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Characterization of Conformation of
Therapeutic Antibody Aggregation
with Optimized Hydrogen/Deuterium
Exchange Mass Spectrometer
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and the amount of uptake increased with degree of aggregation. This implies that aggregation would
impact the 3D structure of Herceptin and more exposed to solvents, i.e., more deuterium uptake.
Furthermore, the increase in deuterium uptake was not uniform across all the peptides. Example
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figure 10) was observed from amino acid 120 to 200 and 240 to 255 of the heavy chain for the
sample stressed at pH=0.5. The differences could be up to 5 daltons, see figure 10, right panel.
These results indicated that aggregation would cause more conformational change for the Fab region
and smaller changes for the Fc region.
Figure 9. Herceptin and pH 0.5 stressed sample heavy chain peptides deuterium uptake plots
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Figure 8. Herceptin and pH 0.5 stressed sample heavy chain deuterium uptake mirror plots
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Figure 8. Herceptin and pH 0.5 stressed sample heavy chain deuterium uptake mirror plots

Similar deuterium uptake profiles of Herceptin and its pH stressed sample were observed for heavy
chain and are shown in figure 8. In general, the stressed sample showed more deuterium uptake,
and the amount of uptake increased with degree of aggregation. This implies that aggregation would
impact the 3D structure of Herceptin and more exposed to solvents, i.e., more deuterium uptake.
Furthermore, the increase in deuterium uptake was not uniform across all the peptides. Example
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figure 10) was observed from amino acid 120 to 200 and 240 to 255 of the heavy chain for the
sample stressed at pH=0.5. The differences could be up to 5 daltons, see figure 10, right panel.
These results indicated that aggregation would cause more conformational change for the Fab region
and smaller changes for the Fc region.

To further understand the conformational dynamics, single amino acid residue level protection
factors were calculated using Mass Analyzer HDX, (see figure 11). In most of the regions Herceptin
showed slightly higher protection factor than the pH 0.5 stressed sample. From amino acid 110 to
210 and 240 to 255, Herceptin had a much higher protection factor, which is consistent with the
deuterium uptake residual plots obtained from HDExaminer.
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showed slightly higher protection factor than the pH 0.5 stressed sample. From amino acid 110 to
210 and 240 to 255, Herceptin had a much higher protection factor, which is consistent with the
deuterium uptake residual plots obtained from HDExaminer.
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the significant change regions were in the CL, CH and part of Fc CH2 domains.

Figure 12. Herceptin and pH 0.5 stressed sample 1hr deuterium labeling Fab
differential exchange map on crystal structure (PDB: 1N8Z)

CONCLUSIONS
•A fully automated HDX workflow was successfully applied to the study of conformational changes of
Herceptin upon aggregation.
•In this study, we were able to pinpoint the subtle but significant changes around the CL, CH and CH2
regions.

Figure 11. Herceptin and pH 0.5 stressed sample heavy chain protection factor comparison.
Top: residual 1-200 Bottom: residual 201-449
More differences region

•The MS data were analyzed by two independent software packages (HDExaminer and Mass
Analyzer) and the conclusions were consistent.
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Antibody aggregation is a complex, multistep process3. The conformation change with more
deuterium uptake observed for the sample stressed at pH 0.5 agreed with the proposed
aggregation mechanism3,4 and the reported results5 in the literature. The differential
deuterium uptake of Herceptin and the sample stressed at pH 0.5 for1 hour labeling was
mapped with Herceptin Fab crystal structure (PDB:1N8Z) and shown in figure 12. Most of
the significant change regions were in the CL, CH and part of Fc CH2 domains.
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