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Development of therapeutic proteins is challenging due to 

the high degree of heterogeneity and potential for a wide 

range of post-translational modifications. Commonly 

studies to investigate sites of potential modification are 

executed throughout the discovery and development 

process, often referred to as hot spot analysis or liability 

assessment. Deamidation is one of the most common 

modifications that may cause structural changes in the 

biotherapeutics resulting in a decrease in its safety or 

efficacy
1-3

. It is critical to evaluate and monitor these 

biologically relevant product quality attributes (PQAs) 

during the various stages of product life cycle to ensure 

safety and efficacy of the product.  

 

This work focuses on a streamlined workflow for fast and 

efficient monitoring of deamidation induced in pH stressed 

antibodies using a peptide based multi-attribute  

methodology (MAM) workflow with the SCIEX X500B 

QTOF System operated by SCIEX OS acquisition software 

and data processing in BioPharmaView™ software 3.0. 

Taken together, this solution enables ease of use for 

collection and processing of data which is accessible for a 

wide range of users.  

 

This enables the automatic and accurate quantification of 

all the asparagine sites susceptible to deamidation due to 

pH stress (Fig 1), thus resulting in high throughput 

assessment of product stability and determination of 

appropriate control strategy for therapeutic monoclonal 

antibodies. 

Key Feature of X500B System with SCIEX OS 
and BioPharmaView™ Software 3.0 

 Easy to use mass spectrometer and software 

 Customizable and flexible definition of targeted molecular 

attributes 

 Accurate and reproducible quantification of targeted 

modifications using MAM capabilities 

 

 

 

 

Figure 1.  Deamidation monitoring with respect to pH changes 
for various Asp susceptible sites. Some of the peptides showed 
greater degree of relative percent changes at higher pH whereas 
some of these sites showed relatively less susceptibility to pH 
changes. 

 

SCIEX X500B QTOF System 
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Methods 

Sample Preparation:  

Trastuzumab was obtained from Myoderm (Norristown, 

PA, USA). The samples were digested in 25mM Tris-HCl, 

buffer with different pH values (6.8, 7.6, 8.0 and 8.8) to 

determine their impact on deamidation levels. The samples 

were then denatured, reduced and alkylated using DL-

dithiothreitol and 2-iodoacetamide (Sigma Aldrich). Trypsin 

(Promega) was added in a ratio of 1:30 (w:w; Trypsin:mAb) 

followed by an incubation at 37°C for 4hr. Digestion was 

stopped by adding formic acid and supernatant was 

subsequently measured using LC-MS. 

Chromatography:  

The trastuzumab tryptic digests were separated using 

ExionLC™ system. The Solvent A consisted of water 

containing 0.1 % formic acid and Solvent B consisted of 

acetonitrile containing 0.1 % formic acid. A gradient of 2 to 

55 % B over 35 min was used at a flow rate of 300 µl/min. 

The injection volume was set to 4µl.  

Mass Spectrometry:  

All measurements were carried out in replicates on X500B 

QTOF coupled to a TurboV
™

 source using a data 

dependent (DDA) acquisition strategy. High resolution 

MS/MS data of eight candidate ions per cycle with a total 

cycle time of 1s was acquired.  

Data Processing 

The complete data processing was performed with 

BioPharmaView™ software 3.0. The experimental peptide 

data was matched to the in-silico generated list of peptide 

masses with deamidation as variable modification. The 

Asparagine sites were monitored for deamidation 

susceptibility using MAM workflow and reference ranges 

were set for pass/fail criteria.

Results and Discussion 

Investigation of susceptible sites of deamidation as a 

function of the pH used for digestion. was accomplished. 

All other parameters of the digestion protocol were kept 

constant. Tracking of deamidation sites was accomplished 

using BioPharmaView™ software 3.0 by defining custom 

calculations using the quality attributes in the assay. Each 

peptide was tracked independently using custom 

calculations as shown in Figure 2. The list of quality 

attributes was created for all peptides containing 

asparagine residues based on the sequence of 

trastuzumab. The modification calculations were created 

as relative percentage based on the unmodified form. In 

the case, where multiple deamidated species for the 

peptide are possible due to the presence of more than one 

site of modification, the sum of all XIC areas were 

considered for relative percent calculation. Pass/Fail 

criteria were set based on the results obtained from the 

values determined for the lowest pH digestion. In each 

case the localization of deamidation was verified using 

MS/MS data and the localization of the modification was 

done manually with the specific position saved as part of 

the assay.  

 

The lowest levels of deamidation were observed in the 

sample digested at the lowest pH (6.8). As expected the 

extent of deamidation increased as the pH increased with 

increasing levels of pH as shown in the quality attribute 

results table, Figure 3. 

 

 

 

Figure 2. BioPharmaView™ software 3.0 for defining quality 
attributes to monitor deamidation  
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As expected, the extent of deamidation increased as the 

pH used in the digestion became more basic. As shown in 

Figure 3, two peptides within the heavy chain were found 

to be the most susceptible to pH induced deamidation. In 

particular, our results indicated that Asn55 was the most 

susceptible residue which. Importantly this residue is 

located in the CDR2 region of the heavy chain. This is of 

interest as deamidation at this site can greatly reduce the 

binding activity of the antibody.
1-3 

 

The accuracy of the method was assessed by spiking the 

forced deamidated samples into the control sample at 

increasing levels. The sample with the lowest determined 

deamidation levels (pH 6.8) was used as the baseline for 

the spike studies due to lack of samples with no 

deamidation. The sample with the highest determined 

deamidation level was spiked into the sample with the 

lowest level. As shown in Figures 4 and 5, when the forced 

deamidated sample was spiked into the control sample, 

the deamidation amount measured in the spiked samples 

increased correspondingly with the amount of the spike as 

expected exhibiting excellent linearity for each peptide 

highlighting linearity of the assay.  

Conclusions 

 SCIEX X500B system and BioPharmaView™ software 

3.0 with the MAM workflow enables accurate 

quantitation of post-translational modifications. 

 SCIEX X500B system provides linear response for 

confident assessment of quality attributes 

 Workflow enables tracking of attributes across the 

biopharmaceutical development process 
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Figure 3. Quality attribute results for trastuzumab digest samples from each digest pH. Replicate analysis and processing were executed for 
each sample. As shown, replicate analyses were consistent.  

 

Figure 4. Linearity of deamidation of IYPTNGYRN peptide from 
spiked in digest.   

 

Figure 5. Linearity of deamidation of VVSVLTVLHQDWLNGK 
peptide from spiked in digest. 

 AB Sciex is doing business as SCIEX. 

© 2017 AB Sciex.  For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.  
AB SCIEX™ is being used under license.   

Document number: RUO-MKT-02-8167-A 

 

 

 

 

y = 0.2512x + 0.0271 
R² = 0.9903 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

%
 d

e
a

m
id

a
ti

o
n

 

% Spike of Forced Deamidation sample 

Peptide IYPTN[Dea]GYTR  

y = 0.0992x + 0.0119 
R² = 0.978 

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

0.00% 20.00% 40.00% 60.00% 80.00% 100.00% 120.00%

%
 d

e
a

m
id

a
ti

o
n

 

% Spike of Forced Deamidation sample 

Peptide VVSVLTVLHQDWLN[Dea]GK 


