
Method for the determination of sequence variants of polypepfides 

Herein is reported a method for the determination of sequence variants of a 

polypeptide comprising a tryptic digestion. of the polypeptide, a chromatographic 

separation of the fragments, high resolution mass spectrom.etry of the separated. 

5 fragments and determination. of sequence variants. 

aaagr 	f ti,.aamlaiiliv en 

Proteins play an. important role in today's medical. portfolio. For human application 

every th.erapeuti.c protein. has to meet distinct criteria. To ensure the safety of 

biopharrnaceutical. agents to humans the characteristics of the therapeutic protein 

10 have to be within certain. limits and by-products accumulating during th.e 

production. process have to be removed especially. 

Any change in or modification of the amino acid composition and sequence, 

respectively, of a pol.ypeptide, which. differs from the desired form is defined as a 

sequence variant. This can be a nucl.ei.c acid mutation resulting in a change of the 

15 amino 	acid sequence, undesired post-translational modifications (PTMs) or 

aberrant pol.ypeptid.e variants (shortened. or elongated forms). 

To guarantee polypeptid.e consistency and to avoid errors, the influence of 

biological mechanisms (e.g. fidelity of replication, accuracy of transcription and. 

translation) and technical processes (tran.sfection and amplification in cell line 

20 development or fermentative conditions) on th.e presence of sequence variants have 

to be assessed. Also a method. providing high sensitivity to find and. identify 

potential sequence variants has to be provided. 

For example, cell line development processes can result in sequence variants which 

may become critical for cell line switches and clone changes, respectively. 

25 Fermentation under unexpected shortage of certain media components in the 

feeding media and. down stream processing (DSP) may cause sequence variants or 

post translational 	modification of amino 	acids, respectively. 	Therefore, th.e 

presence of sequence variants has to be checked to confirm product homogeneity 

and consistency. 

30 Barnes, C.A.S., et al., Mass. Spectrom. Rev. 26 (2007) 370-388 report applications 

of mass spectrometry for the structural characterization of recombinant protein 

pharmaceuticals. Mass spectrom.etry for structural characterization of therapeutic 
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antibodies is reported by Zh.ang, Z., et al., in Mass. Spectrom. Rev. 28 (2009) 147- 

176. Yu, X.C., et al. (Anal. Chem. 81 (2009) 9282-9290) report the identification. 

of cod.on-specific seri.ne to asparagine mistransl.ations in recombinant monoclonal 

antibodies by high-resolution mass spectrometry. The determination of protein 

5 oxidation by mass spectrometry and method transfer to quality control is reported 

by Houde, D., et al., J. Chromatogr. 11.23 (2006) 189-198. 

iumursAijithumti n 

Herein is provided a method for the determination of amino acid sequence variants, 

i.e. mutations in the amino acid sequence, of a polypeptide. Indirectly therewith. 

10 also nucleic acid. sequence variants can be determined. 

In more detail herein is reported a method for determining amino acid sequence 

mutations 	in 	a 	(produced) 	polypeptide, 	comprising 	th.e 	following 	steps:- 

a) providing a sample of a (produced) polypeptide, b) incubating the polypeptid.e in 

the sample with a protease, c) performing a two dimensional analysis using 

15 reversed phase chromatography coupled with high resolution mass spectroscopy 

(FT-ICR / FT-orbi.trap) and MS/MS analysis of the amino acid sequence fragments 

of the peptides, d) data evaluation. by comparing the LC-MS data sets obtained for 

the samples sid.e by sid.e with the data set of a reference sample, by searching for 

differences in the signal intensities at given retention times and by evaluation of 

20 differential signals with. respect to amino acid sequence mutations. The reference 

sample for data evaluation (step d) can be either a well characterized standard or 

on.e of the samples to be analyzed. 

A first aspect as reported herein is a method for determining an amino acid 

sequence variant, especial.ly an amino acid mutation in. the amino acid sequence, of 

25 a polypeptide, characterized in comprising the following steps: 

a) providing at least two samples of the polypeptide, 

b) incubating the samples each with a protease, 

c) analyzing the incubated samples by a two dimensional data analysis 

comprising 	the 	combination 	of reversed 	phase 	chromatography 

30 separation with mass spectrometry analysis and/or MS/MS analysis, 

d) defining the data-set obtained with on.e sample in step c) as reference 

sample and comparing th.e data-sets obtained with the other samples in 

step c) with the data-set of the reference sample, whereby every 
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difference determined is an amino acid sequence variation (mutation) 

of the polypeptide and thereby determining an amino acid sequence 

variant of the polypeptide. 

Another aspect as reported herein is a method for determining an amino acid 

5 sequence mutation in the amino acid sequence of a pol.ypeptid.e, characterized in 

comprising the following steps: 

a) providing at least two samples of the polypeptid.e, 

b) incubating the samples each with a protease, 

c) analyzing the incubated samples by a two dimensional data analysis 

10 comprising the combination of reversed phase chromatography 

separation with mass spectrometry analysis and/or MS/MS analysis, 

d) defining the data-set obtained with one sample in step c.) as reference 

sample and. comparing the data-sets obtained with the other samples in 

step c) with the data-set of the reference sample, whereby every 

15 difference determined is an amino acid sequence mutation of the 

polypeptid.e and thereby determining an amino acid. sequence mutation 

of the polypeptid.e, 

or th.e following steps: 

20 

a) providing at least one sample of the polypeptide, 

b) incubating the sample with a protease, 

c) analyzing the incubated sample by a two dimensional data analysis 

comprising 	the 	combination of reversed. phase 	chromatography 

separation with mass spectrometry analysis and/or MIS/MS analysis, 

d) comparing the data-set obtained with the sample in step c) with the 

25 data-set of a reference sample determined with a method as reported in 

steps b) and c), whereby every difference determined is an amino acid 

sequence mutation of the polypeptide and thereby determining an 

amino acid. sequence mutation of the polypeptide. 

The provided. samples may originate from different clones obtained by transient 

30 transfection of a nucleic acid encoding the polypeptide, or from stable transfected. 

cell lines, or from cell lines of different age, or different fermentation scales, or 

fermentation runs under different conditions. In on.e embodiment of from 2 to 

10,000 samples are provided, in another embodiment of from 2 to 1,000 samples 

are provided, and in a further embodiment of from 2 to 348 samples are provided. 
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In. one embodiment the method further comprises a step 

e) 	determining the identity and. position of the amino acid sequence 

variation (mutation) by MS/MS fragmentation and data analysis. 

In another embodiment an additional sample is provided which comprises the 

5 polypepti.de spiked with the polypeptide with a known amino acid. sequence 

variation (mutation). The additional sample is incubated, analyzed and. compared in 

addition to the provided samples. in one embodiment the analyzing is performed at 

a pH value of less than 8.0 and at a temperature .of less than 40 °C. These 

conditions reduce method induced amino acid sequence changes. In a further 

10 embodiment the pH value is of from pH 6.5 to less than pH 8.0. In another 

embodiment the temperature is of from 20 'V to 40 °C. in another embodiment the 

sample is provided in a tris (hydroxymethyl) aminomethane buffer for enzymatic 

digestion. in still a further embodiment the incubating of the samples with a 

protease is a cleavage of the polypeptide by the protease in fragments of from 3 to 

15 60 amino acid residues in length. 

In one embodiment the comparing in step d) i.s performed with the data of one, or 

some, or all MS-charge states. In a further embodiment the comparing comprises 

the overlaying of the mass spectrometry total ion chromatograms (MS-TIC) of the 

reference sample and each of the other samples, whereby the intensity ratio of all 

20 overlapped. and aligned masses is calculated and peaks with a ratio of more than 10 

have to be considered as amino acid sequence variation (amino acid sequence 

mutation). In still a further embodiment the comparing comprises in addition. the 

comparing of the DNA translated proteolytic fragment peptide pattern to the mass 

spectrometry total ion chromatogram (MS-TIC) of the sample. For amino acid. 

25 sequence variant (amino acid sequence mutation) search single base substitutions, 

deletions and insertions in the encoding nucleic acid. sequence of the polypeptide 

investigated are allowed, obtained sequences are in silica translated and in silica 

digested with the same enzyme as used in the method. Subsequently, amino acid 

sequence variants (amino acid sequence mutations) are identified by matching the 

30 experimentally determined MS/MS fragment spectrum of a peptide with. the 

theoretical MS/MS spectra of the peptide derived from the in silica process 

described before. 

In a further embodiment the polypeptide is a complete immunoglobulin, an 

immunoglobulin 	fragment, 	or 	an 	immunoglobulin 	conjugate. 	In 	another 
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embodiment th.e polypeptide in the samples is reduced and the free sulthydryl 

residues are carboxymethylated prior to the incubation with the protease. 

The samples are all treated separately, i.e. individually and. not as mixture, in the 

steps according to the methods as reported herein. In one embodiment the samples 

5 are treated. individually in the reducing step, the incubating step, and the analyzing 

step. In one embodiment the method is a method for high throughput 

determination. 

In one embodiment the samples are incubated for 1.6 hours to 18 hours with the 

protease and immediately thereafter formic acid or trifluoro acetic acid. are added. 

10 In a further embodiment th.e samples are incubated for 4 hours with the protease 

and. immediately thereafter formic acid or trifluoro acetic acid are added. 

Another aspect as reported herein is a method for producing a polypeptide 

comprising the step of selecting a cell producing a polypeptide, whereby the 

polypeptide comprises the smallest number and the smallest ratio, respectively, of 

15 amino acid. sequence variations, i.e. mutations in the amino acid sequence, of all 

processed samples. Another aspect as reported herein is a method for producin.g a 

polypeptide comprising the step of selecting a cell producing a polypeptide, 

whereby the polypeptide comprises no detectable amino acid. sequence mutation 

20 

(variations). In one embodiment the smallest number and the smallest ratio, 

respectively, of amino acid sequence variations (mutations in the amino acid 

sequence) is determined with respect to a reference sample or a predetermined 

amino acid sequence. 

In one embodiment the method comprises the steps of: 

a) 	providing at least two cells comprisi.n.g a nucleic acid encoding the 

25 polypeptide, 

b) single depositing and cultivating the cells, 

c) performing with the single deposited cells a method. as reported herein, 

d) selecting a cell producing a polypeptide, whereby the polypeptide 

comprises the smallest number, and/or smallest ratio of amino acid 

30 sequence variations (amino acid. sequence mutations), 

e) cultivating the selected cell, 

f) producing a polypeptide by recovering the polypeptide from the cell or 

the cultivation medium. 
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In one embodiment the provided cell is selected from a transiently transfected cell., 

or a stable transfected cell, or an immune cell obtained from an animal after 

immunization. 

"tjmufjhauLtatjga 

5 Therapeutic proteins, e.g. produced by recombinant methods, may be a mixture of 

molecules with. slightly different amino acid sequences, whereby the difference is 

not only at the C- or N-terminus of the amino aci.d sequence but also within the 

amino acid sequence (e.g. amino acid mutations, exchanges, oxidation or thioether 

formation). Amino acid sequence mutations (variations) can be detected with a 

10 method as reported herein by peptide mapping methodology. These amino acid. 

sequence mutations (variations) may emerge, for example, i) during nucleic acid 

replication by errors of the nucleic acid. polyrnerase, or i.i.) during nucleic acid 

transcription by errors of the RNA polymerase or the splicing apparatus, or iii) 

during protein translation by acquisition of the wrong t-RNA or by t-RNAs loaded 

15 with the wrong amino acid, or iv) as unintended post-translational. modification. or 

incomplete removal of the signal peptid.e. Therefore, an amino acid sequence 

mutation (variation) can result from the integration/amplification process of the 

DNA encoding the respective polypepfide, or from the replication of the coding 

nucleic acid, or the transcription including post transcriptional modification (e.g. 

20 during mRNA splicing or RNA editing) or during translation.. Amino acid 

variations resulting from. a modification of individual amino aci.d residues after 

release of the molecule from. the ribosome 	are defined as not necessarily 

unintended post translational modification and are not a mutation (variant) as 

termed herein. 

25 From literature it is known that eukaryotic (as well as prokaryotic) enzymes have 

an average error rate of: 

replication: 	- 1 per 108  to 10.1.2  replicated nucleic acid bases by normal 

polymerases, 

- 1 per 101  to 103  replicated nucleic acid bases by error- 

30 prone polymerases; 

transcription: 	1 per 104  to 105  transcribed nucleic acid. base pairs; 

translation: 	1 per 103  to 104  incorporated amino acid residues. 
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This shows that on the one hand the error rates during the replication step by the 

induction of error-prone polymerases and on the other hand during translation have 

the most influence especially in combination with the "stress" exerted on the cells, 

e.g. during the selection process after transfection or during the growth in the 

5 presence of a selection agent. Additionally mutations during translation are 

statistical events whereas mutations during replication. would result in single events 

with. stable location/locus. That is, errors during replication would. result in position 

speci.fi.c and reproducible amino acid sequence mutations (differences), whereas 

transcriptional and translational errors can result in non-position. specific amino 

10 acid mutations (variations) and a statistical distribution of these changes over th.e 

entire molecule. Finally, also the transfection process including integration into the 

genome for obtaining the recombinant cell can results in up to 1 % changed. DNA 

(see e.g. Lebkowski, J. S., et al., Mol. Cell Biol. 4 (1984) 1951-1.960). This would. 

result in a position specific mutation (variation) prior to replication with a 

15 frequency of up to 1:100. 

Herein is reported a sample preparation., data collection. and evaluation method 

using two dimensional data analysis comprising a LC-MS/MS based. peptide 

mapping with highest possible sequence coverage in order to prove the correct 

composition. and amino 	acid 	sequence of a polypeptide 	and the relative 

20 quantification of potentially mutant amino acid sequences (variants) vs. non-mutant 

amino acid sequences (non-variants). It h.as to be pointed out that the method as 

reported herein. uses fragmented proteins instead of intact or complete proteins for 

the analysis. Thi.s increases the sensitivity of the method to the detection of very 

low levels of mutations. This also avoids the interference and the need of the 

25 distinguishing and the resolving of isobaric masses for possible mutations. 

For the determination of an amino acid sequence mutation (variation) two different 

starting positions are possible: 

Case A: 	If already a characterized sample is availabl.e thi.s can be chosen 

as reference sample an.d the sample to be determined. can be 

30 compared therewith: 	the known peptide 	pattern and. peak 

assignment is used. as reference and every detected difference in 

the sample can be an amino acid sequence mutation (variation). 

Such a reference material may be a material from a well 

characterized cell line, e.g. from a defined. fermentation process. 
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Case B: 	If no already characterized sample is available then 

a) for peak assignment a complete characterization of one 

sample 	can 	be 	performed 	and 	Case 	A 	can 	be 

applied/followed. (C✓ase B-1); or 

5 b) one sample is arbitrarily chosen as reference sample (Case 

B-2) and the remaining samples are compared therewith; 

this 	includes 	th.e 	determination 	of 	differences, 	i.e. 

mutations, in both, the reference sample as well as the non-

reference samples. 

10 The reference sample may be from a different cell line, or cell line generation, or 

cultivation scale, or obtained under changed/different cultivation conditions (such 

as e.g. media composition). 

In one embodiment if a large number of samples have to be analyzed any sample 

can be chosen as reference sample and. all other samples can be grouped according 

1.5 to the determined amino acid sequence mutations (variation). Afterwards a detailed 

characterization is performed in each group. 

In one embodiment of all aspects as reported herein the polypepti.de  is a complete 

immunoglobulin, or an immunoglobulin fragment, 	or 	an 	inamunoglobulin 

conjugate. 

20. General Methodology: 

A sample con.tainin.g the polypeptid.e to be analyzed is digested with a protease, e.g. 

trypsin, resulting in. characteristic amino acid sequence fragments (pepti.des). In one 

embodiment the size of the amino acid sequence fragments is starting of from 3 or 

4 amino acid residues and up to 60 amino acid residues in length. In the second. 

25 step a chromatographic separation of the amino acid sequence fragments (reversed. 

phase high performance liquid. chromatography, RP-FIPLC) coupled with high 

resolution mass spectrometry (MS) using Fourier transform ion cyclotron (FT-ICR 

/ Ff-orbitrap) technology and mass spectrometry (MS/MIS) analysis of the amino 

acid sequence fragments obtained in the mass spectrometer by collisionally induced. 

30 dissociation (CID) is performed.. This is a two dimensional data analysis. Due to 

the two dimensions of the analysis, i.e. time versus mass, an improved resolution. 

can be obtained. The two dimensional analysis also allows that a low resolution of 
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the liquid chromatography separation can be accepted. prior to th.e MS analysis as 

overlapping peaks can be resolved during the MS analysis. 

The obtained HPLC-MS data sets are thereafter compared, i.e. a comparison of 

amino acid sequence fragment elution patterns and mass to charge (m/z) patterns of 

5 the samples and identification of mutations, i.e. differences, is performed by 

analysis of the MS/MS fragment spectra. If a reference sample based. analysis is 

performed, 	amino 	acid. 	fragment 	identification, 	peak 	assignment 	and/or 

determination of sequence coverage have to be performed in addition to the 

detection of amino acid sequence fragments containing amino acid sequence 

10 mutations (variations) and their relative quantification. In one embodiment the 

polypeptide is either an immunoglobulin. or a non-immu.noglobulin. polypeptide. 

With the method as reported herein. the composition of a sample and the fraction of 

molecules with amino acid sequence mutations (variations) therein. can be 

determin.ed. Also a qualitative determination of the. consistency of a sample can be 

15 performed by matching the experimentally 	determined mass 	spectrometry 

fragmentation data to theoretical amino acid sequence fragment masses obtained by 

in silico proteolytic digestion of the polypeptid.e and its variants and subsequent 

simulation of collisionally induced 	fragmentation. 	Finally a sequence with 

proposed mutations (variations) and mutation (variant) positions can be obtained 

20 and confirmed by manual data evaluation. Once an amino acid sequence mutation. 

(variation) has been identified it can be quantified relative to the unmodified amino 

acid sequence by using th.e data of one, some, or all MS-charge states. 

1.t has been. found that by employing spikin.g experiments the method as reported 

herein has an overall limit of detection of at least 0.1-1.0 % of mutant amino acid. 

25 

30 

sequence (vari.ants). It has further been found that it is on one hand advantageous to 

avoid basic pH values and high temperatures during the sample preparation. in. order 

to avoid deamidation., i.e. method induced modifications. Therefore in one 

embodiment of the method as reported herein the method is performed in the 

neutral and weak basic pH range, i.e. at a pH vale below pH 8.0 and above pH 6.5, 

and at moderate temperatures, i.e. at temperatures below 40 °C. Further has been 

found that as in one embodiment by using a tris (hydroxymethyl) aminom.ethane 

buffer instead of a commonly used ammonia-bicarbonate buffer for mass analysis 

less method dependent artifacts are obtained. 
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The current method uses LC-MS data sets for th.e determination and. allows for the 

detection and identification of one or more amino acid mutations (variations) in a 

Cryptic digest of a sample polypeptide. For the identification MS/MS data can be 

used and the 	"error-tolerant-search" method. identifies amino acid sequence 

5 mutations (variations) based on a single nucleic acid exchange, insertion or 

deletion. Analogously it is also possible to identify fragments and some other 

known modifications. 

10 

This comparative approach can. dramatically reduce the required time for the 

analysis as only the differences have to be specifically analyzed. Also, if selected, 

the reference sample has to be analyzed. only once. if many mutations (differences) 

are present in the samples these can be grouped by modifications and representative 

samples of each group can be analyzed. 

Detailed Method: 

In the following specific embodiment of all methods as reported herein are 

15 described. 

The samples can be reduced by the addition of dithiotreitol (DDT). Also free 

sulfhydryl residues can be carboxyinethylated by iodoacetic acid. Afterwards the 

buffer of the sample can be exchanged and adjusted for the enzymatic digestion. 

The sample can be enzymatically digested overnight (16 to 18 hours) and the 

20 digestion can be stopped by the addition of trifiuoro acetic acid. The digested 

sample can be subjected to RP-.PLC separation and high resolution mass 

spectrometric analysis of the separated amino acid sequence fragments (using e.g. 

FT-ICR/FT-orbitrap mass spectrometer). 

The term "data set" as used herein denotes the mass to charge ratios obtained time- 

25 resolved during the chromatographic elution in a mass spectrometer by ionizing the 

digested and. time resolved amino acid. sequence fragments contained in a sample in 

order to generate charged molecules or charged fragments. The data set comprises 

at least the mass spectrometric total ion chromatogram (MS-T1C) and. the tandem 

mass 	spectrometric 	data 	(MS/MS-data) 	obtained. 	by 	collisionally 	induced 

30 dissociation of the parent molecules. 



Case A: 

Samples to be assessed are analyzed together with an available reference sample. 

Each sample and the reference sample should be determined at least twice. As 

positive control a sample which is similar to the reference sample, i.e contains one 

5 or two amino acid sequence mutations (variations), is spiked to the reference 

sample and used as artificial mutant amino acid sequence (variant). The artificial 

mutant amino acid sequence (variant) is spiked to the reference sample, in one 

embodiment in 0.5 % (w/w), for confirmation of the overall sensitivity of the 

method. For setting up the parameters of the analytical method the results obtained 

10 with the reference sample, i.e. the recombinant, produced polypepti.de  without a 

mutation (modification) or with known mutation (modification) pattern, and with 

the reference sample spiked with the mutant amino acid sequence with the artificial 

amino acid sequence mutation (variant) can be compared. With these parameters 

the following analysis can be carried out. 

15 For the determination the total ion chromatogram. (TIC) of the reference sample 

and a sample to be analyzed can be overlaid and the signal intensities of 

corresponding mass signals at a given retention. time (i.e. retention time and mass 

related) can be compared.. Thus, in one embodiment the analyzing and/or the 

determining is a two dimensional analyses using a separation according to 

20 chromatographic retention time and mass (m/z value). Th.e intensity ratios, i.e. the 

ratios of the signal intensities of the sample to the signal intensities of the reference 

sample, of all overlaid/aligned masses can be calculated. This ratio can be plotted. 

against the retention time, whereby: 

a) peaks of the same mass and. with the same intensity in reference sample 

25 and sample are denoted with values of about 1, whereby masses present 

more frequently in the sample to be analyzed are denoted with values 

larger than 1, 

b) all masses with a value of more than 1, in one embodiment with a valu.e 

of more than 3, or more than 10, or more than 100, in one embodiment 

30 with a value of from 10 to 5*109, in another embodiment with a value 

of from 100 to 5*109, are identified., whereby for the identification all 

MS/MS spectra corresponding to the parent mass are used and the 

different charge states are also taken into account, 

c) quantification of a mutant amino acid. sequence (variation) can be 

35 carried out by using one, or some, or all charge states in the mass 
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spectrum relative to each other, whereby for the natural amino acid 

sequence and. the mutant amino acid sequence (variant) the same charge 

state is chosen, the extracted ion chromatograms (EICs) are generated 

and the area under the curve of th.e peaks corresponding to each other in 

5 the EICs are quantified. relative to each other according to the following 

formula: 

100 	
* mutant amino acid sequence 

natural amino acid sequence + mutant amino acid sequence 

In one embodiment the m/z-window used for th.e analyzing is the respective mass 

plus/minus 1.6 amu .m/z. In order to ensure that the data can be processed. in a 

10 	timely manner in one embodiment a ratio of 2.5 or 3 is set as threshold, i.e. all 

ratios below that limit are not analyzed. 

Case B: 

In this case no already characterized sample is available. For one of the provided 

samples to be analyzed (in th.i.s case more than one sample to be analyzed has to be 

15 	available) an alignment of all determined masses in the TIC to the theoretically 

determined peptide pattern can be performed, i.e. a peak assignment can be 

performed (with predetermined. protease for the digest). Important for the correct 

alignment can be on the one hand the exact mass and on the other hand the MS/M.S 

fragment coverage for sequence confirmation of the peptide suggestions. In one 

20 	specific embodiment amino acid sequence mutations (variations) can be identified 

by an error-tolerant search by adding to or . subtracting from, respectively, each 

calculated theoretical mass of the natural amino acid. sequence the mass differences 

resulting from a nucleic acid mutation, i.e. a single nucleotide substitution, 

deletion, or insertion in a base triplet (colon) resulting in a difference in the amino 

25 	acid sequence. Subsequently, a suggested amino acid sequence mutation (variation) 

has to be confirmed by the MS/MS-fragmentation pattern. Therewith not only the 

identity of the amino acid sequence mutation (difference) but also the position of 

the amino acid mutation (change) has to be covered by the masses of the fragments 

in the MS/MS-analysis. 

30 	However, the complete peak assignment of the LC-MS data set is not mandatory 

and only the differences can be analyzed. All remaining samples can be compared. 

with th.e sample analyzed as outlined above. 
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The quantification of a mutant amino acid sequence (variation) is carried out by 

using one, or some, or all charge states in the mass spectrum relative to each other, 

whereby for each of the natural amino acid sequence and the mutant amino acid 

sequence 	(variation) 	the 	same 	charge 	state 	is 	chosen, 	the 	extracted 	ion. 

5 chrom.atograms (EICs) can be generated and. the area under the curve of the peaks 

corresponding to each other in the EICs can be quantified relative to each other 

according to the following formula: 

100 	
4,  mutant amino acid sequence 

natural amino acid sequence + mutant amino acid. sequence 

10 With the method as reported. herein a method for identification of amino acid 

sequence mutations (variants) down to the sub-percentage, range is available. The 

overall sensitivity was determined to be at least about 0.5 % depending on nature of 

the amino acid sequence fragment. In certain cases the sensitivity could be below 

0.5 % (e.g. for amino acid sequence fragments with. good chromatography and/or 

15 ionization properties). In case studies variations between 0.1 % and 10 % can be 

detected, in some cases down to 0.02 %. This can be achieved e.g. by a defined 

combination of software tools needed to achieve significant and. reliable results. 

In case of detection of amino acid sequence mutations (variations) false positive 

results can be ruled out by confirming the detection by either: 

20 isolating the polypeptide containing the amino acid sequence mutation 

25 

(variation) from the peptid.e map and performing adman sequencing, 

- 	synthesizing the peptide with the amino acid mutation (variation) and 

spiking it into the polypeptid.e for MS and. MS/MS analysis confirming 

the retention and MS/MS profile, 

confirming the presence by DNA sequencing of th.e respective sample 

prod.u.cin.g cell clone, 

digestion with a different proteolytic enzyme and analysis of the 

therewith. obtained fragments. 

Example of a spiking experiment: 

30 Th.e evaluation of th.e sensitivity for detection. of polypeptides with. mutations 

(variations) was performed with a model polypeptide, a monoclonal antibody 

(mAb), spiked. with a second niAb with amino acid sequence mutations (variation) 

at various ratios, i.e. in various concentrations. In one example, the niAb with 
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amino acid sequence mutation (variation) was spiked at 1 % (w/w), i..e. two 

different peptides are expected to be identified by the method. as reported herein. 

mAb: 	 LC peptide 	XXIXXXX 

mutant mAb: 	LC peptide 	XXVXXXX 

mAb: 	 HC peptide 	XXXXXX.XXXXTXX.XXX 

mutant mAb: 	HC peptide 	XXXXXXXXXXIXXXXX 

In. a second example, the mutant (variant) mAb was spiked at varying ratios (0.5- 

10 %) to the mAb, i.e. 17 different mutant (variant) peptides were expected. 

Thus, herein is reported a method for determining a polypeptide with a mutant 

amino acid sequence, characterized in comprising the following steps: 

a) providing at least two samples of the polypeptide, 

b) incubating the samples each with the same protease, 

c) analyzing the incubated samples by a two dimensional data analysis 

using a combination. of a reversed phase liquid chromatography 

separation, and a mass spectrometry analysis and/or MS/MS analysis, 

defining the data set obtained with one sample in step c) as reference 

sample and comparing the data sets obtained with the other samples in 

step c) with the data set of th.e reference sample, whereby every amino 

acid sequence difference determined is an amino acid sequence 

mutation of the polypeptide and thereby determining a polypeptid.e with 

a mutant amino acid sequence. 

In one embodiment every amino acid sequence difference with a ratio of more than 

3 of the intensity of the sample mass spectrum signal to the intensity of the 

reference mass spectrum signal is an amino acid sequence mutation. In a further 

embodiment th.e rn/z frame width used in the analyzing is 1.6 or more. In a further 

embodiment the method further comprises a step e) determining the identity and 

position of the amino acid mutation in the amino acid sequence by MS/MS 

analysis. In also an embodiment a further sample is provided which comprises the 

polypeptid.e spiked with the polypepti.de  with a known amino acid sequence 

mutation (variation) and the further sample is incubated and. analyzed and 

compared in addition to the provided. samples. In one embodiment the analyzing is 

performed. at a pH value of less than 8.0 and at a temperature of less than 40 °C. In 

another embodiment the 	samples 	are provided in a tris 	(hydroxymethyl) 
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aminomethane buffer. In also an embodiment the incubating of the samples with a 

protease is a cleavage of the polypepti.de by the protease in amino acid sequence 

fragments of from 3 to 60 amino acid residues in length. In still an embodiment the 

comparing in step d) is performed with the data of one or some or all MS ch.arge 

5 states. In one embodiment the polypeptide is an immunoglobulin, immunoglobulin 

fragment or immunoglobulin conjugate. In another embodiment the samples are 

incubated for 16 hours to 18 hours with the protease an.d thereafter formic acid or 

trifluoro aceti.c acid are ad.ded. In a further embodiment the samples are incubated 

for 4 hours with the protease and. thereafter formic acid or trifluoro acetic acid are 

10 added. In also an embodiment the comparing comprises overlaying of the mass 

spectrometric total ion chromatogram (MS-TIC) of the reference sample and each. 

of the other samples to be analyzed, whereby the intensity ratio of all overlapped 

and aligned masses is calculated, whereby peaks with a ratio of more than 3, 

especially more than 10, are evaluated for being an amino acid sequence mutation. 

15 In still another embodiment th.e comparing comprises in addition comparing the 

DNA. translated proteolytic fragment peptide pattern of the theoretical amino acid 

sequence and the total mass spectrometry ion chromatogram (MS-TIC) of the 

sample to be analyzed, and amino acid. sequence mutations are identified by adding 

to or substracting from, respectively, each calculated. theoretical mass of the 

20 theoretical amino acid. sequence the mass differences resulting from a nucleic acid 

mutation, deletion, or insertion in a base triplet (codon) with an amino acid change. 

A. further aspect as reported herein is a method for producing a pol.ypepti.de  

comprising the following step: 

- 	selecting a cell producing a polypeptide, whereby the polypepti.de  

25 comprises the smallest number or ratio, respectively, of amino acid 

sequence mutations of all processed samples or with respect to a 

reference sample or predetermined amino acid sequence determined 

with. a method. as reported herein. 

Also an aspect as reported herein is a method for producing an imrnunoglobulin 

30 comprising the steps of: 

a) providing at least two cells comprising a nucleic acid encoding th.e 

irn.m.unoglobulin, 

b) single depositing and cultivating the cells, 

c) performing a method. as reported herein, 
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5 

d) selecting 	a 	cell 	producing 	an 	i.mmunoglobul.in, 	whereby 	the 

immunoglobulin comprises the smallest number or ratio, respectively, 

of amino acid sequence mutations with respect to a reference sample, 

e) cultivating the cell, 

f) producing the polypeptid.e by recovering the polypepti.de  from the cell 

or the cultivation medium. 

The following examples, sequence listing and figures are provided to aid the 

understanding of the present invention, the true scope of which is set forth in the 

appended claims. It is understood that modifications can be made in the procedures 

1.0 set forth without departing from the spirit of the invention. 

ausjuggiufftaamgagadWia 

SEQ ID NO: 01 Anti-CCR5 antibody heavy chain variable domain 1. 

SEQ ID NO: 02 Anti-CCR5 antibody light chain variable domain 1. 

SEQ ID NO: 03 Anti-CCR5 antibody heavy chain. variable domain 2. 

15 SEQ ID NO: 04 Anti-CCR5 antibody light chain variable domain 2. . 

SEQ ID NO: 05 Anti-CCR5 antibody heavy chain variable domain 3. 

SEQ ID NO: 06 Anti-CCR5 antibody light chain variable domain 3. 

SEQ ID NO: 07 Human IgG1 constant region. 

SEQ ID NO: 08 Human. IgG4 constant region. 

20 SEQ ID NO: 09 Human kappa light chain constant domain. 

SEQ ID NO: 10 Human lambda light chain constant domain. 

Pg tuAutiwasilhaigum 

Figure 1 	A representative temporal sequence of the scan event cycle for 

25 data dependent acquisition of MS/MS spectra; abbreviations: FT 

ICR - Fourier transform ion cyclotron resonance; LIT - linear ion 

trap; CID - collisionally induced dissociation; RP - resolution 

power; SID - source induced dissociation. 

Figure 2 	Total ion chromatogram of tryptic peptide maps from a reference 

30 anti-CD19 antibody (reference) and a sample anti-CD19 antibody 

(sample) acquired on an LTQ FT ICR (Thermo Scientific). 

Figure 3 	Overlay of LC-MS chromatograms aligned by retention time of 

prominent peaks. Data were from. tryptic peptide maps of two 
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anti-CD19 antibodies (reference and sample). A and B are mean 

TIC profiles of two replicates each. 

Figure 4 Scatter Plot showing the differences between sample 	and 
reference anti-CD19 antibody. 

Figure 5 Zoom of Figure 4. 

Figure 6 Assigned MS/MS spectrum of the sample anti-CD19 antibody 

BC amino acid sequence fragment (y-ion series and. b-ion series 

of collisionally induced. dissociation. of the doubly charged parent 

ion). 	Characteristic 	MS/MS 	fragments 	for the 	amino 	acid. 
sequence variant are shown in bold. 

Figure 7 Assigned MS/MS spectrum of the sample anti-CD19 antibody LC 

amino acid sequence fragment (y-ion series and b-ion series of 

coll.i.sionally induced dissociation of the doubly charged parent 

ion). 	Characteristic MS/MS 	fragments for the amino 	acid 
sequence variant are shown in bold. 

Figure 8 Extracted ion chromatogram of natural amino acid sequence and 

the amino acid sequence of the sample anti-CD19 antibody HC 

amino acid sequence fragment within the LC-MS sample run. 

Result of quantitation: 2 wt-% of mutant amino acid sequence 

(variant) is present in the sample. 

Figure 9 Extracted ion chromatogram of the natural amino acid sequence 

and the sample anti-CD19 antibody LC amino acid sequence 

fragment within the LC-MS sample run. Result of quantitation: 

0.5 wt-% of mutant amino acid sequence (variant) is present in 
the sample. 

Figure 10 Overlay of LC-MS chromatograms aligned. by retention time of 

prominent peaks. Data were from tryptic peptide maps of two 

anti-CCR5 antibodies (reference and sample). 

Figure 11 Scatter Plot showing the differences between reference and 

sample anti-CCR5 antibody. 

Figure 12 Extracted. ion chromatogram of the natural amino acid. sequence 

and the sample anti-CCR5 antibody LC amino acid fragment 

within the LC-MS sample run.. 

Figure 13 Extracted. ion chromatogram of the natural amino acid sequence 

and the sample anti-CCR5 antibody HC amino acid sequence 

fragment within the LC-MS sample run. 



- 18 - 

Example 1  

Materials and Methods 

Sample preparation method for the reference and the sample: 

a) Reduction and alkylation: 

5 250 fig of imrnunoglobulin in a volume of maximal 100 fil were diluted with 

denaturation buffer (0,4 M Tris-HC1, 8.0 M guanidinium-hydrochloride, pH 8) to a 

final volume of 240 fil. 20 fil of dithiothreitol (240 mM in denaturation buffer) 

were added to the solution and the mixture was incubated at 37 °C ± 2 °C for 60 

minutes. Afterwards 20 ill of an iodoacetic acid solution (0.6 M in purified water) 

10 were added, vigorously mixed and incubated for 15 min. at room temperature in the 

dark. The alkylation reaction was stopped by the addition of 30 fil of a 

dithiothreitol solution (240 MIV1 in denaturation buffer). 

b) Buffer exchange: 

The buffer of 300 ail (approximately 250 fig or 3.2 nmol) of a solution comprising 

15 the denatured, reduced, carboxymethylated immunoglobulin was exchanged using 

a NAPTM 5 Seph.adexTM G-25 desalting column. Briefly, the column was 

equilibrated with. 10 nil of a buffer solution comprising 50 mIVI Tris-HC1, pH 7.5, 

the sample was applied to the column, the column was washed with 350 fil of the 

previous buffer solution and the sample was recovered in approximately 480 pi. 

20 Between each. step (column equilibration, sample application, washing and elution) 

the solution was allowed to enter the packed column bed completely. 

c) Enzymatic digestion: 

48 fil of a trypsin solution (0.2 g/l in Tris-HC]., pH 7.5) were added to the buffer 

exchanged immunoglobulin solution and incubated at 37 °C for about 16 hours at 

25 room temperature. The digestion was stopped by the addition. of 20 pd 10 % (v/v) 

trifluoro acetic acid (TFA) solution. 

LC-MS/MS data acquisition method: 

The LC-MS/M.S analysis was performed by chromatographic separation (LC) of 

the hydrolytic peptides obtained in the tryptic digestion steps followed by MS and 

30 MSIMS detection, respectively, using a nano ES! ion source from. Advion 

BioSciences as an interface between HPLC and mass spectrometer. 
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The chromatography was carried out with the following parameters: 

HPLC: 	 Dionex Ultimate 3000 

Flow rate: 	 40 pl/min 

LTV detection wavelength: 	220 nm and 280 nm 

5 Temperature of the column oven: 	35 °C 

Sample loop: 	 10 aul 

Column: 	 Dion.ex pep Map C18, 3 pm, 100 A, 1x150 

mm 

injection volume: 	 10111 

10 Fluent A = HPLC gradient grade water containing 0.1 % formic acid 

Fluent B = HPLC gradient grade acetonitrile containing 0.1 % formic acid 

The applied gradient was from 5 vol(Vo Elu.ent B to 100 vol% Fluent B in 75 

minutes. 

The nano ESI MS or MS/MS was carried out with the following parameters: 

15 Nano ESI source: 	 Triversa NanoMate (Advion) 

Flow into mass spectrometer ion source: 	approx. 200 nl/min. managed by a flow 

spl.itter 

Gas pressure: 	 0.1 — 0.5 psi 

Voltage to apply: 	 1.1 — 1.7 kV 

20 Positive ion: 	 selected 

The mass spectrometric detection was carried out with the following parameters: 

Instrument: 	 ESI LTQ-FT ICR (Thermo Scientific) 

Capillary temperature: 	 175 °C 

Ion trap collision energy for MS/MS: 	40 % 

25 Tube lens voltage: 	 100 V 

Dynamic exclusion feature: 	 enabled (Repeat Count: 1, Exclusion 

Duration: 8 sec, Exclusion mass width: 

3  ppm). 

A representative temporal sequence of the scan event cycle for data dependent 

30 acquisition of MS/MS spectra is shown in Figure 1. 
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The data acquisition range was 350 — 2000 tniz for MS spectra. M/2 range for 

MS/MS spectra was used according to standard instrument settings. The number of 

MS/MS spectra per high resolution FT scan can vary between 3 to 5. The SID scan 

is not mandatory for this type of analysis. 

5 Dampigi 

Analysis of an anti-CD19 antibody reference and sample 

Data generation: 

The reference and the sample of the anti-CD 19 antibody have been treated 

according to the Materials and. Methods section. MS data has been acquired 

1.0 according to the Materials and Methods section. 

Data analysis: 

a) Detection of differences between reference and sample using LC-MS data 

sets 

For comparison of mass profiles obtained for the reference and the sample (total 

15 ion chromatograms (TICS), see Figure 2) SIEVE 	software package (version 1.1.0 

from Thermo Scientific) has been used. Briefly, the TIC data sets of the reference 

and the sample were aligned by retention time (Figu.re 3) and compared for mass 

peak intensities within a preset retention time window down to a preset threshold 

(Figures 4 and 5). 

20 Mass signals different in reference and sample according to the parameters 

predefined for evaluation are listed. in Table 1. Mass signals present. at identical 

intensities in the reference and the sample appear at a ratio of I. Mass signals with 

higher intensity in the sample than in the reference (e.g. amino acid. point 

mutations) appear with ratios larger than 1. The ratios were calculated by dividing 

25 the overall signal intensity in the given rn/z versus retention time frame of the 

sample by the corresponding intensity in the reference. If the overall signal 

intensity in the given m/z versus retention time frame of the reference is zero (e.g. 

no background signal due to active noise reduction during data acquisition), the 

ratio is equal to the overall. signal intensity of the sample in the corresponding 

30 frame (e.g. hits 2-10 in Table 1). 
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Table 1: 	Data for all differential peaks with a ratio >50. 

' 
4.414   
 '  	:  

mi:!,,!::: .,..;!::? 
.4.fDp,? 

kia :;;iiiiiiii4iiite' 	Otgiti 

1 1061.19 1062.7 9 20.7385 21.0385 140043 mutation 1; z = 1 

2 1441.94 1443.54 36.043 36.343 68943 
background, not peptide 

related, no MS/MS 
triggered 

3 1989.61 1991.21 36.0909 36.3909 59552 
background, not peptide 

related, no MS/MS 
triggered 

4 1864.12 1865.72 36.0909 36.3909 55943 
background, not peptide 

related, no MS/MS 
triggered 

5 890.645 892.245 36.0909 36.3909 52340 
background, not peptide 

related, no MS/MS 
triggered 

6 1718.96 1720.56 36.0909 36.3909 52235 
background, not peptide 

related, no MS/MS 
triggered 

7 1347.59 1349.19 36.0909 36.3909 45291 
background, not peptide 

related, no MS/MS 
triggered 

8 1110.76 1112.36 36.0909 36.3909 45107 
background, not peptide 

related, no MS/MS 
triggered 

9 1235.23 1236.83 44.5509 44.8509 36205 
background, not peptide 

related, no MS/MS 
triggered 

10 965.611 967.211 36.0909 36.3909 33871 
background, not peptide 

related, no MS/MS 
triggered 

11 606.874 608.474 44.0258 44.3258 798 mutation 2; z = 3 
12 607.21 608.81 43.8741 44.1741 571 mutation 2; z = 3 
13 606.875 608.475 44.2013 44.5013 261 mutation 2; z = 3 
14 910.713 9.12.313 44.0258 44.3258 194 mutation 2; z - 2 
15 607.879 609.479 44.0258 44.3258 143 mutation 2; z = 3 
16 910.218 911.818 43.8741 44.1741 108 mutation 2;, z = 2 
17 601.538 603.138 45.6276 45.9276 96 not identified 

18 735.059 736.659 53.367 53.667 42 

present in both LC-MS 
runs but with only 

 
slightly different 

intensity 

19 1022.27 1023.87 6.84557 7.14557 40 

present in both LC-MS 
runs but with only 

 
slightly different 

intensity 
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Parameters used for comparison of reference and sample LC-MS data with SIEVE 

were as follows: 

Frame m/z width: 	1.6 

Frame tim.e width: 	0.3 mi.n. 

5 Intensity threshold: 	10000 

M/z start: 	 350 

Miz end: 	 2000 

Search peak width: 	30 % 

Retention time start: 	5 min. 

10 Retention time stop: 	60 min. 

These parameters have been optimized. for distinguishing amino acid sequence 

difference related hits from false positive, i.e. non-amino acid sequence difference 

related, hits. They only need to be adjusted according to the actual parameters of 

the LC-MS data as they are: 

15 i) chromatographic resolution (frame time width), and 

ii) the sensitivity of the instrument used and the background. noise 

(intensity threshold). 

Further the required sensitivity of the method, e.g. for the detection of very low 

abundant mutant amino acid sequence (variants), determines the intensity threshold 

20 to be set. Using e.g. a LTQ FT ICR instrument mutant sequences (variants) down 

to 0.2 % absolute frequency have been identified. 

b) Identification of differences between reference and sample using MS/MS 

data 

For identification of the differences found using the procedure as described in the 

25 previous paragraph first of all the isotope peak cluster was checked for being 

typical for peptides. Then, it was checked whether the respective mlz signal was 

selected for generation of. MS/MS fragmentation and whether it was identified by 

the Mascot error tolerant search (Mascot ETS). Each tentative sequence variant 

identified by Mascot ETS was checked and confirmed manually using the obtained. 

30 MS/MS fragment ion spectra (see Figure 6 and Figure 7). 

Alternatively, if MS/MS data have been recorded and Mascot ETS did not propose 

a sequence de novo sequencing was applied either manually or by using software. 
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c) Quantitation of identified mutant amino acid sequences (variants) 

The identified mutant amino acid sequence (variant) was quantified at the level of 

the (tryptic) amino acid sequence fragment containing the mutation (variation) and 

in relation to the original, non-mutated amino acid sequence fragment within the 

5 same sample (see Figure 8 and Figure 9). Two extracted. ion chromatograms (EIC) 

were generated from the LC-MS data of the sample, one for the sample and. one for 

the reference sample. The extracted ion chromatograms (EICs) include all charge 

states and all isotopic peaks of the respective peptide. The peaks generated by the 

respective EICs were integrated using the instrument software (X.Calibur) and th.e 

10 areas calculated hereby are used in the following formula: 

Percentage (sequence variation) = 

100 	
* mutant amino acid sequence 

natural amino acid sequence+ mutant amino acid sequence 

Wherein the peak area of the extracted ion chromatogram. taking into account all 

15 charge states and all isotopic peaks is used. 

Example 3  

Analysis of an anti-CCR5 antibody reference and sample 

For the determination. of a single amino acid change (mutation) in the variable 

domains, i.e. light chain variable domain and. heavy chain variable domain, an anti.- 

20 CCR5 antibody has been employed. The first or reference anti-CCR5 antibody has 

a variable heavy chain and variable light chain domain. amino acid sequence 

selected from the pairs of SEQ ID NO: 01 and 02, SEQ ID NO: 03 and 04, an.d 

SEQ ID NO: 05 and 06. The second or sample anti-CCR5 antibody has the 

following amino acid mutations (changes): in. the heavy chain variable domain 

25 (VH) the isoleucin.e residue at amino aci.d position 109 is mutated (changed) to 

threonine (VH-I109T), in the light chain variable domain (VL) the valine residue at 

amino acid position. 52 is mutated (changed) to isoleucin.e (VL-V52I). 

The sample anti-CCR5 antibody has been spiked. at 1 wt-% to the reference anti.- 

CCR5 antibody. 
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a) Detection of differences between reference and sample amino acid 

sequences using LC-MS data sets 

For comparison of mass profiles obtained for the reference and. the sample (total 

ion chromatograms (TICS)) SIEVETM  software package (version 	1.1.0 	from 

5 Thermo Scientific) has been used. Briefly, the data sets of the reference and the 

sample were aligned chromatographically by retention time (Figure 10) and 

compared for mass peak intensities within a preset retention time window down to 

a preset threshold. (Figure 11). 

Mass signals differences in reference and sample according to the parameters 

10 predefi.n.ed for evaluation are listed in Table 2. Mass signals present at identical 

intensities in the reference and the sample appear at a ratio of 1. Mass signals with 

higher intensity in the sample than in the reference (e.g. amino acid point 

mutations) appear with ratios larger than 1. The ratios were calculated by dividing 

the overall signal intensity in the given miz versus retention. time frame of the 

15 sample by the corresponding intensity in the reference. If the overall signal 

intensity in the given m/z versus retention time frame of the reference is zero (e.g. 

no background signal. due to active noise reduction during data acquisition.), the 

ratio is equal to the overall signal intensity of the sample in the corresponding 

frame. 

20 Table 2: 	Data for differential peaks. 

— 	... 

. 	. 	. 
::•:*„ . :,::. 

:.,.......,,... 	•::,::.::: . . . 
. : .... : ... ,.. . 	. 

,: 	...................................... .:..::::::,..!:::,.iE...::.,::%::,:,:.:.:.:::....:::.:.:.:: 
:ni. 	. 

.:::h::..:::.:.:.: 
1 947.913 947.933 39.6552  42.1552 429464 mutation 
2 948.414 948.434 39.6873 42.1873 312.837 mutation 

b) Identification of differences between reference and sample using MS/MS 

data 

For identification of the differences found. using the procedure as described in the 

25 previous paragraph first of all the isotope peak cluster was checked for being 

typical for peptides. Then, it was checked whether the respective rii/z signal was 

selected for generation of MS/MS fragmentation and whether i.t was identified by 

the Mascot error tolerant search.. (Mascot ETS). Each tentative amino acid sequence 

mutation (variant) identified by Mascot ETS was checked and confirmed: manually 

30 using the obtained MS/MS fragment ion spectra. 
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Alternatively, if MS/MS data have been recorded and Mascot ETS did not propose 

a sequence de novo sequencing was applied. either manually or by using software. 

c) Quantitation of identified sequence variants 

The identified mutant amino acid sequence (variant) was quantified at the level of 

5 the (cryptic) amino acid sequence fragment containing the mutation (variation) and. 

in relation to the original, non-mutated peptide within. the same sample (see Figure 

12 and Figure 13). Two extracted ion chromatograms (EIC) were generated. from 

the LC-MS data of the sample, one for the mutant peptide (variant) and one for the 

native peptide. The extracted ion chromatograms (EICs) include all charge states 

10 and all isotopic peaks of the respective peptide. The peaks generated by the 

respective EICs were integrated using the instrument software (XCalibur) and the 

areas calculated. hereby according to the formula as shown in. Example 1. 
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Patent Claims 

1. A method. for determining a polypeptide with a mutant amino acid. sequence, 

characterized in comprising the following steps: 

5 

a) providing at least two samples of the polypeptide, 

b) incubating the samples each with the same protease, 

e) 	analyzing the incubated samples by a two dimensional data analysis 

using a combination. of a reversed phase . liquid chromatography 

separation and a mass spectrometry analysis and/or MS/MS analysis, 

d) 	defining the data set obtained with one sample in step c) as reference 

10 sample and comparing the data sets obtained with the other samples in 

step c) with the data set of the reference sample, whereby every amino 

acid sequence difference determined is an amino acid sequence 

mutation of the polypeptide and thereby determining a polypeptid.e with 

a mutant amino acid sequence. 

15 2. The method according to claim 1, characterized in that every amino acid 

. sequence difference with a ratio of more than 3 of the intensity of the sample 

mass spectrum signal to the intensity of the reference mass spectrum signal is 

an amino acid sequence mutation. 

3. The method according to any one of the preceding claims, characterized in 

20 that the raiz frame width is 1.6 or more for pattern comparison. 

4. The method according to any one of the preceding claims further comprising 

a step: 

e) 	determining the identity and. position. of the amino acid. mutations in the 

amino acid sequence by MS/MS analysis. 

25 

5. The method according to any one of the preceding claims, characterized in 

that a further sample is provided which comprises the polypeptid.e spiked 

with the polypeptide with a known amino acid. sequence mutation. and th.e 

further sample is incubated and analyzed and compared in. addition to the 

30 provided samples. 

6. The method according to any one of the preceding claims, characterized in 

that the analyzing is performed at a pH value of less than pH 8.0 and at a 

temperature of less than 40 °C. 
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7.  The method according to any one of the preceding claims, characterized in 

that the samples are provided in a tris (hydroxymethyl) aminom.eth.ane buffer. 

8.  The method. according to any one of the preceding claims, characterized in 

that the incubating of the samples with a protease is a cleavage of the 

5 polypeptide by the protease in amino acid sequence fragments of from 3 to 

60 amino acid residues in length. 

9.  The method. according to any one of the preceding claims, characterized in 

that the comparing in step d) is performed with the data of one or some or all 

MS charge states. 

10 10.  The method according to any one of the preceding claims, characterized in 

that the polypeptide is an immunoglobulin, immunoglobulin fragment or 

immunoglobulin conjugate. 

1.1. Th.e method according to any one of the preceding claims, characterized in 

that the samples are incubated. for 16 hours to 18 hours with the protease and 

15 thereafter formic acid or trifluoro acetic acid are added. 

12.  The method according to any one of claims 1 to 10, characterized in that the 

samples are incubated for 4 hours wi.th the protease and thereafter formic acid 

or trifluoro acetic acid. are added.. 

13.  The method. according to any one of the preceding claims, characterized in 

20 that the comparing comprises overlaying of the mass spectrometric total ion. 

chromatogram (MS-T1C) of the reference sample and each of the other 

samples to be analyzed, 

whereby the intensity ratio of all overlapped. and aligned masses is calculated, 

whereby peaks with a ratio of more than 10 are evaluated for being an amino 

25 acid sequence mutation. 

14.  The method. according to any one of the preceding claims, characterized in 

that the comparing comprises in addition comparing the DNA translated. 

proteolytic fragment peptide pattern of the theoretical amino acid sequence 

and the total mass spectrometry ion chromatogram (MS-T1C) of the sample 

30 to be analyzed, and amino acid sequence mutations are identified by adding 

to or substracting from., respectively, each calculated theoretical mass of the 

theoretical amino acid sequence the mass differences resulting from a nucleic 
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acid mutation, deletion, or insertion in a base triplet (codon) with an amino 

acid change. 

15.  A method for producing a polypeptide comprising the following step: 

- 	selecting a cell producing a polypeptide, whereby the polypeptide 

5 comprises the smallest number of amino acid sequence mutations of all 

processed. 	samples 	or 	with 	respect 	to 	a 	reference 	sample 	or 

predetermined amino acid sequence determined with a method 

according to any one of claims 1 to 14. 

10 16.  A method. for producing an immunoglobulin comprising the steps of: 

15 

a) providing at least two cells comprising a nucleic acid. encoding the 

immunoglobulin, 

b) single depositing and cultivating the cells, 

c) performing a method according to any one of claims 1 to 14, 

d) selecting 	a 	cell 	producing 	an 	immunoglobulin, 	whereby 	the 

immunoglobulin comprises th.e smallest number of amino 	acid 

sequence mutations with respect to a reference sample, 

e) cultivating the cell, 

I) 	producing the polypeptid.e by recovering the polypeptid.e from the cell 

20 or the cultivation medium. 
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SEQUENCE LISTING 

<110> 	F. Hoffmann-La Roche AG 

<120> 	Method for the determination of sequence variants of poiypeptides 

<130> 	26601 WO 

<150> 	EP10001645.0 
<151> 	2010-02-18 

<160> 	10 

<170> 	Patentin version 3.5 

<210> 	1 
<211> 	117 
<212> 	PRT 
<213> 	Mus musculus 

<400> 	1 

Gin Val Gln Leu Lys Gln Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 
1 5 10 15 

Ser Leu ser Tle Thr Cys Thr Val Ser Gly Phe Pro Leu Gly Val Phe 
20 25 30 

Gly Val His Trp Val Arg Gin Ser Pro Gly Lys Gly Leu Giu Trp Leu 
35 40 45 

Gly Val Ile Trp Lys Gly Gly Asn Thr Asp Tyr Asn Ala Ala Phe Met 
50 55 60 

Ser Arg Leu Arg Ile Ser Lys Asp Asn Ser Lys Ser Gin Val Phe Phe 
65 70 75 80 

Arg Met Asn Ser Leu Gin Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala 
85 90 95 

Lys Val Asn Leu Ala Asp Ala Met Asp Tyr Trp Gly Gin Gly Thr ser 
100 105 110 

Val 	Ile Val 	Ser Ser 
115 

<210> 	2 
<211> 	108 
<212> 	PRT 
<213> 	Mus musculus 

<400> 	2 

Asp Ile Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Glu Thr Val Thr Ile Thr Cys Arg Ser Ser Gly Asn Ile His Gly Tyr 
20 25 30 

Page 1 
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Leu Ala Trp Phe Gin Gin Lys Gin Gly Lys Ser Pro Gln Leu Leu Val 
35 40 45 

Tyr Asn Thr Lys Ala Leu Ala Glu Gly val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys Ile Asn Asn Leu Gin Pro 
65 70 75 80 

Glu Asp Phe Gly Ile Tyr Tyr Cys Gin His His Tyr Asp Leu Pro Arg 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg 
100 105 

<210> 3 
<211> 117 
<212> PRT 
<213> Mus musculus 

<400> 3 

Gin Val Gln Leu Lys Gin Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr val Ser Gly Phe Pro Leu Gly Ile Phe 
20 25 30 

Gly Val His Trp Val Arg Gin Ser Pro Giy Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Val Ile Trp Lys Giy Gly Asn Thr Asp Tyr Asn Ala Ala Phe Met 
50 55 60 

Ser Arg Leu Arg Ile Thr Lys Asp Asn ser Lys Ser Gin Val Phe Phe 
65 70 75 80 

Arg Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala 
85 90 95 

Lys Val Asn Leu Ala Asp Ala Met Asp Tyr Trp Giy Gin Gly Thr Ser 

Val 	Ile val 

100 

Ser Ser 

105 110 

115 

<210> 4 
<211> 108 
<212> PRT 
<213> Mus musculus 

<400> 4 

Asp Ile Gin met Thr Gln Ser Pro Ala ser Leu Ser Ala Ser Val Gly 
Page 2 
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1 5 10 15 

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile His Gly Tyr 
20 25 30 

Leu Ala Trp Phe Gin Gin Lys Gin Gly Lys Ser Pro Gin Leu Leu Val 
35 40 45 

Tyr Asn Thr Lys Thr Leu Ala Glu Gly Val 	Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Asn Ser Leu Gin Pro 
65 70 75 80 

Glu Asp Phe Giy Asn Tyr Tyr Cys Gin HiS His Tyr Asp Leu Pro Arg 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg 
100 105 

<210> 	5 
<211> 	117 
<212> 	PRT 
<213> 	Mus musculus 

<400> 	5 

Gin val Gin Leu Lys Gin Ser Giy Pro Giy Leu Val Arg Pro ser Gin 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Pro Leu Gly Thr Phe 
20 25 30 

Gly Val His Trp Val Arg Gin Ser Pro Giy Lys Gly Leu Giu Trp Leu 
35 40 45 

Gly Val Ile Trp Arg Gly Gly Asn Thr Asp Tyr Asn Ala Ala Phe Met 
50 55 60 

Ser Arg Leu Arg Ile Thr Lys Asp Asn ser Lys Ser Gin Val Phe Phe 
65 70 75 80 

Arg Met Asn Ser Leu Gin Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala 
85 90 95 

Lys val Asn Leu Ala Asp Ala Met Asp Tyr Trp Gly Gin Gly Thr ser 
100 105 110 

val Ile Val Ser Ser 
115 

<210> 	6 
<211> 	108 
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<212> PRT 
<213> Mus musculus 

<400> 6 

Asp Ile Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Glu Thr val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile His Gly Tyr 
20 25 30 

Leu Ala Trp Phe Gin Gin Lys Gin Giy Lys Ser Pro Gln Leu Leu Val 
35 40 45 

Tyr Asn Thr Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys Ile Asn Ser Leu Gln Pro 
65 70 75 80 

Glu Asp Phe Giy Asn Tyr Tyr Cys Gin His His Tyr Asp Leu Pro Arg 
85 90 95 

Thr Phe Gly Giy Gly Thr Lys Leu Glu Ile Lys Arg 
100 105 

<210> 7 
<211> 330 
<212> PRT 
<213> Homo sapiens 

<400> 7 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
1 5 10 15 

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

Phe Pro Glu Pro Val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser 
35 40 45 

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

Leu Ser Ser Val val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 
65 70 75 80 

Tyr Ile Cys Asn Val Asn HiS Lys Pro Ser Asn Thr Lys Val Asp Lys 
85 90 95 

Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 
100 105 110 
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Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val 	Phe Leu Phe Pro Pro 

115 120 125 

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

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

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

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

His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn 
195 200 205 

Lys Ala Leu Pro Ala Pro Ile Glu LyS Thr Ile Ser Lys Ala Lys Gly 
210 215 220 

Gin Pro Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser Arg Asp Giu 
225 	 230 235 240 

Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Giy Phe Tyr 
245 250 255 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 
260 265 270 

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

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 
290 295 300 

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

Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
325 330 

<210> 	8 
<211> 	327 
<212> 	PRT 
<213> 	Homo sapiens 

<400> 	8 

Ala Ser Thr Lys Gly Pro Ser Vai Phe Pro Leu Ala Pro Cys Ser Arg 
1 	 5 10 15 

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

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

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

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

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys val Asp Lys 
85 90 95 

Arg val Giu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro 
100 105 110 

Glu Phe Leu Gly Gly Pro Ser Val Phe LeU Phe Pro Pro Lys Pro Lys 
115 120 125 

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

Asp Val Ser Gln Giu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp 
145 150 155 160 

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gin Phe 
165 170 175 

Asn Ser Thr Tyr Arg Val Val Ser val Leu Thr val Leu His Gin Asp 
180 185 190 

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

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

Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Giu Met Thr Lys 
225 230 235 240 

Asn Gin val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp 
245 250 255 

Ile Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr LyS 
260 265 270 

Thr Thr Pro Pro val Leu Asp ser Asp Gly Ser Phe Phe Leu Tyr Ser 
275 280 285 

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

Cys Ser Val Met His Glu Ala Leu HiS Asn His Tyr Thr Gln Lys Ser 
305 310 315 320 

Leu Ser Leu Ser Leu Gly Lys 
325 

<210> 	9 
<211> 	107 
<212> 	PRT 
<213> 	Homo sapiens 

<400> 	9 

Arg Thr val Ala Ala Pro Ser Val 	Phe Ile Phe Pro Pro Ser Asp Glu 
1 	 5 10 15 

Gin Leu Lys Ser Giy Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe 
20 25 30 

Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin 
35 40 45 

Ser Giy Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser 
50 55 60 

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 
65 70 75 80 

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Giy Leu Ser Ser 
85 90 95 

Pro Val Thr Lys Ser Phe Asn Arg Giy Glu Cys 
100 105 

<210> 	10 
<211> 	105 
<212> 	PRT 
<213> 	Human 

<400> 	10 

Gin Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser Glu 
1 	 5 10 15 

Glu Leu Gin Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp Phe 
20 25 30 

Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser Ser Pro Val 
35 40 45 

Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys 
50 55 60 
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Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys Ser 
65 70 75 80 

His Arg Ser Tyr Ser Cys Gin Val Thr His Glu Gly Ser Thr Val Glu 
85 90 95 

Lys Thr Val Ala Pro Thr Glu Cys Ser 
100 105 


