 .. 1·> _;::. dl 6537.3 6537.2 167.5 74.2 
.1 . ·.~· ·<·•':' . ;;.' dl-2 7530.3 7530.2 168.9 71.7 
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~-~i'tiih .. ,I)'. "#~ :r:· ··•p·· ~.,ti.ti• .d. · _..;\:: ;1· -~~-" " ; : ., li~l" ... ·.:!.:.·~·t·:!,"<~"1·1<.:· :'t'~ ~ .iJAti'~:t.::f.;-. S!! iT·h~ .~ ..... t"'~ •. ~t1»-"ll'~l'lflt¥ '.rJ!f~ ·. ;. .. -,' .· -~· .,,, . ., .. ef.. e~· ···•· "·~' • ,,.,. ,,,_ .. eo,l"e 1oa .. '-r"IU'.l.<i.;· .. ,.,.,. cl·· . eo ,e rca , -i--~n.1on·~:•" 
~::.::·. ;:.i::~·:_.~-~ -·~· 1.;·~~~;~:~~1.\~-~~~'./· ;?i·.r~~~::.:;: :; ~~~lt~~i: ;"(i t.~~j~~~~~··;~:~ !-~H~~(C'. T.~4~~- ~.'.f1i~~C~n1~!{.;'. 
]:.~ ·:\.!"''" dl-4 10281.4 10281.1 259.0 91.0 

dl-6 13719.3 13718.8 367.2 109.8 
d5-6 3455.9 3455.5 

7151.0 
4649.2 
8504.5 
6356.1 

7165.l 
4520.l 

6565.6 
11727.2 
3206.7 

8668.7* 
8029.0 

8518.5 
4862.5 

7150.7 
4648.8 
8504.1 
6355.6 

7164.7 
4520.0 
6565.2 
11726.8 
3206.5 
8668.2 
8028.6 

ND 
ND 

114.8 95.1 
186.6 93.9 
150.4 84.8 
229.7 82.5 
168.5 90.6 
180.5 88.2 
122.2 75.2 
231.7 90.2 
380.0 105.2 
152.9 80.3 
255.l 85.2 
246.8 84.3 
232.8 ND 
164.2 ND 

As seen in Table 11, thirteen peptides from the variable HC and sixteen peptides from the 

variable LC can be identified as unique marker peptides and some peptides from the variable 

region of HC, (e.g. Dl from RhD196, RhD244 and RhD306 indicated by'} 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 lnfonnatlon 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 applled onto a PolySulfoethyl A column (2.1 x 

100 mm) equilibrated in 10 mM potassium phosphate, 20% (v/v) acetonltrlle, pH 3.0 using a 

flow rate of 0.2 ml/min at room temperature on an Ettan LC system (Amersham Biosciences, 

GE Healthcare, England). Peptides were subsequently eluted using a linear gradient from O -

500 mM potassium chloride In 10 mM potassium phosphate, 20% or 30% (v/v) acetonitrile, 

20 pH 3.0. The eluted peptides were detected spectrophotometrlcally at 215 nm and fractions 

were collected based on time fractionation. Aliquots (1 µI} of the fractions were mixed with 1 

µI of a solution of o:-cyano-4-hydroxyclnnamlc acid (20 mg/mL) In 70 % acetonitrlle/30 %, 
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0.1% TFA and applied onto the MS target and washed with 0.1% TFA. The samples were 

analyzed by MALDI-TOF on an Autoftex TOF (Bruker Daltronlcs, Bremen, Germany), and 

external mass calibration was performed using calibration mixtures from Bruker Daltronlcs 

(Bremen, Germany). MALDI spectra were analyzed (mass search and internal calibration) 

5 using GPMAW 6.1 software (Lighthouse data, Odense, Denmark). 

A representatiVe chromatogram containing several peaks from the Asp-N digest of LC is 

shown in Fig. 11. Results from the MALDI-TOF analysis of the fractions of the Asp-N digests 

of LC and HC are shown In Table 13 and 14, respectively. Theoretical and found masses are 

given as monoisotoplc masses for masses < 3500 Da and as average masses for masses > 

10 3500 Da. 

':"''g'jf·;;·./' d3 (part) .r.... . ... 
, . ._.o·..,·,,: '·· d3 
~;('. ~··.;.·' 

:3·1·9·1··. ' . 
.,., . ,, ~ I. 

1365.54 1365.53 

1419.74' 1419.72 

3090.33 3090.31 

1256.60 1256.59 

1010.45 1010.44 

1858.05' 1858.04 

6536.30 6537.33 

7530.25 7530.34 

1858.05' 1858.04 

1844.0lc 1844.02 

2251.11 2251.11 

1068,57 1067.57 

2756.42 2756.41 

2566.23 2566.21 

1858.os• 1858.04 

4519.42 4520.10 

2771.21 2771.18 

2423.21 2423.20 

3374.77 3374.75 

1419.74' 1419.72 

1844.0lc 1844.02 

1794.91 1794 •• 90 

!1;:324: .: . ./.: d2 (part) 1858.05' 1858.04 
•same peptides. Same peptides. 'Same peptides 

BlO 4.15 

BlO 3.87 

B3 3.42 

B9 3.0 

B7 7.04 

B7 10.10 

Bl &B2 10.28 

Bl 9.91 

B7 10.10 

B7&B8 10.15 

B6 7.03 

B4 10.15 

B2 9.44 

B7 4.11 

B7 10.10 

Bl 9.47 

B9 5.27 

BB 4.11 

B7 6.55 

B10 3.87 

B7&B8 10.15 

B2 8.91 

B7 10.10 



Table 14: Results from the heavy chain. 

1995,97• 

1982.95 

2002.97 

1809.90 

2401.03 
1995,97• 

50 

5136.35 

1888.93 

7344.01 

1981.95 

1995.98 

1995.98 

1982.94 

2002.94 

1809.91 

2401.01 

1995.98 

C1&C4 

Bl 

C4 
B6 

B6&B7 

B6&B7 

61 

Bl&B3 

86 
BS 

B6&B7 

10.08 

9.51 

9.41 

7.01 

7.01 

7.01 

10.12 

10.23 

9.27 

7.01 

•same peptide. 'Verified 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 unique peptides for HC RhD201, 203 

and 324 and for the LC RhD201 and 319 using strong cation-exchange chromatography. 

summary 

The results obtained 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 all 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. 

EXAMPLE6A 

The present example Illustrates the characterization of a recombinant polyclonal antl-RhD 

antibody with 25 Individual members derived from a polyclonal cell culture (bloreactor run). 

The diversity of the antibody was analyzed by Isolation of unique marker peptides originating 

20 from the variable regions from the LC or HC using RP-HPl..C combined with mass 

spectrometry for the Identification of the peptides. 
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Peptide generation by digestion of Isolated heavy chains and light chains 

A polyclonal anti-Rho antibody sample with 25 individual members was purified from the 

supernatant of a polyclonal cell culture from a bloreactor run. The purification was performed 

by affinity chromatography using a MabSelect (Amersham Biosciences, GE Healthcare) 

5 column and desalted on a G25 column (Amersham Biosciences, GE Healthcare). Lyophlilzed 

material was dissolved in 6 M guanldlum hydrochloride, 0.2 M Trfs HCI, pH 8.4, reduced 

(DlT) and carboxymethylated {lodoacetic acid). Heavy chains and light chains were 

separated by gel filtration on a Superose 12 column (10/300 GL from Amersham Biosciences, 

GE Healthcare) In 6 M Guanldlum HCI, 50 mM sodium phosphate, pH 8.4. The separated HC 

10 and LC were digested with Endoprotelnase Asp-N (Roche, 1 054 589) at an enzyme to 

substrate concentration of 1:200 in 1 M urea, 50 mM sodium phosphate, pH 8 over night at 

37°C, 

Isolation of unique peptides by LC-MS 

Aliquots of individual Asp-N digests of isolated HC and LC obtained from the polyclonal 

15 antibody sample were applied to an Agilent 1100 LC/MSD SL system equipped with a Zorbax 

300SB-Cl8 (2.1 x 150 mm) 5 µm column connected to a guard column (Zorbax 300SB-C8, 

2.1x12.5 mm, 5 µm) equillbrated In 0.1% TfA, 14% ACN using a flow rate of 0.2 ml/min. 

Peptides were eluted using a linear gradient of 0.08% TfA, 70% acetonitrtle. Peptides were 

detected spectrophotometrically at 220 nm and analyzed by on-line MS (atmospheric 

20 pressure Ionization (API) electrospray). A mixture of 75% proplonlc acld/25% lsopropanol 

was added post-column to the mobile phase to Increase the signal. The obtained mass 

spectra were analyzed using Chemstatlon software (Agilent Technologies, CA) and GPMAW 

6.2 software (Lighthouse data, Odense, Denmark). 

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-Rho 

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

i·isi)-'.: -' d4 4483.0 4482.2 213 

·160· ,;. d2 5585.3 5584.5 216 

;~'-s.Z·: · .. :~: .·. d2 4322.0 4321.1 245 

;189' ;. ·' 
[' . ~ ~· . d1 8536.5 8535.3 203 

·,ii1'1: .: '· d1 6537.3 6536.4 179 

-~~:a~ .: .. ~;1 d2 5667.4 5666.5 217 

:i96,:•:. 01-02*' 6297.1 6295.8 303 
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ti99.'f~I): d2 5709.4 5708.6 212 

~p:~~i.:t{ dl 8504.5 8503.3 202 

~;:tqi:\f! dl 6448.2 6447.3 188 

~ii);j.~~ i d5 6356.1 6355.4 184 

'-~0:7.~~~· d1 * 8626.7 8625.5 198 

~~'Iii !~~;; d1 6464.4 6463.4 215 

~~l!~oi~f d4 4559.3 4558.5 221 

~ ~: :~~~:~ :~~::~ ~:~ 
~ d1 6364.2 6363.2 225 

~~~?, )l d1 * 8668. 7 8667.4 210 

~i.::fi0,:;fr:~ d7 4945.6 4944.9 222 

':!~~.llif Dl 5919.8 5919.3 280 
•o 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-termlnus 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-tenninal cyclized Gin (pyroGlu), 

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-ldlotype peptides with specificity 

towards Individual members of a recombinant polyclonal anti-RhD antibody, as well as the 

assessment of the concentration of one individual member in a recombinant polyclonal 

antibody. 

Generation of antl-RhD antibody-specific peptide ligands. 

15 A phage library displaying seven amino acids In random sequence order at the N-termlnal 

end of pIII (New England Biolab) was used for affinity selection of peptide binders to 

lndivldual anti-RhD antibodies. Both a linear and a constrained version of the peptide library 

were used for the selection. Mlcrotiter plates (Maxisorb, NUNC) were coated at 4°C for 12-

16h with purified monoclonal antl-RhD antibody at 10µg/ml using 100µ1 per well. All the 
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twenty-five individual antibodies contained In the recombinant polyclonal anti-RhD antibody 

were used to screen for antHdlotype peptides. However, in situations where the recombinant 

polyclonal antibody contain a large number of Individual members (e.g. above 50}, sentinel 

antibodies may be selected for the screening. Preferably, a number of sentinel antibodies 

5 corresponding to at least 4% of the total number of antibodies constituting the recombinant 

polyclonal protein are selected, even more preferred the sentinel antibodies constitute at 

least 8%, 12%, 16%, 20%, 30% or 50% of the total number of antibodies constituting the 

recombinant polyclonal protein are selected. The coated plates were subsequently washed in 

PBS, 0.050/oTween-20 and then blocked with 2% skimmed milk/PBS. Bacteriophages at ~1011 

10 pfu/100µ1 were used for each panning round. The constrained and linear libraries were mixed 

and panned together as a mixture In 2% skimmed milk/PBS. After lh Incubation at room 

temperature bound phages were eluted with glycine/HCI, pH= 2.2 for 10 min followed by 

neutralization with Tris-HCI, pH=9.0. After three to four rounds of panning, single clones 

were isolated, DNA extracted and sequenced In the region corresponding to the random 

15 peptide region. Table 15 below shows alignments of deduced amino acid sequences froni 

single clones. 

Table 15 

162-Bll ACMGYGPRMCGGG (SEQ ID NO 11) 

l62-B12 ACMGYGPRMCGGG (SEQ ID NO 11) 

162-COl ACMGYGPRMCGGG (SEQ ID NO 11) 

l62-C02 ACMGYGPRMCGGG (SEQ ID NO ll) 

l62-C04 ACMGYGPRMCGGG (SEQ ID NO ll) 

162-COS ACMGYGPRMCGGG (SEQ ID NO 11) 

l62-C06 ACMGYGPRMCGGG (SEQ ID NO ll) 

l62-C07 AcMGYGPRMCGGG (SEQ ID NO 11) 

162-COS ACMGYGPRMCGGG (SEQ ID NO 11) 

162-C09 ACMGYGPRMCGGG (SEQ ID NO 11) 

162-ClO ACPGDGPRMCGGG (SEQ ID NO 12) 

l62-Cl2 ACMGYGPRMCGGG (SEQ ID NO 11) 

162-DOl ACMGYGPRMCGGG (SEQ ID NO 11) 

l62-D03 ACMGYGPRMCGGG (SEQ ID NO 11) 

l62-D04 ACMGYGPRMCGGG (SEQ ID NO 11) 

Consensus - PEP162 CMGYGPRMC (SEQ ID NO 13) 

202-0l 

202-05 

202-07 

202-06 

Consensus - PEP202 

305-01 

305-06 



54 

Three synthetic peptides with specific affinity towards either antl-RhD162, 202 or 305, 

respectively, were synthesized according to the deduced consensus amino acid sequence of 

groups of related sequences. Each synthetic peptide was coupled to Biotin at the C-terminus. 

5 The specificity of each peptide was tested by ELISA. Briefly, EUSA plates were coated with 

Streptavldln at 4 'C for 12-16 h with Streptavldin at 5µg/ml using 100 µI per well. Then, 

peptide diluted to N 10µg/ml In PBS was added, followed by Incubation for lh 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 indiVldual anti-RhD antibodies was added 

10 separately at various dilutions starting at 10 µg/ml. Bound antibody was detected using an 

anti-human lgG-conjugate (Caltag cat# H10307). The plates were washed five times and 

detection was carried out by adding 25 µI of chromogene (TMB, Kem-En-Tech). Reactions 

were terminated 15-25 min later by adding 25 µI of 1 M H,so •• Absorbance values were 

measured at 450 nm. Testing each peptide against the panel of monoclonal antl-RhD 

15 antibodies showed that reactivity Is specific for the appropriate Individual member-protein. 

Hence, PEP162 only bound antl-RhD162 antibody, PEP202 only bound antl-RhD202 and 

PRP305 only bound antl-RhD305 with a signal-to-noise ratio above 10. 

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

antibody 

20 Using proper dilutions of purified antl-RhD305 monoclonal antibody as a reference standard It 

was possible to determine the amount of antl-RhD305 antibody relative to the total amount 

of antibodies In a mixture of recombinant polyclonal antl-RhD antibody. Briefly, ELISA plates 

were coated with Streptavldin and Incubated with PEP305 diluted to N10µg/ml In PBS for lh. 

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 antl-RhD 

antibody composed of 25 individual antl-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 antl-Rh0305 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 plates 

were washed five times and detection was carried out by adding 25 µI of chromogene (TMB, 

Kem-En-Tech). Reactions were terminated 15-25 min later by adding 25 µI of 1 M H2S04 • 

Absorbance values were measured at 450 nm. 
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The standard curve was linearly proportlonal to concentration within the following range: 

Monoclonal anti-RhD305 Ab 
0,156 0,078 0,039 0,0195 

11n/ml 

00450 1,509 0,990 0,567 0,338 

These data resulted In a standard curve with the equation y=0.1161x-0.0256 and 

R2=0.9812. 

The equation determined for the standard curve as well as the dilution factor of the sample 

5 was used to calculate the concentration of antl-RhD305 antibody In the recombinant 

polyclonal antl-RhD antibody sample. 

At a 32-fold dilution, the average 00450 measured for the sample was 1.24±0.14, 

corresponding to an anti-Rh0305 antibody concentration of 3.8±0.5 µg/ml In the polyclonal 

antl-RhD antibody. The total antibody concentration in the recombinant polyclonal anti-RhD 

10 antibody sample was 100 µg/ml. Thus, the anti-Rh0305 antibody represents 3.8 % of the 

polyclonal antibody sample. 

EXAMPLE 8 

The present example illustrates the use of antl-ldiotype peptides to Identify sentinel 

antibodies In specific fractions/peaks following separation In one dimension by liquid lon-

15 exchange chromatographic analysis of a recombinant polyclonal antl-RhD antibody. 

A recombinant polyclonal antl-RhD antibody composed Of 25 Individual anti-RhD antibodies 

was separated by cation-exchange chromatography and the fractions were collected. Each 

fraction was examined by ELISA using the three antl-ldiotype peptides (as described In 

EXample 7) In order to detect the presence of a particular antl-RhD antibody In each fraction. 

20 An overlay of the chromatogram with the EUSA 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 particular peak with EUSA data it Is possible to 

make a semi-quantitative assessment of the composition of complex mixtures of homologous 

proteins. 

25 EXAMPLE9 

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 stablilty 

of a polyclonal protein during manufacturing by extracting media samples during 
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fermentation at different generation time points and applying quantitative detection method 

such as the ELSIA methods described In Example 7. 

In the present example, the actual amount of the three sentinel proteins, the antl-Rh0162, 

202 and 305 antibodies, were estimated in a perfusion fermentation process of a pWCB 

5 producing a recombinant polyclonal anti-Rho antibody composed of 25 unique anti-Rho 

antibodies. Figure 13 Illustrates the distribution of the three sentinel antibodies (antt­

RhD162, 202 and 305) at different cultivation time points duling fermentation, with GS 

corresponding to day 8 after Inoculation of the bloreactor. 

EXAMPLE 10 

10 The present example illustrates a method for the identification of cells producing a particular 

anti-RhD antibody In a cell culture mixture. In the example, a mixture consisting of two 

different antibody producing cell lines was analysed using an anti-ldlotype peptide and flow 

cytometry for detection. 

Two individual anti-RhD antibody producing cell lines, RhD162 and Rh0202, were mixed at 

15 defined ratios. The percentages of done RhD202 are indicated in Table 16. 

Biotlnylated peptide 202 (PEP202 prepared in Example 7) was incubated with phycoerythrin 

conjugated streptavldin (SA-PE) to form peptide tetramers. The tetramers were incubated 

with the cell line mixtures for 20 min at RT and the cells were run through a FACS CAlibur 

flow cytometer (Becton Dickinson). Cells positive for the tetramers were gated as depicted by 

20 · R1 in Fig. 14. The individual unmixed cell lines were measured as well (Fig. 14 A and B). 

A feature seen for the antl-RhD antibody producing cell lines ls 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 

doublestainlng of the cells 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 Rh0202 cell line In mix a) was calculated according to the following 

equation, exemplified with the measurements for mix a. 

%RhD202cells- %GateR6mix(x) 14.12x100=45% 
%GateR6 RhD202 31.42 
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Table 16 

!'>1ixt;~f:;t~= : >;Cti~~· ro/o': J'illJ;lib:Z~ <:ijiii\)tj'~if ,;Rt;:Rit'D~Q.~tt. 
i~ili) Ffi/;~~~ j~{J;: so 45 

EXAMPLE 11 

The present example illustrates the use of real-time PCR to assess the distribution of the 

individual clones or a sentinel selection of such clones within a polyclonal cell culture. 

5 The technique Is based on the sequence differences among the Individual antibody encoding 

nucleic acid sequences. Due to the variety of the individual antibody encoding sequences a 

unique TaqMan probe can be designed for the heavy chain and/or light chain for each 

member represented in the polyclonal cell line. Preferably, one of the CDR regions, CDRl, 

CDR2 or CDR3, is selected for designing the TaqMan probe. Most preferably, the CDR3 region 

10 Is selected for designing the TaqMan probe. 

01/gonudeotide design 

The primers are preferably designed such that ampllcons of 70 - 150 nucleotides are 

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 TaqMan 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 potential set of primers and probes for the analysis of the polyclonal cell line expressing the 

following eight antl-RhD antibodies may be designed as Indicated below. 

20 Forward and reverse primer for all clones: 

Fw primer: CAC GGCTGA GTA TTA CTG TGC (SEQ ID NO 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 

"!•": . ··,·.:~. ~!!' 

,•.196 .. ·~··: '' AGA GAA TTG AGC ACG CAA CGT GGA TAC A (SllQ ID NO 27) 

~20l:''.:.":"/ ,:. f AGA GAG AGT ACT CTA '.!'AT AGC AGC AGC TOO TAC A (SEQ ID NO 28) 
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. ~ba·.i?;·~~~"*:·: GAT GGT CTC CTA TAG CAG CAG CTG GTA cc (SEQ m NO 29) 

~~!44'.~~~~f.~~:~~-- GAG AGA CTC TGT TCG GGG AGT CAG TAG AT (SEQ m NO 30) 

13"C1.6:;~y~~~i~?1.~ GGG TAC TCT GTA TAG CAG CAG CTG GTA CA (SEQ ID NO 31) 

~-3$ ~-=·. ::~~~~~i~· AGA GAC CTA CAA GGG TAT AGA AGC AGC TGG TAC (SEQ ID NO 32) 
·i:- • ·~' • ·. ,"'"1 •• ·~j 
';32.~ .· ..... \~l'.~ CCG ACG ATT TTT GGA GTG GGC c (SEQ :m NO 33) 

An alternative primer design for the heavy chain encoding sequences constitute a forward 

primer annealing In the Ve-DH junction and a reverse primer in the constant region, and the 

TaqMan probe In the JH-c junction as described In Rasmussen, T. et al. 2000. Exp.Hematol. 

28, 1039-1045. 

5 Real-time quantJf:lJtive PCR 

mRNA or genomic DNA is extracted from pelleted cells. If mRNA ls used as template It Is 

reverse transcribed to generate cDNA prior to the real-time PCR. A number- of real-time PCR 

reactions corresponding to the number of clones to be analysed Is set up. 

The real-time assays are optimised with regards to primer concentrations and TaqMan probe 

10 concentrations. Reactions are performed in triplicates in 96 well plates sealed with optical 

adhesive covers. PCR reactions are done In commercial PCR mastermlx and performed in ABI 

prism 7000 (Applied Biosystems) with subsequent analysis using the ABI prism 7000 SOS 

software. 

Analysis of the diversity 

15 The C,. values of the different clones are compared to each other, and the distribution of each 

done 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 polydonal 

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-cell clones derived from the polyclonal cell line. 

Single-cell donlng 

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% C02 for 10-20 days, and the 

plates are then scored visually for wells with single colonies under a microscope. 
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Alternatively, single-cell clones from the pWCB are obtained using a FACS cell sorter. Viable 

pWCB cells are gated and sorted Into 96-well plates pre-filled with 100 µI conditioned 

complete medium at 1 cell/well. The cells are Incubated and scored for single colonies as 

described above. 

5 Nucleic acid sequencing 

When the single cell colonies In the wells have grown to confluence, aliquots (10-20 µI} from 

each of a desired number of wells (for example 100} are transferred to new 96-well plates to 

be used as template in DNA sequencing reactions. The sequencing Is either performed at the 

mRNA level or the genomic level using between 1 and 100 or 1 and 1000 cells, respectively. 

10 In the first case, a PCR fragment covering enough of the variable region to distinguish the 

different antibody heavy and light chain genes present In the pWCB (typically at least the 

CDR3 region} Is generated by standard RT-PCR technology e.g. using the commercially 

available Qiagen one-step RT-PCR kit, following the Instructions from the manufacturer. The 

cells are lysed prior to the PCR reaction. The resulting PCR fragment is gel-purified using e.g. 

15 Qlagen Qlaqulck Gel Extraction kit and used as template in a standard DNA sequencing 

reaction followed by analysis on an automated DNA sequencing machine such as ABI Prism™ 

3100 Genetic Analyzer (Applied Biosystems}. Alternatively, DNA sequencing Is performed on 

genomic DNA as described above, except that the reverse transcription step Is skipped. 

For characterization of the antl-RhD recombinant polyclonal antibody, the following primers 

20 are used: 

PCR primers for VH amplification: 

RhD#OOl: 5'TCTCTTCCGCATCGCTGTCT (SEQ ID NO 34) 

RhD#007: 5'AGGAAAGGACAGTGGGAGTGGCAC !SEQ ID NO 35) 

PCR primers for VL ampllftcatlon: 

25 RhD#005: 5'CGTICI 111 ICGCAACGGGTTTG (SEQ ID NO 36) 

RhD#008: 5'AAGACCGATGGGCCCTTGGTGGA (SEQ ID NO 37) 

Sequencing primers are: 

VH: 5'AACGGGTTTGCCGCCAGAACA (SEQ ID NO 38) 

VL: 5'CCGAGGGACCTGAGCGAGT (SEQ ID NO 39) 
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EUSA on single cells using antl-fdfotype peptides 

As a supplement to the nucleic acid sequencing, the clonal composition of a mixture of 

antibody producing cells such as a polyclonal working cell bank can be assessed using an 

anti-ldlotype peptide ELISA. 

5 The sorted single cells are cultivated for approximately 14 days, thereby generating lsogenlc 

cell cultures from the single clones. The supernatant from these cultures can be analyzed for 

the presence of specific anti-RhD antibodies using antHdiotype peptides In an EllSA assay as 

described in Example 7. This wlll provide Information with respect to the number of clones 

producing a particular individual member. If the amount of an Individual member is compared 

10 to the total amount of antibody producing cells (e.g. by measuring IgG on all isogenic cell 

cultures), a quantitative measure for the fraction of cells producing lndlvldual antl-RhD 

antibodies in the polyclonal cell culture can be obtained. 

EXAMPLE 13 

The present example demonstrates the use of cation-exchange chromatographic analysis to 

15 estimate clonal diversity during down-stream processing (DSP) of a recombinant polyclonal 

antibody. 

Down-stream processing 

An anti-RhD rpAb sample, containing 25 Individual members, from a developmental 

bloreactor run was purified using the following DSP steps: 

20 1. capture of the antibodies using a MAbSelect column 

2. virus inactivation at pH 3 

3. buffer exchange using a sephadex G-25 column 

4. anion-exchange chromatography using a DEAE-sepharose column 

5. virus filtration using a Planova lSN filter, and 

25 6. hydrophobic charge Induction chromatography using a MEP hypercel column 

7. ultra flltratlon/dlafiltratlon using a mllipore biomax filter 

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 antl-RhD rpAb was applied onto a PolyCatA column (4.6 x 100 mm) in 25 mM 

sodium acetate, 150 mM sodium chloride, 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 chloride In 25 mM sodium acetate, pH 5.0 at a flow rate 

of 60 ml 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 
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during DSP. !n the present example It was demonstrated, using cation-exchange 

chromatography that the clonal diversity Is essentially unchanged during DSP of a 

recombinant polydonal antibody. 

EXAMPLE 14 

5 IEX analysis of more than 40 antibodies against RhD has revealed that a substantial 

number of the Individual antibodies display a "3 peak pattern" as shown In Fig. 166. 

Carboyxpeptldase 6 treatment, as well as carbohydrate analysis have indicated that this 

charge heterogeneity Is not caused by C-termlnal lysine clipping or presence of slallc 

acid (data not shown). 

10 The present example demonstrates that the charge heterogeneity Is due to PyroGlu 

formation, and how site-directed mutagenesis can be used to obtain homogeneous IEX 

patterns. 

Expression and purification of antibodies 

Stable cell lines (obtained as described In Danish patent application PA 2004 01133 filed July 

15 20, 2004 ) each expressing a distinct recombinant anti-Rhesus D monoclonal antibody from a 

specific site on their genome were adapted to suspension culture in serum-free Excell 302 

medium (JRH Biosciences, Andover, UK) supplemented with 4 mM L-glutamlne (Invitrogen) 

and anti-dumping agent (Invitrogen) diluted 1:250, expanded and banked at -150°C using 

conventional freezing procedures. 

20 The supematants were harvested from the cell cultures prlor to banking, and the supernatant 

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

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

Strong cat/on-exchange chromatography 

The monoclonal antibodies purified In the previous step were subjected to strong IEX 

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 

profiles are also presented In Flg. 16. 

N-terminai sequence analysis 

N-terminal sequence analysis of the separated peaks from the IEX analysis of 2 selected 

30 antibodies (RhD198 and RhD307) was performed in solution, by Edman sequencing 

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

manufacturer. The sequence analysis demonstrated that the charge heterogeneity was 
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due to partial cyclization of the N-terminal Gin of the HC (see Table 18). Thus, the first 

peak contained antibodies with totally blocked N-termlnus of the HC (the N-termlni of 

the HC have 0 charge); second peak corresponded to antibodies where one of the N­

termlnl of the HC were blocked (the N-termlnl of the HC have +1 charge), and the third 

5 peak most likely represented antibodies where the N-terminal Gin of the HC were 

unmodified (the N-termini of the HC have 2+ charge). Cycllzatlon of the N-termlnal 

glutamine residue to PyroGlu renders it refractory to Edman sequencing. 

A nu.mber of other anti-RhD antibodies likewise displaying such a "3 peak pattern" or a 

"1 peak pattern" were analyzed by N-terminal sequence analysis by subjecting the 

10 antibody to SDS page which was electro-blotted onto PVDF membranes. The HC and LC 

band on these blots were subjected to Edman sequencing. 

A few antibodies harbouring an N-terminal Gin In the HC (RhD162, RhD240) was shown 

to be to totally blocked In accordance with their IEX proflles ("1 peak pattern"), while 

antibodies {RhD196, Rh0305 and Rh0306) with the "3 peak pattern" were found to be 

15 partially blocked as expected (see Table 18). The Interpretations are based on.sequence 

yields as well as the relative percentage of the different charge variants (O, +1 and 2+) 

In the !EX profile. 

Table 18 

,;~~ ... ~~;: ::-~:~=~~~:,~f;~~~~i:;r~~;.~: ·f~~~~~;~r~~~:~~;.~~~ .~:c~i~~~·, -~~t~:W~~?.~~:;~~:~~-{t.:~.::;;_~~~~.;. 
162° QVQLV; no seq." DIQLT; DIQ 1 peak Total blocked N-terminl 

5"" ID NO 40 SEO ID NO 42 of HC 

196° QVQLV; QVQLV n.d. 3 peaks Partially blocked N-

SEO ID NO 40 termini of HC 

306" QVQLV; QVQLV El\/LTQS; EIVLTQS 3 peaks Partially blocked N­

SEO ID N040 
240" QLQLQ; no seq.• 

S"" ID NO 41 
305° QVQLV; QVQl.V 

SEO ID N040 
198c Pl: QVQLV; no seq.• 

P2: QVQLV; QVQLV 

SEQ ID N040 

307° Pl: QVQLV; no seq •• 
P2: QVQLV; QVQLV 

SEQIDN040 

SE" ID NO 7 
DIQMT; DIQMT 

SEO IDN043 
n.d 

Pl: DIQMT; DIQMT 
Pl: DIQMT; DIQMT 

SEQ ID N043 

Pl: DIQLT; DIQLT 
Pl: D!QLT; DIQLT 

SEQ ID N042 

l peak 

3 peaks 

3 peaks 

3 peaks 

termlnl of HC 

Total blocked N-termlnl 
ofHC 

Partially blocked N­
termlnl of HC 

Total blocked & partial 
blocked N-termlnl of HC 
are seen In pl & p2, 
resoectlvelv. 
Total blocked & partial 
blocked N-termlnl of HC 
are seen In pl & p2, 
resoectlvelv. 

'Expected and obtained N-termlnal sequences are Indicated In regular and bold font style, 

20 respectively. •vata obtained from blot. eoata obtained from Isolated fractions {peak 1 & 2) from 
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!EX analysis (analyzed in solution). dCycfization of the N-termtnal glutamlne residue to PyroG/u 

renders It refractory to Edman sequencing. n.d.; not determined 

Site-directed mutagenesis 

Site-directed mutagenesis was used to remove the charge heterogeneity from a selected 

5 antibody by changing the N-termlnal Gin to a Glu. The expression plasmid RhD189 encoding 

a full-length antibody with an N-termlnal Gin In the heavy chain and an N-terminal Glu 

residue In the LC chain, was used. The VH region In this plasmid is flanked by an Asd site in 

the 3' end of the signal peptide coding region and a silent Xhol site In the J-reglon. 

Mutagenesis was performed with the following primers: 

10 RhD189 forward: TGGGCGCGCCGAGGTGCAGCTGGTGGAGTcrGG (SEQ ID NO 44) 

RhD189 reverse: GGAGGCGCTCGAGACGGTGACCGTGGTCCC {SEQ ID NO 45} 

Asd site In the forward primer and Xhol site In the reverse primer are underlined, while the 

Glu codon {GAG) In the N-termlnus of the VH region is shown In bold. The RhD189 plasmid 

was used as template In PCR reactions with the above mentioned prtmers. PCR reactions 

15 were performed with the Phusion DNA polymerase (Finnzymes, Finland) for 25 cycles 

according to the manufacturer's Instructions. VH band of approximately 400 bp was purified 

on a 1 % agarose gel, incubated with BloTaq DNA polymerase, repurified on an agarose gel 

and cloned into the pCR2. l TOPO vector (lnvitrogen, CA) according to the manufacturer's 

instructions. Clones containing the VH Insert were verified by sequencing. The original VH 

20 fragment was excised from the plasmid RhD189 with Asel and Xhol and the mutated 

fragment from the pCR2.1TOPO plasmid was inserted instead. Endotoxln 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 SOS-PAGE analysis, electroblotted followed by N-terminal 

25 sequencing of the HC band to verify the replacement of Gin to Glu (data not shown). 

Exchanging the N-termlnal Gin to Glu of the HC of antibody RhD189, displaying a •3 peak" 

IEX 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 Gin 

residue to a Glu residue. 

30 Binding assay 

To asses whether the N-termlnal mutation affected the functionality of the antibody, the 

native antibody, RhD189, as well as Its mutated Glu counterpart, RhD189E, was assayed for 

binding to RhD-positlve erythrocytes. 
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Erythrocytes were prepared from whole blood obtained from healthy donors after informed 

consent at the Blood Bank, Aalborg Hospital, DK, by washing the blood three times in PBS 

(Gibco, InvitrOgen, United Kingdom) containing 1 % bovine serum albumin (BSA, Sigma­

Aldrich, Germany). The erythrocytes were resuspended and stored at 4°C as a 10% solution 

5 in ID-Cellstab (DlaMed, Switzerland). 

The binding capacity of the antibodies was measured using RhD-positive erythrocytes at 5 x 

104 cells/µI in PBS, 1 % BSA. DOutions of the antibodies were made in PBS, 1 % BSA in 

triplicate in 96 well plates (Becton Dickinson Labware, NJ, USA). Fifty µI of the antibody 

solution were mixed with so µI of erythrocytes and Incubated at 37°C for 40 min. The cells 

10 were washed twice (300 g, 2 min) in PBS, 1 % BSA. Eighty Ill of phycoerythrln-conjugated 

goat anti-human IgG, (Beckman Coulter, CA, USA) diluted 1:20 In PBS, 1% BSA was added 

to each sample and left at 4°C for 30 min. The samples were washed In PBS, 1 % BSA and in 

FacsFlow (Becton Dickinson, Belgium) (300 g, 2 min), and resuspended in 200 µI FACSFlow. 

The samples were run on a FACSGalibur (Becton Dickinson, CA, USA) and data analysis 

15 performed using CellQuest Pro and Excel. 

As shown in Fig. 18, no significant difference In binding capacity to RhD-positive erythrocytes 

was observed between the Glu variant and its native counterpart. 

summary 

The heterogeneity observed in JEX profiles of many anti·RhD antibodies was due to partial 

20 cydizatlon of the N-terminal Gin residue In these antibodies. Exchanging the N-tenninal Gin 

for Glu residues of the HC in antl-RhD antibodies eliminates the Inherent N-termlnal charge 

heterogeneity, presumably without affecting the binding potency to RhD-posltlve 

erythrocytes. 
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CLAIMS 

1. A method for characterizing a sample comprising a recombinant polyclonal antibody 

comprising individual antibodies having different variable regions, wherein said sample is 

derived from a cell culture supernatant from a polyclonal cell culture producing said 

recombinant polyclonal antibody, wherein the polyclonal cell culture comprises individual clones 

each expressing a different individual member of the recombinant polyclonal antibody, such 

that information is obtained with respect to the relative proportion or presence of individual 

antibody members of said sample, the method comprising analyzing aliquots of said sample by 

at least one protein characterization technique selected from chromatographic analyses which 

separate proteins according to a physico-chemical property other than size. 

2. The method according to claim 1, comprising at least one individual chromatographic 

analysis based on a physico-chemical property selected from i) net charge, ii) hydrophobicity, 

iii) isoelectric point, and iv) affinity. 

3. The method of claim 1 or 2, further comprising at least one protein characterization 

technique selected from i) analysis of proteolytic digestions of the individual antibodies, ii) 

"bulk" N-terminal sequencing, and iii) analysis using specific detector molecules for the 

individual antibodies. 

4. The method according to any of the preceding claims, wherein said chromatographic 

analyses are performed as a multidimensional chromatography. 

5. The method according to claim 3, wherein the analysis of proteolytic digestions of the 

individual antibodies 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 3, 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 the preceding claims, wherein said 

characterization is based on analysis of one or more sentinel proteins present in said sample. 

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

analytic techniques are applied to analyze said sample. 

10. The method according to claim 9, 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. 
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11. The method according to claim 10, wherein said genetic analysis is selected from RFLP, 

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

12. 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 antibodies 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 antibodies and optionally of their 

encoding sequences are compared. 

13. The method according to any one of claims 1 to 12, 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. 


