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Introduction
Monoclonal antibodies (mAbs) are the most common protein therapeutic 
with an estimated 180 or more mAb drugs on the global market by 2025.  
Fragmentation of monoclonal antibodies is a Critical Quality Attribute 
(CQA) which must be measured for all biotherapeutics to assess the purity 
and integrity of the protein.  Fragmentation can occur during expression 
but also upon storage or metabolism in vivo.  The fragmentation pattern of 
a mAb can offer information on its stability making this an essential part of 
the characterization process.  Fragments are formed at sites where the 
peptide bonds are prone to cleavage and although the factors which 
influence which sites are most susceptible can be complex, some general 
fragmentation patterns are typically observed.  In this technical note, we 
employ a forced reduction approach to identify and report scFc and F(ab’)2 

profiles for two common mAbs through an IdeS digestion.   We then look at 
the fragmentation patterns of a Dithiothreitol (DTT) reduction, which 
provides separated heavy chain (HC) and light chains (LC).

Impurity profiling and characterization of intact biological subunits present 
many challenges because of a need to identify small differences between 
variants.  Biozen 3.6 µm Intact XB-C8 and C4 columns are packed with  
specialized wide pore core-shell particles which facilitate faster mass 
transfer kinetics for large biomolecules, providing narrower, taller peaks 
and greater resolving power when analyzing HC / LC, Fc / Fab regions or 
isoforms, compared to other commercially available fully porous silica-
based column solutions designed for mAb analysis.  The introduction of 
high efficiency UHPLC instruments offering low system dispersion coupled 
with highly efficient core-shell particles has offered significant 
improvements in the resolution and characterization of antibody 
fragments.  
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LC Conditions

Columns: Biozen 3.6 µm Intact XB-C8
AdvanceBio RP-mAb 3.5 µm SB-C8

Dimensions: 150 x 2.1 mm

Part No.: 00F-4766-AN

Mobile Phase: A: 0.1 % Trifluoroacetic Acid in Water
B: 0.1 % Trifluoroacetic Acid in Acetonitrile

Gradient: Time (min)              %B
0.00 40
1.00 40
13.00 60

Flow Rate: 0.5 mL/min

Injection Volume: 1 µL

Temperature: 80 °C

Detection: UV @ 280 nm

Sample Preparation
Cetuximab was treated with IdeS enzyme (1 µL per 50 µg mAb) and incubated 
for 60 min at 37 °C.  Rituximab was treated with 10 mM DTT at pH 5.5 for 30 
min.

Results and Discussion
For the Ides digestion of Cetuximab, the F(ab’)2 was identified along with 
minor amounts of scFc using a Biozen Intact XB-C8 column (Figure 1).  
Under standard reversed phase gradient conditions, we observed excellent 
peak shape of the F(ab’)2.  Analysis of this sample under the same running 
conditions with the AdvanceBio® RP-mAb SB-C8 column was unable to 
detect any scFc fragment.  Significantly less tailing was also observed in the 
F(ab’)2 fragments with the Biozen Intact XB-C8 column, which allows for 
improved integration and more accurate results.  Notably, both 
applications were run at an elevated temperature to improve the peak 
shape of the fragments.

Analysis of both HC and LC variants was also assessed using a DTT reduction 
of Rituximab (Figure 2).  After employing the same method conditions, 
superior separation was observed for the HC variants on the Biozen Intact 
XB-C8 column.  Moreover, this column was able to detect minor amounts 
of post-translational modifications (HC variants).  When using the Advance 
Bio RP-mAb SB-C8 column the HC variants were not fully resolved.

Figure 1. Subunit Analysis of an IdeS Digestion of Cetuximab.
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Figure 2. HC / LC Analysis of DTT-reduced Rituximab.
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Conclusions
Both chemistries evaluated (Biozen Intact XB-C8 and AdvanceBio RP-mAb
SB-C8) are bonded with a C8 ligand.  However, the combination of the core-
shell particle and the sterically hindered XB-C8 ligand offer better peak 
shape compared with a fully porous C8 phase.  The superior peak shape and 
resolution observed with the Biozen Intact XB-C8 column was present in 
both the IdeS digestion of Cetuximab and the DTT reduction of Rituximab.  
Optimizing the performance of this subunit analysis is pivotal as it serves as 
a critical quality attribute that needs to be monitored to assess the integrity 
of the mAb.  The wide pore core-shell particle morphology of the Biozen
Intact XB-C8 column allows for faster mass transfer kinetics of antibodies in 
and out of the stationary phase, which reduces the diffusion pathway and 
improves chromatographic efficiency.  The benefits of producing more 
efficient, narrower peaks is seen with improved resolution for subunit 
analysis.

Biozen Ordering Information

Biozen Columns (mm) Biocompatible Guard Cartridges     

50 x 2.1 100 x 2.1 150 x 2.1 50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 for 2.1 mm for 4.6 mm Holder

/3pk /3pk ea

Biozen 2.6 µm WidePore C4 00B-4786-AN 00D-4786-AN 00F-4786-AN 00B-4786-E0 00D-4786-E0 00F-4786-E0 00G-4786-E0 AJ0-9816 AJ0-9818 AJ0-9000

Biozen 3.6 µm Intact XB-C8 00B-4766-AN 00D-4766-AN 00F-4766-AN 00B-4766-E0 –– 00F-4766-E0 –– AJ0-9812 AJ0-9814 AJ0-9000
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Need a different column size or sample preparation format?
No problem! We have a majority of our available dimensions up on www.phenomenex.com, but if you can’t find what you need right away, our super helpful 
Technical Specialists can guide you to the solution via our online chat portal www.phenomenex.com/Chat.
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Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions, which may be viewed at www.phenomenex.com/phx-terms-and-conditions-of-sale.

Trademarks

Biozen and BE-HAPPY are trademarks of Phenomenex.  AdvanceBio is a registered trademark of Agilent Technologies, Inc.

Disclaimer

Comparative separations may not be representative of all applications.

Phenomenex is in no way affiliated with Agilent Technologies, Inc.

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures.

© 2023 Phenomenex, Inc. All rights reserved.
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