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Highlights
· Ratio between charged variants and main antibody changed with ligand density and pH.
· mAb recovery decreased with increasing ligand density and decreasing pH.
· Analytical studies revealed conformational changes to the mAb.

1. Introduction
Charge variant separation from the main monoclonal antibody is often challenging due to their similarities in charge and size [1]. Numerous separation techniques have been suggested including pH as well as salt gradients, a combination of both, or using different resin types [2,3]. In some cases, these conditions have been linked to a reversible or irreversible two-peak elution profile induced by protein unfolding, aggregation, or presence of specific charge-dependant amino acids [4-6]. In order to understand whether the presence of charge variants can affect the two-peak behaviour, we performed the separation using varying ligand density resins and buffer pH.
2. Methods
Antibody containing high levels of charge variants was run on columns packed with five cation exchange resins containing different ligand densities. The separation was carried out under an increasing salt gradient at three pH conditions. Analytical techniques such as size exclusion chromatography, circular dichroism, isoelectric focusing electrophoresis, and mass spectrometry were used to examine elution peaks.
3. Results and discussion
We found that the two-peak ratio and total protein recovery changed with buffer pH and ligand density. Protein recovery decreased by up to 27% with increasing ligand density, and by up to 51% with decreasing pH. No aggregation or reversible protein association was detected. However, circular dichroism data revealed conformational changes to the antibody structure, whereas isoelectric focusing electrophoresis showed the presence of different charge variants in the two peaks. Further analysis using mass spectrometry was undertaken to understand what caused reduction in protein yield and changes to the two-peak behaviour. 
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Figure 1.  Antibody elution profile and recovery using low and high ligand density resins.
4. Conclusions
The results indicate that ligand density and buffer pH can affect the elution profile and protein recovery. We hypothesize that charge variants become unstable as a result of induced conformational changes.
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