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Introduction 

• Monoclonal antibodies (mAbs) are widely used as biopharmaceuticals and 
new mAbs are still being developed by modifying the complementarity 
determining regions.  

 

• mAbs easily undergo structural and chemical changes during preparation and 
storage processes and such denaturation may cause loss of therapeutic 
efficacy or manifestations of toxicity.   

 

• Therefore, therapeutic mAbs must be subject to strict quality control.  
 

• Size exclusion chromatography (SEC) is a powerful and convenient tool for 
determining mAb monomers and their impurities, including aggregates, 
oligomers, and mAb fragments.  
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Introduction 

We have developed three silica-based SEC columns designed especially for mAb 
analysis:  
 

1) A 4.6 mm ID x 15 cm semi-micro column packed with 25 nm pore size, 4 μm 
particles, which is designed for high throughput analysis of mAbs.  

 

2) A 7.8 mm ID x 30 cm analytical column packed with the same particles as mentioned 
above. The column dimension is compatible with conventional LC systems with 
relatively large extra-column dead volume and is suitable for high resolution analysis 
of mAb monomers and dimers.  

 

3) A 7.8 mm ID x 30 cm analytical column packed with newly developed 30 nm pore 
size, 3 μm particles. Larger pore size with the estimated exclusion limit of ~4x106 Da 
provides improved separation and quantitation of mAb aggregates and oligomers.  

 

We report here the features of these new SEC columns and their superior performance 
of mAb separation in comparison to conventional columns.  
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Columns 
• TSKgel® SuperSW mAb HTP, 4.6 mm ID x 15 cm, 4 μm particle*  
• TSKgel SuperSW mAb HR, 7.8 mm ID x 30 cm, 4 μm particle*  
• TSKgel UltraSW Aggregate, 7.8 mm ID x 30 cm, 3 μm particle*  
• TSKgel G3000SWXL, 7.8 mm ID x 30 cm, 5 μm particle  
• All of TSKgel columns were manufactured by Tosoh (Tokyo, Japan). 

* prototype columns 
 

Instrumentation 
• The HPLC system was a Tosoh liquid chromatograph equipped with pump (DP-8020), 

column oven (CO-8020), UV detector (UV-8020), and data processor (LC-8020 model 
II). 

 

Reagents 
• Disodium hydrogenphsophate 12-water, potassium dihydrogen phosphate, sodium 

azide, sodium nitrate, and p-aminobenzoic acid were obtained from Wako Pure 
Chemical Industries (Osaka, Japan).  

• Pullulan standards were obtained from Showa Denko (Tokyo, Japan). 
• IgG was obtained from Kaketsuken (Kumamoto, Japan). 
• All other proteins were obtained from Sigma-Aldrich (St. Louis, MO, USA).  
• Water was purified with the Milli-Q® system (Merck Millipore, Darmstadt, Germany).  

Experimental 
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Characteristics of the Columns 
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Table 1: Specifications of the Columns 
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Figure 1: Chromatograms of Standard 
Proteins 

New TSKgel SEC columns show their superior performance over other columns. 
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Figure 2: Calibration Curves 
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Figure 3: Chromatograms of IgG 
Dimer/Monomer 
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Figure 4: Chromatograms of 
Thyroglobulin 
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• The TSKgel SuperSW mAb HTP exhibited equal separation between IgG monomer and dimer in half the analysis 
time compared to the conventional SEC column, TSKgel G3000SWXL, 5μm particle, 7.8 mm ID x 30 cm.  

 

• The TSKgel SuperSW mAb HR exhibited superior resolving power for IgG monomer and dimer compared to other 
SEC columns.  

 

• The TSKgel UltraSW Aggregate, which possesses a larger MW exclusion limit, exhibited superior resolving power 
for thyroglobulin oligomers with high molecular weight.  

Table 2: Summary of Column Performance 
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Applications: Separation of IgG 



TOSOH CORPORATION   BIOSCIENCE DIVISION Presented at 2012 Pittcon Conference, Orlando, FL 

Figure 5: Separation of Papain-Digested 
IgG  
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Table 3: Summary of Separation of  
Papain-Digested IgG 

• TSKgel SuperSW mAb HTP reduced the overall analysis time in half compared to that using a conventional 
TSKgel G3000SWXL SEC column without any compromise in resolutions between monomer/dimer in 
undigested IgG or monomer/fragments. 

  
• TSKgel SuperSW mAb HR exhibited superior resolving power for monomer/dimer and monomer/fragment 

separation. 
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The TSKgel UltraSW Aggregate possesses a wider separation window for IgG oligomers and 
aggregates with high MW (5x105~5x106 Da) than other SEC columns.  

Figure 6: Separation of IgG Aggregates 
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Conclusions 
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Conclusions 

The following three novel SEC columns have been developed:  
 

• TSKgel SuperSW mAb HTP exhibited equal separation between IgG 
monomer and dimer in half the analysis time compared to the conventional 
SEC column, TSKgel G3000SWXL (5μm particle, 7.8 mm ID x 30 cm).  
 

• TSKgel SuperSW mAb HR exhibited superior resolving power for IgG 
monomer and dimer compared to other SEC columns.  
 

• TSKgel UltraSW Aggregate, which possesses a larger MW exclusion limit, 
exhibited superior resolving power for oligomers and aggregates of large 
proteins, including thyroglobulin and IgG.  
 

The performance of these columns was demonstrated by the separation of IgG 
fragments generated by papain digestion and separation of IgG aggregates.  
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