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Development of a serotyping method for adeno-associated virus capsid
proteins via SDS-PAGE in-gel digestion followed by LC-MS analysis
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Abstract: Recombinant adeno-associated virus (rAAV) is a pivotal vector for gene therapy, and accurate
identification of its capsid proteins is crucial for ensuring product safety, efficacy, and batch-to-batch consistency.
Although existing LC-MS peptide mapping methods based on in-solution digestion can confirm the primary

structure of proteins, they suffer from an inherent limitation: VP1, VP2, and VP3 share an identical C-terminal
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sequence (over 400 amino acids in the case of AAV9). Consequently, common peptides generated from mixed
digestion cannot be assigned to their parental protein origin, making it particularly difficult to independently assess
the sequence coverage integrity and specific post-translational modifications of low-abundance VP1 and VP2. To
address this inherent limitation, this study establishes, for the first time, a systematic peptide mapping method for
rAAV capsid proteins based on "SDS-PAGE separation, in-gel digestion, and LC-MS analysis". The core strategy
of this method involves the initial physical separation of the three capsid proteins (VP1, VP2, and VP3) by
electrophoresis, followed by independent in-gel trypsin/chymotrypsin digestion of each individual protein band,
thereby enabling specific evaluation of the sequence coverage for each protein. It is noteworthy that despite the
natural stoichiometry of VP1, VP2, and VP3 in the capsid being approximately 1:1:10 (i.e., VP1 and VP2 each
constitute only about 1/12 of the total protein), and despite further loss of peptide quantities during the multi-step
recovery process of in-gel digestion, this method achieves a combined sequence coverage of over 98% for the low-
abundance VP1 and VP2, fully demonstrating its exceptional detection sensitivity and specificity. Method
validation demonstrated that the approach is highly specific (no interference from blank matrix), reproducible (total
peptide coverage > 98% in triplicate runs, retention time RSD of key peptides < 1%), and robust (stable coverage
under variations of key parameters). This method effectively resolves the challenge of ambiguous peptide
assignment caused by identical C-terminal sequences of VP1/VP2/VP3 in solution-based digestion, providing a

reliable, stable, and high-resolution analytical tool for accurate serotyping, quality attribute investigation, and

quality control of rAAV products.
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Figure 1 Workflow of the SDS-PAGE/in-gel digestion/LC-MS method for rAAV capsid protein analysis. AAV: Adeno-associated virus;

SDS-PAGE: Sodium dodecyl sulfate polyacrylamide gel electrophoresis; VP: Capsid protein
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Figure 2 rAAV9 SDS-PAGE electrophoresis image
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Figure 3 The TIC chromatogram of a trypsin-digested VP3 by
LC-MS. A: Blank; B: rAAV9; TIC: Total ion chromatogram
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Table 1 Robustness verification: Total peptide coverage of capsid proteins under variations in key operational parameters

Parameter investigated

Sum of coverage/%

Variation range

VP1 VP2 VP3

Digestion time (trypsin/chymotrypsin) Standard condition 16h/3h 99.86 100 100
Reduced time 15h/2h 99.86 100 100

Extended time 17h/4h 99.86 100 100

Formic acid concentration in mobile phase Standard concentration 0.1% 99.86 100 100
Low concentration 0.08% 99.46 100 100

High concentration 0.12% 98.52 99.50 100

Column model Premier BEH C18 - 99.86 100 100
Premier CSH C18 - 99.60 99.17 100
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Table 2 Analysis results of two independent rAAV9 batches

Batch No. Capsid protein Sum of coverage/%

Batch 1 VP1 98.65
VP2 98.51
VP3 100

Batch 2 VP1 99.86
VP2 99.34
VP3 100
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