
Degradation Profiling of a Monoclonal Antibody 
Using Multiple Fragmentation Techniques and a 
Novel Peptide Mapping Software
Jie Qian and Mark Sanders, Thermo Fisher Scientific, Somerset, NJ



2 Degradation Profiling of a Monoclonal Antibody Using Multiple Fragmentation Techniques and a Novel Peptide Mapping Software

match as shown in Figure 3,4,5. Figure 3 presented both predicted and Fusion ion trap 
acquired ETD spectrum of T293-R305 (N301+A2G1F) from the heavy chain. The two 
spectra of the glycopeptide are well aligned for both fragment ion masses and relative 
intensities. Following are Figure 4 and 5, which show pairs of spectra (predicted 
versus experimental) from a deamidated peptide (ETD) and a oxidized peptide (HCD), 
respectively. Correlations between both m/z and their relative intensities provide high 
confidence identification for these modified peptides. Additionally, complementary 
fragmentation techniques help deliver unambiguous and comprehensive 
characterization, especially localization of labile modifications such as glycosylation. 
The relative quantitation of the modifications were based on the peak areas of 
modified and unmodified forms of the peptide as the equation below. The  abundance 
as shown in Table 1 represents relative area % of the modifications.  
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Conclusion 
Results from this study show that mAb degradation can be comprehensively 
characterized using the high resolution/accurate mass spectrometer with 
complementary fragmentation techniques (HCD, ETD) and PepFinder software as the 
new generation peptide mapping software. 
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Overview 
Purpose: The goal of these analyses is to develop an effective workflow for 
degradation profiling of a monoclonal antibodies utilizing the sensitive liquid 
chromatography-mass spectrometry technique in combination with a software tool for 
automatic identification and relative quantification of protein modifications. 

Methods: Enzymatically digested monoclonal antibody was analyzed by liquid 
chromatography and mass spectrometry with complementary fragmentation 
techniques. The HCD and ETD data were interpreted by Thermo ScientificTM 
PepFinderTM Software1. 

Results: Chemical degradation of amino acids was profiled. Both expected and 
unexpected modifications were identified. 

Introduction 
Monoclonal antibodies (mAbs) are the fastest growing classes of therapeutic agents. 
Like other proteins, mAbs are subject to various degradation pathways. MAb 
degradation can occur during manufacturing process and upon storage in liquid, 
frozen, or solid state at different pH and temperature conditions. These degradations 
are heavily characterized in the biopharmaceutical industry throughout the 
development, manufacturing and storage stages. The characterization of chemical 
degradation includes amino acid verification, N-terminal and C-terminal processing, 
deamidation, oxidation, etc.  Recent development and optimization of mass 
spectrometry with multiple fragmentation techniques is expected to significantly 
improve efficiency and sensitivity of the conventional characterization methods. 
Furthermore, the use of a novel peptide mapping software yields detailed and ultimate 
qualitative insight into mAb degradation profiling.  

Methods  
Sample Preparation 

Commercially available monoclonal antibody rituximab was purchased and used in all 
experiments. Rituximab was supplied at a concentration of 10 mg/mL, formulated in 9.0 
mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 
80,and water. For degradation profiling of the mAb, different conditions for stressing 
rituximab include pH extremes (pH 10), oxygen (exposure to hydrogen peroxide), light 
(exposure to natural day light) and temperature (40 oC).  

For pH extremes, buffer pH 10 was made by 5% NH4OH. To stress the mAb protein, 5 
µL rituximab was mixed with 45 µL buffer and stored in dark at 40 oC.  

For oxidative stress, 5 µL rituximab was mixed with 45 µL 5% H2O2 and stored at room 
temperature for 45 minutes prior to digestion. 

For light stress, 20 µL protein was stored in an Eppendorf tube and exposed to natural 
day light for two days. 

For additional temperature stress conditions, 20 µL stock was stored at 40 oC in dark 
for 48 hours (annotated as “native, 40 oC”). 

All mAbs were mixed with 1:1 ratio (v:v) to 2,2,2-Trifluoroethanol (Sigma, St. Louis, 
Missouri) and reduced in 200 mM dithiothreitol for 20 min at 90 oC in dark. The reduced 
proteins were then alkylated with 100mM iodoacetamide (Sigma, St. Louis, Missouri) in 
the dark for 1 hour. The proteins were diluted by 1:10 10 mM ammonium bicarbonate 
and incubated with 1:20 trypsin to protein (w:w) for 6 hours. Digestion was quenched 
by acidifying the sample to pH 3 using formic acid.  

Liquid Chromatography  

An approximate 2.5 µg digest was loaded per injection. Peptides were separated by 
reverse phase liquid chromatography using an Accucore C18 column (100 x 2.1 mm, 
2.6 µm particle size, Thermo Fisher Scientific). For all experiments, the solvents used 
were water with 0.1 % FA (A) and acetonitrile with 0.1% FA (B). Gradient was 
performed at 300 µL/min, 5-35 % in 50 minutes. 

Mass Spectrometry 

Peptides, eluted from reverse phase liquid chromatography, were directly analyzed 
using a Thermo ScientificTM Orbitrap FusionTM TribridTM Mas Spectrometer.. Full MS 
was acquired at 120,000 resolution with mass range of m/z 350-2,000 followed by data 
dependent MS/MS spectra . Tandem spectra acquired include alternating HCD and 
ETD spectra. HCD 

spectra were collected with precursor ions with charge states from +2 to +8. ETD 
spectra were only collected with precursor ions with charge states from +3 to+8. 
Thermo Scientific™ IonMax™ source with the heated electrospray ionization (HESI) 
was utilized with source parameters as sheath gas at 40, aux gas at 10, sweep gas at 
1, vaporizer temperature at 350 oC, ion transferring tube temperature at 275 oC and 
spray voltage at 3,500 v. The digests were analyzed using electron transfer 
dissociation (ETD) and high energy collision dissociation (HCD) fragmentation. 

Data Analysis 

The LC-MS data were processed using PepFinder software1.0. The MS spectra were 
analyzed with this novel peptide mapping software for sequence coverage information 
and identification of modifications. The software looked for both expected and 
unexpected modifications. The peptide identification settings include absolute MS 
signal threshold at 2e4, maximum peptide mass at 10,000, N-glycosylation search 
within CHO N-glycan, maximum numbers of modification/peptide at 1, mass changes 
for unspecified modifications at -58 to 162.  

Results  
Protein Sequence Coverage 

Rituximab is an IgG1 class chimeric monoclonal antibody, consisting of two light 
chains with 213 amino acids and two heavy chains 2. The antibody is glycosylated at 
residue Asn301 of each heavy chain. Its attached glycans diverse in composition and 
length. The variety and relative abundance of the glycoform is essential as part of the 
antibody characterization. Additionally, mAbs are particularly sensitive to 
environmental factors such as temperature changes, oxidation, light, ionic content, and 
shear. Thus, besides complete protein sequence coverage, comprehensive 
characterizations, which accurately detect these degradation changes during storage, 
are in great need.  

In this study, LC-MS data was acquired and then interpreted by PepFinder software 
1.0. As shown in Figure 1, 100 % sequence coverage was achieved for light chain 
from day light stressed rituximab. Both full MS precursor mass and MS/MS spectra 
were utilized for matching of the sequence. Color coded blocks beneath amino acid 
sequences shows the signal intensity of each peptide. The numbers included in the 
color coded block represent the retention time for each peptide. In the same analysis, 
100 % sequence coverage was also obtained for heavy chain from the day light 
stressed rituximab as shown in Figure 2. A complete protein coverage serves as a 
foundation for surveying degradation of the whole protein.  

Protein Modifications 

A list of modification sites of mAb were identified with high confidence MS/MS spectra 
match and listed in Table 1. To determine the modification sites, each residue on the 
peptide is theoretically modified, the MS/MS spectrum is predicted, and compared to 
the experimental spectrum as shown in Figure 3,4,5.  

 
FIGURE 1. Light chain sequence coverage of light stressed rituximab. Color 
code is for the signal intensity of each peptide. Numbers under the sequences 
represent retention time of the peptides. 

 

FIGURE 4. Predicted and experimental ETD spectra of V327-K338 (N329+Deamidation) 
from heavy chain.  

TABLE 2. Comparison of oxidation level of methionines from heavy chain 
between oxidative stressed sample and the control. ND denotes not detected. 

TABLE 1. Modification summary for the residues in heavy chain from light stressed 
rituximab. All sequence were confirmed by tandem spectra. An ~ sign is labeled in 
front of the modification site to indicate the approximate location of the 
modification. 

FIGURE 3. Predicted and experimental ETD spectra of T293-R305 (N301+A2G1F) 
from heavy chain. Top spectrum is the PepFinder predicted spectrum; bottom 
spectrum is Fusion acquired ETD spectrum. 

 

FIGURE 2. Heavy chain sequence coverage of light stressed rituximab.  

 

Modification on Heavy Chain Abundance 
 

~Q1+NH3 loss 100.00% 
~N55+Deamidation 9.22% 

~N55+NH3 loss 5.05% 
M256+Oxidation 6.36% 
~C265+57.0220 71.78% 
~D284+H2O loss 13.45% 

N301+A2G0F 46.54% 
N301+A2G1F 54.60% 
N301+A2G2F 9.32% 

~W317+37.9417 2.66% 
N319+Deamidation 5.37% 
~N319+NH3 loss 4.33% 
~K321+37.9419 4.59% 

N329+Deamidation 2.67% 
K330+Glycation 1.73% 
~A331+70.0422 6.77% 
~I340+70.0424 26.36% 
~L372+57.0249 96.32% 
~S387+37.9458 10.70% 

~N388+Deamidation 1.34% 
~N388+NH3 loss 5.27% 
~S407+H2O loss 2.33% 
~H437+57.0342 89.37% 

Area of modified peptide 
Relative area % 
of modification 

X 100 
Area sum of all related peptides 

(native + all modified forms) 

= 

FIGURE 5. Predicted and experimental HCD spectra of D253-R259 
(M256+Oxidation) from heavy chain. 

Predicted  

Experimental 

Predicted  

Experimental 

Experimental 

Predicted  

Oxidative stress Abundance  Control Abundance  
~M20+Oxidation 100.00% ~M20+Oxidation ND 
M34+Oxidation 72.82% M34+Oxidation ND 

M256+Oxidation 100.00% M256+Oxidation 1.89% 

FIGURE 6. Deamidated and succinimide asparagine profiling for native 40 oC, 
PH10 40 oC, light stress samples versus control. Column charts 6a-6h show 
abundance levels of deamidated and succimide asparagine of N55, N319, N329 
and N388 respectively. 

Artificial modifications happen during sample preparation prior to LC-MS analysis. 
Unstressed sample is thus included as a control. The control is rituximab stored at 4 
oC  without any stress treatment. It was digested following the same protocol as 
stressed samples. Modifications levels on the stressed samples are compared to the 
control. As shown in TABLE 2, oxidation levels were increased from less than 2 % to 
72-100 % after treatment with H2O2. Figure 6 also shows the variation of 
deamidation and succinimide intermediate levels among the stressed samples. For 
example, asparagine (N) 55 was increased to over 70 % abundance at pH 10 
compared to other samples at around 10 %. Whereas Succinimide levels of N329  
remained below 6 % for all the samples. 
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match as shown in Figure 3,4,5. Figure 3 presented both predicted and Fusion ion trap 
acquired ETD spectrum of T293-R305 (N301+A2G1F) from the heavy chain. The two 
spectra of the glycopeptide are well aligned for both fragment ion masses and relative 
intensities. Following are Figure 4 and 5, which show pairs of spectra (predicted 
versus experimental) from a deamidated peptide (ETD) and a oxidized peptide (HCD), 
respectively. Correlations between both m/z and their relative intensities provide high 
confidence identification for these modified peptides. Additionally, complementary 
fragmentation techniques help deliver unambiguous and comprehensive 
characterization, especially localization of labile modifications such as glycosylation. 
The relative quantitation of the modifications were based on the peak areas of 
modified and unmodified forms of the peptide as the equation below. The  abundance 
as shown in Table 1 represents relative area % of the modifications.  

 

 

 

 

 

 

 

 

 

Degradation Profiling of a Monoclonal Antibody Using Multiple Fragmentation Techniques and a Novel Peptide Mapping Software 
Jie Qian, Mark Sanders 
Thermo Fisher Scientific, Somerset, New Jersey 

Conclusion 
Results from this study show that mAb degradation can be comprehensively 
characterized using the high resolution/accurate mass spectrometer with 
complementary fragmentation techniques (HCD, ETD) and PepFinder software as the 
new generation peptide mapping software. 

References 
1. Zhongqi Zhang. Large-Scale Identification and Quantification of Covalent 

Modifications in Therapeutic Proteins. Anal. Chem. 2009, 81, 8354-8364. 

2. Martin Samonig, Christian Huber, Kai Scheffler. LC/MS Analysis of the 
Monoclonal Antibody Rituximab Using the Q Exactive Benchtop Orbitrap Mass 
Spectrometer. Thermo Fisher Scientific Application note 591.  

Overview 
Purpose: The goal of these analyses is to develop an effective workflow for 
degradation profiling of a monoclonal antibodies utilizing the sensitive liquid 
chromatography-mass spectrometry technique in combination with a software tool for 
automatic identification and relative quantification of protein modifications. 

Methods: Enzymatically digested monoclonal antibody was analyzed by liquid 
chromatography and mass spectrometry with complementary fragmentation 
techniques. The HCD and ETD data were interpreted by Thermo ScientificTM 
PepFinderTM Software1. 

Results: Chemical degradation of amino acids was profiled. Both expected and 
unexpected modifications were identified. 

Introduction 
Monoclonal antibodies (mAbs) are the fastest growing classes of therapeutic agents. 
Like other proteins, mAbs are subject to various degradation pathways. MAb 
degradation can occur during manufacturing process and upon storage in liquid, 
frozen, or solid state at different pH and temperature conditions. These degradations 
are heavily characterized in the biopharmaceutical industry throughout the 
development, manufacturing and storage stages. The characterization of chemical 
degradation includes amino acid verification, N-terminal and C-terminal processing, 
deamidation, oxidation, etc.  Recent development and optimization of mass 
spectrometry with multiple fragmentation techniques is expected to significantly 
improve efficiency and sensitivity of the conventional characterization methods. 
Furthermore, the use of a novel peptide mapping software yields detailed and ultimate 
qualitative insight into mAb degradation profiling.  

Methods  
Sample Preparation 

Commercially available monoclonal antibody rituximab was purchased and used in all 
experiments. Rituximab was supplied at a concentration of 10 mg/mL, formulated in 9.0 
mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 
80,and water. For degradation profiling of the mAb, different conditions for stressing 
rituximab include pH extremes (pH 10), oxygen (exposure to hydrogen peroxide), light 
(exposure to natural day light) and temperature (40 oC).  

For pH extremes, buffer pH 10 was made by 5% NH4OH. To stress the mAb protein, 5 
µL rituximab was mixed with 45 µL buffer and stored in dark at 40 oC.  

For oxidative stress, 5 µL rituximab was mixed with 45 µL 5% H2O2 and stored at room 
temperature for 45 minutes prior to digestion. 

For light stress, 20 µL protein was stored in an Eppendorf tube and exposed to natural 
day light for two days. 

For additional temperature stress conditions, 20 µL stock was stored at 40 oC in dark 
for 48 hours (annotated as “native, 40 oC”). 

All mAbs were mixed with 1:1 ratio (v:v) to 2,2,2-Trifluoroethanol (Sigma, St. Louis, 
Missouri) and reduced in 200 mM dithiothreitol for 20 min at 90 oC in dark. The reduced 
proteins were then alkylated with 100mM iodoacetamide (Sigma, St. Louis, Missouri) in 
the dark for 1 hour. The proteins were diluted by 1:10 10 mM ammonium bicarbonate 
and incubated with 1:20 trypsin to protein (w:w) for 6 hours. Digestion was quenched 
by acidifying the sample to pH 3 using formic acid.  

Liquid Chromatography  

An approximate 2.5 µg digest was loaded per injection. Peptides were separated by 
reverse phase liquid chromatography using an Accucore C18 column (100 x 2.1 mm, 
2.6 µm particle size, Thermo Fisher Scientific). For all experiments, the solvents used 
were water with 0.1 % FA (A) and acetonitrile with 0.1% FA (B). Gradient was 
performed at 300 µL/min, 5-35 % in 50 minutes. 

Mass Spectrometry 

Peptides, eluted from reverse phase liquid chromatography, were directly analyzed 
using a Thermo ScientificTM Orbitrap FusionTM TribridTM Mas Spectrometer.. Full MS 
was acquired at 120,000 resolution with mass range of m/z 350-2,000 followed by data 
dependent MS/MS spectra . Tandem spectra acquired include alternating HCD and 
ETD spectra. HCD 

spectra were collected with precursor ions with charge states from +2 to +8. ETD 
spectra were only collected with precursor ions with charge states from +3 to+8. 
Thermo Scientific™ IonMax™ source with the heated electrospray ionization (HESI) 
was utilized with source parameters as sheath gas at 40, aux gas at 10, sweep gas at 
1, vaporizer temperature at 350 oC, ion transferring tube temperature at 275 oC and 
spray voltage at 3,500 v. The digests were analyzed using electron transfer 
dissociation (ETD) and high energy collision dissociation (HCD) fragmentation. 

Data Analysis 

The LC-MS data were processed using PepFinder software1.0. The MS spectra were 
analyzed with this novel peptide mapping software for sequence coverage information 
and identification of modifications. The software looked for both expected and 
unexpected modifications. The peptide identification settings include absolute MS 
signal threshold at 2e4, maximum peptide mass at 10,000, N-glycosylation search 
within CHO N-glycan, maximum numbers of modification/peptide at 1, mass changes 
for unspecified modifications at -58 to 162.  

Results  
Protein Sequence Coverage 

Rituximab is an IgG1 class chimeric monoclonal antibody, consisting of two light 
chains with 213 amino acids and two heavy chains 2. The antibody is glycosylated at 
residue Asn301 of each heavy chain. Its attached glycans diverse in composition and 
length. The variety and relative abundance of the glycoform is essential as part of the 
antibody characterization. Additionally, mAbs are particularly sensitive to 
environmental factors such as temperature changes, oxidation, light, ionic content, and 
shear. Thus, besides complete protein sequence coverage, comprehensive 
characterizations, which accurately detect these degradation changes during storage, 
are in great need.  

In this study, LC-MS data was acquired and then interpreted by PepFinder software 
1.0. As shown in Figure 1, 100 % sequence coverage was achieved for light chain 
from day light stressed rituximab. Both full MS precursor mass and MS/MS spectra 
were utilized for matching of the sequence. Color coded blocks beneath amino acid 
sequences shows the signal intensity of each peptide. The numbers included in the 
color coded block represent the retention time for each peptide. In the same analysis, 
100 % sequence coverage was also obtained for heavy chain from the day light 
stressed rituximab as shown in Figure 2. A complete protein coverage serves as a 
foundation for surveying degradation of the whole protein.  

Protein Modifications 

A list of modification sites of mAb were identified with high confidence MS/MS spectra 
match and listed in Table 1. To determine the modification sites, each residue on the 
peptide is theoretically modified, the MS/MS spectrum is predicted, and compared to 
the experimental spectrum as shown in Figure 3,4,5.  

 
FIGURE 1. Light chain sequence coverage of light stressed rituximab. Color 
code is for the signal intensity of each peptide. Numbers under the sequences 
represent retention time of the peptides. 

 

FIGURE 4. Predicted and experimental ETD spectra of V327-K338 (N329+Deamidation) 
from heavy chain.  

TABLE 2. Comparison of oxidation level of methionines from heavy chain 
between oxidative stressed sample and the control. ND denotes not detected. 

TABLE 1. Modification summary for the residues in heavy chain from light stressed 
rituximab. All sequence were confirmed by tandem spectra. An ~ sign is labeled in 
front of the modification site to indicate the approximate location of the 
modification. 

FIGURE 3. Predicted and experimental ETD spectra of T293-R305 (N301+A2G1F) 
from heavy chain. Top spectrum is the PepFinder predicted spectrum; bottom 
spectrum is Fusion acquired ETD spectrum. 

 

FIGURE 2. Heavy chain sequence coverage of light stressed rituximab.  

 

Modification on Heavy Chain Abundance 
 

~Q1+NH3 loss 100.00% 
~N55+Deamidation 9.22% 

~N55+NH3 loss 5.05% 
M256+Oxidation 6.36% 
~C265+57.0220 71.78% 
~D284+H2O loss 13.45% 

N301+A2G0F 46.54% 
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= 

FIGURE 5. Predicted and experimental HCD spectra of D253-R259 
(M256+Oxidation) from heavy chain. 

Predicted  

Experimental 

Predicted  

Experimental 

Experimental 

Predicted  

Oxidative stress Abundance  Control Abundance  
~M20+Oxidation 100.00% ~M20+Oxidation ND 
M34+Oxidation 72.82% M34+Oxidation ND 

M256+Oxidation 100.00% M256+Oxidation 1.89% 

FIGURE 6. Deamidated and succinimide asparagine profiling for native 40 oC, 
PH10 40 oC, light stress samples versus control. Column charts 6a-6h show 
abundance levels of deamidated and succimide asparagine of N55, N319, N329 
and N388 respectively. 

Artificial modifications happen during sample preparation prior to LC-MS analysis. 
Unstressed sample is thus included as a control. The control is rituximab stored at 4 
oC  without any stress treatment. It was digested following the same protocol as 
stressed samples. Modifications levels on the stressed samples are compared to the 
control. As shown in TABLE 2, oxidation levels were increased from less than 2 % to 
72-100 % after treatment with H2O2. Figure 6 also shows the variation of 
deamidation and succinimide intermediate levels among the stressed samples. For 
example, asparagine (N) 55 was increased to over 70 % abundance at pH 10 
compared to other samples at around 10 %. Whereas Succinimide levels of N329  
remained below 6 % for all the samples. 
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match as shown in Figure 3,4,5. Figure 3 presented both predicted and Fusion ion trap 
acquired ETD spectrum of T293-R305 (N301+A2G1F) from the heavy chain. The two 
spectra of the glycopeptide are well aligned for both fragment ion masses and relative 
intensities. Following are Figure 4 and 5, which show pairs of spectra (predicted 
versus experimental) from a deamidated peptide (ETD) and a oxidized peptide (HCD), 
respectively. Correlations between both m/z and their relative intensities provide high 
confidence identification for these modified peptides. Additionally, complementary 
fragmentation techniques help deliver unambiguous and comprehensive 
characterization, especially localization of labile modifications such as glycosylation. 
The relative quantitation of the modifications were based on the peak areas of 
modified and unmodified forms of the peptide as the equation below. The  abundance 
as shown in Table 1 represents relative area % of the modifications.  
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degradation includes amino acid verification, N-terminal and C-terminal processing, 
deamidation, oxidation, etc.  Recent development and optimization of mass 
spectrometry with multiple fragmentation techniques is expected to significantly 
improve efficiency and sensitivity of the conventional characterization methods. 
Furthermore, the use of a novel peptide mapping software yields detailed and ultimate 
qualitative insight into mAb degradation profiling.  

Methods  
Sample Preparation 

Commercially available monoclonal antibody rituximab was purchased and used in all 
experiments. Rituximab was supplied at a concentration of 10 mg/mL, formulated in 9.0 
mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 
80,and water. For degradation profiling of the mAb, different conditions for stressing 
rituximab include pH extremes (pH 10), oxygen (exposure to hydrogen peroxide), light 
(exposure to natural day light) and temperature (40 oC).  

For pH extremes, buffer pH 10 was made by 5% NH4OH. To stress the mAb protein, 5 
µL rituximab was mixed with 45 µL buffer and stored in dark at 40 oC.  

For oxidative stress, 5 µL rituximab was mixed with 45 µL 5% H2O2 and stored at room 
temperature for 45 minutes prior to digestion. 

For light stress, 20 µL protein was stored in an Eppendorf tube and exposed to natural 
day light for two days. 

For additional temperature stress conditions, 20 µL stock was stored at 40 oC in dark 
for 48 hours (annotated as “native, 40 oC”). 

All mAbs were mixed with 1:1 ratio (v:v) to 2,2,2-Trifluoroethanol (Sigma, St. Louis, 
Missouri) and reduced in 200 mM dithiothreitol for 20 min at 90 oC in dark. The reduced 
proteins were then alkylated with 100mM iodoacetamide (Sigma, St. Louis, Missouri) in 
the dark for 1 hour. The proteins were diluted by 1:10 10 mM ammonium bicarbonate 
and incubated with 1:20 trypsin to protein (w:w) for 6 hours. Digestion was quenched 
by acidifying the sample to pH 3 using formic acid.  

Liquid Chromatography  

An approximate 2.5 µg digest was loaded per injection. Peptides were separated by 
reverse phase liquid chromatography using an Accucore C18 column (100 x 2.1 mm, 
2.6 µm particle size, Thermo Fisher Scientific). For all experiments, the solvents used 
were water with 0.1 % FA (A) and acetonitrile with 0.1% FA (B). Gradient was 
performed at 300 µL/min, 5-35 % in 50 minutes. 

Mass Spectrometry 

Peptides, eluted from reverse phase liquid chromatography, were directly analyzed 
using a Thermo ScientificTM Orbitrap FusionTM TribridTM Mas Spectrometer.. Full MS 
was acquired at 120,000 resolution with mass range of m/z 350-2,000 followed by data 
dependent MS/MS spectra . Tandem spectra acquired include alternating HCD and 
ETD spectra. HCD 

spectra were collected with precursor ions with charge states from +2 to +8. ETD 
spectra were only collected with precursor ions with charge states from +3 to+8. 
Thermo Scientific™ IonMax™ source with the heated electrospray ionization (HESI) 
was utilized with source parameters as sheath gas at 40, aux gas at 10, sweep gas at 
1, vaporizer temperature at 350 oC, ion transferring tube temperature at 275 oC and 
spray voltage at 3,500 v. The digests were analyzed using electron transfer 
dissociation (ETD) and high energy collision dissociation (HCD) fragmentation. 

Data Analysis 

The LC-MS data were processed using PepFinder software1.0. The MS spectra were 
analyzed with this novel peptide mapping software for sequence coverage information 
and identification of modifications. The software looked for both expected and 
unexpected modifications. The peptide identification settings include absolute MS 
signal threshold at 2e4, maximum peptide mass at 10,000, N-glycosylation search 
within CHO N-glycan, maximum numbers of modification/peptide at 1, mass changes 
for unspecified modifications at -58 to 162.  

Results  
Protein Sequence Coverage 

Rituximab is an IgG1 class chimeric monoclonal antibody, consisting of two light 
chains with 213 amino acids and two heavy chains 2. The antibody is glycosylated at 
residue Asn301 of each heavy chain. Its attached glycans diverse in composition and 
length. The variety and relative abundance of the glycoform is essential as part of the 
antibody characterization. Additionally, mAbs are particularly sensitive to 
environmental factors such as temperature changes, oxidation, light, ionic content, and 
shear. Thus, besides complete protein sequence coverage, comprehensive 
characterizations, which accurately detect these degradation changes during storage, 
are in great need.  

In this study, LC-MS data was acquired and then interpreted by PepFinder software 
1.0. As shown in Figure 1, 100 % sequence coverage was achieved for light chain 
from day light stressed rituximab. Both full MS precursor mass and MS/MS spectra 
were utilized for matching of the sequence. Color coded blocks beneath amino acid 
sequences shows the signal intensity of each peptide. The numbers included in the 
color coded block represent the retention time for each peptide. In the same analysis, 
100 % sequence coverage was also obtained for heavy chain from the day light 
stressed rituximab as shown in Figure 2. A complete protein coverage serves as a 
foundation for surveying degradation of the whole protein.  

Protein Modifications 

A list of modification sites of mAb were identified with high confidence MS/MS spectra 
match and listed in Table 1. To determine the modification sites, each residue on the 
peptide is theoretically modified, the MS/MS spectrum is predicted, and compared to 
the experimental spectrum as shown in Figure 3,4,5.  

 
FIGURE 1. Light chain sequence coverage of light stressed rituximab. Color 
code is for the signal intensity of each peptide. Numbers under the sequences 
represent retention time of the peptides. 

 

FIGURE 4. Predicted and experimental ETD spectra of V327-K338 (N329+Deamidation) 
from heavy chain.  

TABLE 2. Comparison of oxidation level of methionines from heavy chain 
between oxidative stressed sample and the control. ND denotes not detected. 

TABLE 1. Modification summary for the residues in heavy chain from light stressed 
rituximab. All sequence were confirmed by tandem spectra. An ~ sign is labeled in 
front of the modification site to indicate the approximate location of the 
modification. 

FIGURE 3. Predicted and experimental ETD spectra of T293-R305 (N301+A2G1F) 
from heavy chain. Top spectrum is the PepFinder predicted spectrum; bottom 
spectrum is Fusion acquired ETD spectrum. 

 

FIGURE 2. Heavy chain sequence coverage of light stressed rituximab.  

 

Modification on Heavy Chain Abundance 
 

~Q1+NH3 loss 100.00% 
~N55+Deamidation 9.22% 

~N55+NH3 loss 5.05% 
M256+Oxidation 6.36% 
~C265+57.0220 71.78% 
~D284+H2O loss 13.45% 

N301+A2G0F 46.54% 
N301+A2G1F 54.60% 
N301+A2G2F 9.32% 

~W317+37.9417 2.66% 
N319+Deamidation 5.37% 
~N319+NH3 loss 4.33% 
~K321+37.9419 4.59% 

N329+Deamidation 2.67% 
K330+Glycation 1.73% 
~A331+70.0422 6.77% 
~I340+70.0424 26.36% 
~L372+57.0249 96.32% 
~S387+37.9458 10.70% 

~N388+Deamidation 1.34% 
~N388+NH3 loss 5.27% 
~S407+H2O loss 2.33% 
~H437+57.0342 89.37% 

Area of modified peptide 
Relative area % 
of modification 

X 100 
Area sum of all related peptides 

(native + all modified forms) 

= 

FIGURE 5. Predicted and experimental HCD spectra of D253-R259 
(M256+Oxidation) from heavy chain. 

Predicted  

Experimental 

Predicted  

Experimental 

Experimental 

Predicted  

Oxidative stress Abundance  Control Abundance  
~M20+Oxidation 100.00% ~M20+Oxidation ND 
M34+Oxidation 72.82% M34+Oxidation ND 

M256+Oxidation 100.00% M256+Oxidation 1.89% 

FIGURE 6. Deamidated and succinimide asparagine profiling for native 40 oC, 
PH10 40 oC, light stress samples versus control. Column charts 6a-6h show 
abundance levels of deamidated and succimide asparagine of N55, N319, N329 
and N388 respectively. 

Artificial modifications happen during sample preparation prior to LC-MS analysis. 
Unstressed sample is thus included as a control. The control is rituximab stored at 4 
oC  without any stress treatment. It was digested following the same protocol as 
stressed samples. Modifications levels on the stressed samples are compared to the 
control. As shown in TABLE 2, oxidation levels were increased from less than 2 % to 
72-100 % after treatment with H2O2. Figure 6 also shows the variation of 
deamidation and succinimide intermediate levels among the stressed samples. For 
example, asparagine (N) 55 was increased to over 70 % abundance at pH 10 
compared to other samples at around 10 %. Whereas Succinimide levels of N329  
remained below 6 % for all the samples. 
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match as shown in Figure 3,4,5. Figure 3 presented both predicted and Fusion ion trap 
acquired ETD spectrum of T293-R305 (N301+A2G1F) from the heavy chain. The two 
spectra of the glycopeptide are well aligned for both fragment ion masses and relative 
intensities. Following are Figure 4 and 5, which show pairs of spectra (predicted 
versus experimental) from a deamidated peptide (ETD) and a oxidized peptide (HCD), 
respectively. Correlations between both m/z and their relative intensities provide high 
confidence identification for these modified peptides. Additionally, complementary 
fragmentation techniques help deliver unambiguous and comprehensive 
characterization, especially localization of labile modifications such as glycosylation. 
The relative quantitation of the modifications were based on the peak areas of 
modified and unmodified forms of the peptide as the equation below. The  abundance 
as shown in Table 1 represents relative area % of the modifications.  
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Conclusion 
Results from this study show that mAb degradation can be comprehensively 
characterized using the high resolution/accurate mass spectrometer with 
complementary fragmentation techniques (HCD, ETD) and PepFinder software as the 
new generation peptide mapping software. 
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Overview 
Purpose: The goal of these analyses is to develop an effective workflow for 
degradation profiling of a monoclonal antibodies utilizing the sensitive liquid 
chromatography-mass spectrometry technique in combination with a software tool for 
automatic identification and relative quantification of protein modifications. 

Methods: Enzymatically digested monoclonal antibody was analyzed by liquid 
chromatography and mass spectrometry with complementary fragmentation 
techniques. The HCD and ETD data were interpreted by Thermo ScientificTM 
PepFinderTM Software1. 

Results: Chemical degradation of amino acids was profiled. Both expected and 
unexpected modifications were identified. 

Introduction 
Monoclonal antibodies (mAbs) are the fastest growing classes of therapeutic agents. 
Like other proteins, mAbs are subject to various degradation pathways. MAb 
degradation can occur during manufacturing process and upon storage in liquid, 
frozen, or solid state at different pH and temperature conditions. These degradations 
are heavily characterized in the biopharmaceutical industry throughout the 
development, manufacturing and storage stages. The characterization of chemical 
degradation includes amino acid verification, N-terminal and C-terminal processing, 
deamidation, oxidation, etc.  Recent development and optimization of mass 
spectrometry with multiple fragmentation techniques is expected to significantly 
improve efficiency and sensitivity of the conventional characterization methods. 
Furthermore, the use of a novel peptide mapping software yields detailed and ultimate 
qualitative insight into mAb degradation profiling.  

Methods  
Sample Preparation 

Commercially available monoclonal antibody rituximab was purchased and used in all 
experiments. Rituximab was supplied at a concentration of 10 mg/mL, formulated in 9.0 
mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 
80,and water. For degradation profiling of the mAb, different conditions for stressing 
rituximab include pH extremes (pH 10), oxygen (exposure to hydrogen peroxide), light 
(exposure to natural day light) and temperature (40 oC).  

For pH extremes, buffer pH 10 was made by 5% NH4OH. To stress the mAb protein, 5 
µL rituximab was mixed with 45 µL buffer and stored in dark at 40 oC.  

For oxidative stress, 5 µL rituximab was mixed with 45 µL 5% H2O2 and stored at room 
temperature for 45 minutes prior to digestion. 

For light stress, 20 µL protein was stored in an Eppendorf tube and exposed to natural 
day light for two days. 

For additional temperature stress conditions, 20 µL stock was stored at 40 oC in dark 
for 48 hours (annotated as “native, 40 oC”). 

All mAbs were mixed with 1:1 ratio (v:v) to 2,2,2-Trifluoroethanol (Sigma, St. Louis, 
Missouri) and reduced in 200 mM dithiothreitol for 20 min at 90 oC in dark. The reduced 
proteins were then alkylated with 100mM iodoacetamide (Sigma, St. Louis, Missouri) in 
the dark for 1 hour. The proteins were diluted by 1:10 10 mM ammonium bicarbonate 
and incubated with 1:20 trypsin to protein (w:w) for 6 hours. Digestion was quenched 
by acidifying the sample to pH 3 using formic acid.  

Liquid Chromatography  

An approximate 2.5 µg digest was loaded per injection. Peptides were separated by 
reverse phase liquid chromatography using an Accucore C18 column (100 x 2.1 mm, 
2.6 µm particle size, Thermo Fisher Scientific). For all experiments, the solvents used 
were water with 0.1 % FA (A) and acetonitrile with 0.1% FA (B). Gradient was 
performed at 300 µL/min, 5-35 % in 50 minutes. 

Mass Spectrometry 

Peptides, eluted from reverse phase liquid chromatography, were directly analyzed 
using a Thermo ScientificTM Orbitrap FusionTM TribridTM Mas Spectrometer.. Full MS 
was acquired at 120,000 resolution with mass range of m/z 350-2,000 followed by data 
dependent MS/MS spectra . Tandem spectra acquired include alternating HCD and 
ETD spectra. HCD 

spectra were collected with precursor ions with charge states from +2 to +8. ETD 
spectra were only collected with precursor ions with charge states from +3 to+8. 
Thermo Scientific™ IonMax™ source with the heated electrospray ionization (HESI) 
was utilized with source parameters as sheath gas at 40, aux gas at 10, sweep gas at 
1, vaporizer temperature at 350 oC, ion transferring tube temperature at 275 oC and 
spray voltage at 3,500 v. The digests were analyzed using electron transfer 
dissociation (ETD) and high energy collision dissociation (HCD) fragmentation. 

Data Analysis 

The LC-MS data were processed using PepFinder software1.0. The MS spectra were 
analyzed with this novel peptide mapping software for sequence coverage information 
and identification of modifications. The software looked for both expected and 
unexpected modifications. The peptide identification settings include absolute MS 
signal threshold at 2e4, maximum peptide mass at 10,000, N-glycosylation search 
within CHO N-glycan, maximum numbers of modification/peptide at 1, mass changes 
for unspecified modifications at -58 to 162.  

Results  
Protein Sequence Coverage 

Rituximab is an IgG1 class chimeric monoclonal antibody, consisting of two light 
chains with 213 amino acids and two heavy chains 2. The antibody is glycosylated at 
residue Asn301 of each heavy chain. Its attached glycans diverse in composition and 
length. The variety and relative abundance of the glycoform is essential as part of the 
antibody characterization. Additionally, mAbs are particularly sensitive to 
environmental factors such as temperature changes, oxidation, light, ionic content, and 
shear. Thus, besides complete protein sequence coverage, comprehensive 
characterizations, which accurately detect these degradation changes during storage, 
are in great need.  

In this study, LC-MS data was acquired and then interpreted by PepFinder software 
1.0. As shown in Figure 1, 100 % sequence coverage was achieved for light chain 
from day light stressed rituximab. Both full MS precursor mass and MS/MS spectra 
were utilized for matching of the sequence. Color coded blocks beneath amino acid 
sequences shows the signal intensity of each peptide. The numbers included in the 
color coded block represent the retention time for each peptide. In the same analysis, 
100 % sequence coverage was also obtained for heavy chain from the day light 
stressed rituximab as shown in Figure 2. A complete protein coverage serves as a 
foundation for surveying degradation of the whole protein.  

Protein Modifications 

A list of modification sites of mAb were identified with high confidence MS/MS spectra 
match and listed in Table 1. To determine the modification sites, each residue on the 
peptide is theoretically modified, the MS/MS spectrum is predicted, and compared to 
the experimental spectrum as shown in Figure 3,4,5.  

 
FIGURE 1. Light chain sequence coverage of light stressed rituximab. Color 
code is for the signal intensity of each peptide. Numbers under the sequences 
represent retention time of the peptides. 

 

FIGURE 4. Predicted and experimental ETD spectra of V327-K338 (N329+Deamidation) 
from heavy chain.  

TABLE 2. Comparison of oxidation level of methionines from heavy chain 
between oxidative stressed sample and the control. ND denotes not detected. 

TABLE 1. Modification summary for the residues in heavy chain from light stressed 
rituximab. All sequence were confirmed by tandem spectra. An ~ sign is labeled in 
front of the modification site to indicate the approximate location of the 
modification. 

FIGURE 3. Predicted and experimental ETD spectra of T293-R305 (N301+A2G1F) 
from heavy chain. Top spectrum is the PepFinder predicted spectrum; bottom 
spectrum is Fusion acquired ETD spectrum. 

 

FIGURE 2. Heavy chain sequence coverage of light stressed rituximab.  

 

Modification on Heavy Chain Abundance 
 

~Q1+NH3 loss 100.00% 
~N55+Deamidation 9.22% 

~N55+NH3 loss 5.05% 
M256+Oxidation 6.36% 
~C265+57.0220 71.78% 
~D284+H2O loss 13.45% 

N301+A2G0F 46.54% 
N301+A2G1F 54.60% 
N301+A2G2F 9.32% 

~W317+37.9417 2.66% 
N319+Deamidation 5.37% 
~N319+NH3 loss 4.33% 
~K321+37.9419 4.59% 

N329+Deamidation 2.67% 
K330+Glycation 1.73% 
~A331+70.0422 6.77% 
~I340+70.0424 26.36% 
~L372+57.0249 96.32% 
~S387+37.9458 10.70% 

~N388+Deamidation 1.34% 
~N388+NH3 loss 5.27% 
~S407+H2O loss 2.33% 
~H437+57.0342 89.37% 

Area of modified peptide 
Relative area % 
of modification 

X 100 
Area sum of all related peptides 

(native + all modified forms) 

= 

FIGURE 5. Predicted and experimental HCD spectra of D253-R259 
(M256+Oxidation) from heavy chain. 

Predicted  

Experimental 

Predicted  

Experimental 

Experimental 

Predicted  

Oxidative stress Abundance  Control Abundance  
~M20+Oxidation 100.00% ~M20+Oxidation ND 
M34+Oxidation 72.82% M34+Oxidation ND 

M256+Oxidation 100.00% M256+Oxidation 1.89% 

FIGURE 6. Deamidated and succinimide asparagine profiling for native 40 oC, 
PH10 40 oC, light stress samples versus control. Column charts 6a-6h show 
abundance levels of deamidated and succimide asparagine of N55, N319, N329 
and N388 respectively. 

Artificial modifications happen during sample preparation prior to LC-MS analysis. 
Unstressed sample is thus included as a control. The control is rituximab stored at 4 
oC  without any stress treatment. It was digested following the same protocol as 
stressed samples. Modifications levels on the stressed samples are compared to the 
control. As shown in TABLE 2, oxidation levels were increased from less than 2 % to 
72-100 % after treatment with H2O2. Figure 6 also shows the variation of 
deamidation and succinimide intermediate levels among the stressed samples. For 
example, asparagine (N) 55 was increased to over 70 % abundance at pH 10 
compared to other samples at around 10 %. Whereas Succinimide levels of N329  
remained below 6 % for all the samples. 
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match as shown in Figure 3,4,5. Figure 3 presented both predicted and Fusion ion trap 
acquired ETD spectrum of T293-R305 (N301+A2G1F) from the heavy chain. The two 
spectra of the glycopeptide are well aligned for both fragment ion masses and relative 
intensities. Following are Figure 4 and 5, which show pairs of spectra (predicted 
versus experimental) from a deamidated peptide (ETD) and a oxidized peptide (HCD), 
respectively. Correlations between both m/z and their relative intensities provide high 
confidence identification for these modified peptides. Additionally, complementary 
fragmentation techniques help deliver unambiguous and comprehensive 
characterization, especially localization of labile modifications such as glycosylation. 
The relative quantitation of the modifications were based on the peak areas of 
modified and unmodified forms of the peptide as the equation below. The  abundance 
as shown in Table 1 represents relative area % of the modifications.  
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Conclusion 
Results from this study show that mAb degradation can be comprehensively 
characterized using the high resolution/accurate mass spectrometer with 
complementary fragmentation techniques (HCD, ETD) and PepFinder software as the 
new generation peptide mapping software. 
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Overview 
Purpose: The goal of these analyses is to develop an effective workflow for 
degradation profiling of a monoclonal antibodies utilizing the sensitive liquid 
chromatography-mass spectrometry technique in combination with a software tool for 
automatic identification and relative quantification of protein modifications. 

Methods: Enzymatically digested monoclonal antibody was analyzed by liquid 
chromatography and mass spectrometry with complementary fragmentation 
techniques. The HCD and ETD data were interpreted by Thermo ScientificTM 
PepFinderTM Software1. 

Results: Chemical degradation of amino acids was profiled. Both expected and 
unexpected modifications were identified. 

Introduction 
Monoclonal antibodies (mAbs) are the fastest growing classes of therapeutic agents. 
Like other proteins, mAbs are subject to various degradation pathways. MAb 
degradation can occur during manufacturing process and upon storage in liquid, 
frozen, or solid state at different pH and temperature conditions. These degradations 
are heavily characterized in the biopharmaceutical industry throughout the 
development, manufacturing and storage stages. The characterization of chemical 
degradation includes amino acid verification, N-terminal and C-terminal processing, 
deamidation, oxidation, etc.  Recent development and optimization of mass 
spectrometry with multiple fragmentation techniques is expected to significantly 
improve efficiency and sensitivity of the conventional characterization methods. 
Furthermore, the use of a novel peptide mapping software yields detailed and ultimate 
qualitative insight into mAb degradation profiling.  

Methods  
Sample Preparation 

Commercially available monoclonal antibody rituximab was purchased and used in all 
experiments. Rituximab was supplied at a concentration of 10 mg/mL, formulated in 9.0 
mg/mL sodium chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 
80,and water. For degradation profiling of the mAb, different conditions for stressing 
rituximab include pH extremes (pH 10), oxygen (exposure to hydrogen peroxide), light 
(exposure to natural day light) and temperature (40 oC).  

For pH extremes, buffer pH 10 was made by 5% NH4OH. To stress the mAb protein, 5 
µL rituximab was mixed with 45 µL buffer and stored in dark at 40 oC.  

For oxidative stress, 5 µL rituximab was mixed with 45 µL 5% H2O2 and stored at room 
temperature for 45 minutes prior to digestion. 

For light stress, 20 µL protein was stored in an Eppendorf tube and exposed to natural 
day light for two days. 

For additional temperature stress conditions, 20 µL stock was stored at 40 oC in dark 
for 48 hours (annotated as “native, 40 oC”). 

All mAbs were mixed with 1:1 ratio (v:v) to 2,2,2-Trifluoroethanol (Sigma, St. Louis, 
Missouri) and reduced in 200 mM dithiothreitol for 20 min at 90 oC in dark. The reduced 
proteins were then alkylated with 100mM iodoacetamide (Sigma, St. Louis, Missouri) in 
the dark for 1 hour. The proteins were diluted by 1:10 10 mM ammonium bicarbonate 
and incubated with 1:20 trypsin to protein (w:w) for 6 hours. Digestion was quenched 
by acidifying the sample to pH 3 using formic acid.  

Liquid Chromatography  

An approximate 2.5 µg digest was loaded per injection. Peptides were separated by 
reverse phase liquid chromatography using an Accucore C18 column (100 x 2.1 mm, 
2.6 µm particle size, Thermo Fisher Scientific). For all experiments, the solvents used 
were water with 0.1 % FA (A) and acetonitrile with 0.1% FA (B). Gradient was 
performed at 300 µL/min, 5-35 % in 50 minutes. 

Mass Spectrometry 

Peptides, eluted from reverse phase liquid chromatography, were directly analyzed 
using a Thermo ScientificTM Orbitrap FusionTM TribridTM Mas Spectrometer.. Full MS 
was acquired at 120,000 resolution with mass range of m/z 350-2,000 followed by data 
dependent MS/MS spectra . Tandem spectra acquired include alternating HCD and 
ETD spectra. HCD 

spectra were collected with precursor ions with charge states from +2 to +8. ETD 
spectra were only collected with precursor ions with charge states from +3 to+8. 
Thermo Scientific™ IonMax™ source with the heated electrospray ionization (HESI) 
was utilized with source parameters as sheath gas at 40, aux gas at 10, sweep gas at 
1, vaporizer temperature at 350 oC, ion transferring tube temperature at 275 oC and 
spray voltage at 3,500 v. The digests were analyzed using electron transfer 
dissociation (ETD) and high energy collision dissociation (HCD) fragmentation. 

Data Analysis 

The LC-MS data were processed using PepFinder software1.0. The MS spectra were 
analyzed with this novel peptide mapping software for sequence coverage information 
and identification of modifications. The software looked for both expected and 
unexpected modifications. The peptide identification settings include absolute MS 
signal threshold at 2e4, maximum peptide mass at 10,000, N-glycosylation search 
within CHO N-glycan, maximum numbers of modification/peptide at 1, mass changes 
for unspecified modifications at -58 to 162.  

Results  
Protein Sequence Coverage 

Rituximab is an IgG1 class chimeric monoclonal antibody, consisting of two light 
chains with 213 amino acids and two heavy chains 2. The antibody is glycosylated at 
residue Asn301 of each heavy chain. Its attached glycans diverse in composition and 
length. The variety and relative abundance of the glycoform is essential as part of the 
antibody characterization. Additionally, mAbs are particularly sensitive to 
environmental factors such as temperature changes, oxidation, light, ionic content, and 
shear. Thus, besides complete protein sequence coverage, comprehensive 
characterizations, which accurately detect these degradation changes during storage, 
are in great need.  

In this study, LC-MS data was acquired and then interpreted by PepFinder software 
1.0. As shown in Figure 1, 100 % sequence coverage was achieved for light chain 
from day light stressed rituximab. Both full MS precursor mass and MS/MS spectra 
were utilized for matching of the sequence. Color coded blocks beneath amino acid 
sequences shows the signal intensity of each peptide. The numbers included in the 
color coded block represent the retention time for each peptide. In the same analysis, 
100 % sequence coverage was also obtained for heavy chain from the day light 
stressed rituximab as shown in Figure 2. A complete protein coverage serves as a 
foundation for surveying degradation of the whole protein.  

Protein Modifications 

A list of modification sites of mAb were identified with high confidence MS/MS spectra 
match and listed in Table 1. To determine the modification sites, each residue on the 
peptide is theoretically modified, the MS/MS spectrum is predicted, and compared to 
the experimental spectrum as shown in Figure 3,4,5.  

 
FIGURE 1. Light chain sequence coverage of light stressed rituximab. Color 
code is for the signal intensity of each peptide. Numbers under the sequences 
represent retention time of the peptides. 

 

FIGURE 4. Predicted and experimental ETD spectra of V327-K338 (N329+Deamidation) 
from heavy chain.  

TABLE 2. Comparison of oxidation level of methionines from heavy chain 
between oxidative stressed sample and the control. ND denotes not detected. 

TABLE 1. Modification summary for the residues in heavy chain from light stressed 
rituximab. All sequence were confirmed by tandem spectra. An ~ sign is labeled in 
front of the modification site to indicate the approximate location of the 
modification. 

FIGURE 3. Predicted and experimental ETD spectra of T293-R305 (N301+A2G1F) 
from heavy chain. Top spectrum is the PepFinder predicted spectrum; bottom 
spectrum is Fusion acquired ETD spectrum. 

 

FIGURE 2. Heavy chain sequence coverage of light stressed rituximab.  

 

Modification on Heavy Chain Abundance 
 

~Q1+NH3 loss 100.00% 
~N55+Deamidation 9.22% 

~N55+NH3 loss 5.05% 
M256+Oxidation 6.36% 
~C265+57.0220 71.78% 
~D284+H2O loss 13.45% 

N301+A2G0F 46.54% 
N301+A2G1F 54.60% 
N301+A2G2F 9.32% 

~W317+37.9417 2.66% 
N319+Deamidation 5.37% 
~N319+NH3 loss 4.33% 
~K321+37.9419 4.59% 

N329+Deamidation 2.67% 
K330+Glycation 1.73% 
~A331+70.0422 6.77% 
~I340+70.0424 26.36% 
~L372+57.0249 96.32% 
~S387+37.9458 10.70% 

~N388+Deamidation 1.34% 
~N388+NH3 loss 5.27% 
~S407+H2O loss 2.33% 
~H437+57.0342 89.37% 

Area of modified peptide 
Relative area % 
of modification 

X 100 
Area sum of all related peptides 

(native + all modified forms) 

= 

FIGURE 5. Predicted and experimental HCD spectra of D253-R259 
(M256+Oxidation) from heavy chain. 

Predicted  

Experimental 

Predicted  

Experimental 

Experimental 

Predicted  

Oxidative stress Abundance  Control Abundance  
~M20+Oxidation 100.00% ~M20+Oxidation ND 
M34+Oxidation 72.82% M34+Oxidation ND 

M256+Oxidation 100.00% M256+Oxidation 1.89% 

FIGURE 6. Deamidated and succinimide asparagine profiling for native 40 oC, 
PH10 40 oC, light stress samples versus control. Column charts 6a-6h show 
abundance levels of deamidated and succimide asparagine of N55, N319, N329 
and N388 respectively. 

Artificial modifications happen during sample preparation prior to LC-MS analysis. 
Unstressed sample is thus included as a control. The control is rituximab stored at 4 
oC  without any stress treatment. It was digested following the same protocol as 
stressed samples. Modifications levels on the stressed samples are compared to the 
control. As shown in TABLE 2, oxidation levels were increased from less than 2 % to 
72-100 % after treatment with H2O2. Figure 6 also shows the variation of 
deamidation and succinimide intermediate levels among the stressed samples. For 
example, asparagine (N) 55 was increased to over 70 % abundance at pH 10 
compared to other samples at around 10 %. Whereas Succinimide levels of N329  
remained below 6 % for all the samples. 

 

 

 

 

 

 

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.  This information is not intended to 
encourage use of these products in any manners that might infringe the intellectual property rights of others. 

0.00% 
1.00% 
2.00% 
3.00% 
4.00% 
5.00% 
6.00% 

Control Native, 
40c 

PH10 Light 
stress 

6b) ~N55+NH3 loss 

0.00% 
5.00% 

10.00% 
15.00% 
20.00% 
25.00% 

Control Native, 
40c 

PH10 Light 
stress 

6c) N319+Deamidation 

0.00% 
0.50% 
1.00% 
1.50% 
2.00% 
2.50% 

Control Native, 
40c 

PH10 Light 
stress 

6g) ~N388+Deamidation 

0.00% 
1.00% 
2.00% 
3.00% 
4.00% 
5.00% 
6.00% 

Control Native, 
40c 

PH10 Light 
stress 

6h) ~N388+NH3 loss 

0.00% 

20.00% 

40.00% 

60.00% 

80.00% 

Control Native, 
40c 

PH10 Light 
stress 

6a) ~N55+Deamidation 

0.00% 
1.00% 
2.00% 
3.00% 
4.00% 
5.00% 
6.00% 

Control Native, 
40c 

PH10 Light 
stress 

6d)~N319+NH3 loss 

0.00% 
2.00% 
4.00% 
6.00% 
8.00% 

10.00% 

Control Native, 
40c 

PH10 Light 
stress 

6e) N329+Deamidation 

0.00% 
20.00% 
40.00% 
60.00% 
80.00% 

100.00% 

Control Native, 
40c 

PH10 Light 
stress 

6f) N329+NH3 loss 

PO64146-EN 0614S 



Thermo Fisher Scientific, 
San Jose, CA USA is  
ISO 9001:2008 Certified.

www.thermoscientific.com
©2014 Thermo Fisher Scientific Inc. All rights reserved. ISO is a trademark of the International Standards Organization. 
All other trademarks are the property of Thermo Fisher Scientific and its subsidiaries. This information is presented as an exam-
ple of the capabilities of Thermo Fisher Scientific products. It is not intended to encourage use of these products in any manners 
that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change.  
Not all products are available in all countries. Please consult your local sales representative for details.

PN-64146-EN-0614S

Africa  +43 1 333 50 34 0
Australia  +61 3 9757 4300
Austria  +43 810 282 206
Belgium  +32 53 73 42 41
Canada  +1 800 530 8447
China   800 810 5118 (free call domestic) 

400 650 5118

Denmark  +45 70 23 62 60
Europe-Other  +43 1 333 50 34 0
Finland  +358 9 3291 0200
France  +33 1 60 92 48 00
Germany  +49 6103 408 1014
India  +91 22 6742 9494
Italy  +39 02 950 591

Japan  +81 45 453 9100
Latin America  +1 561 688 8700
Middle East  +43 1 333 50 34 0
Netherlands  +31 76 579 55 55
New Zealand  +64 9 980 6700
Norway  +46 8 556 468 00
Russia/CIS  +43 1 333 50 34 0

Singapore  +65 6289 1190
Spain  +34 914 845 965
Sweden  +46 8 556 468 00
Switzerland  +41 61 716 77 00
UK  +44 1442 233555
USA  +1 800 532 4752




