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Primary sequence determination of an antibody is a precursor to accurate characterization.  In 

some instances, this can be achieved using next generation sequencing of the antibody-producing 

cell. However, the source cell may not be available, for example if the hybridoma is no longer 

producing, if the antibody was a gift, or if the sample comes from patient serum.  For these 

situations, direct proteomic sequencing is the only available option.  In addition, post-

translational modifications can have an enormous impact on the activity and viability of an 

antibody as a therapeutic.  Proteomics is the only method for identifying the sites of 

modification. 

 

Mass-spectrometry based proteomics traditionally relies on a comprehensive database of protein 

sequences against which tandem mass spectra are matched.  The vast repertoire of possible 

antibody sequences, however, confounds this workflow and precludes the construction of a 

comprehensive antibody sequence database.  While some regions of the antibody remain 

identical or highly similar to the germline, the variable domain, containing the complementarity 

determining regions (CDRs), can be significantly diverged from the germline genome.  This 

variation can be the result of hypermutation, untemplated insertions at splice boundaries, and 

deletions. 

 

Our approach draws on the strengths of database-mediated protein identification, but integrates 

de novo sequencing for the CDRs.  De novo peptide sequencing has been a popular technique 

when a database is unavailable.  However, by considering each spectrum individually, the error 

rate for de novo peptide sequencing is unacceptably high for therapeutic targets.   

 

Instead, we merge spectra from overlapping peptides into a single spectral contig.  To achieve 

high overlap between peptides, we digest each antibody with up to six different enzymes with 



distinct cleavage patterns.  The contig spectra have a higher signal to noise ratio than each 

individual spectrum, and exhibit more complete fragment information.  De novo sequencing of 

spectral contigs can achieve much lower error rates than de novo peptide sequencing.  Similar to 

de novo peptide sequencing, the contigs can then be sequenced directly with no need for a 

database. 

 

In this study we demonstrate the improved accuracy of our method when using high accuracy 

mass spectrometry together with alternating fragmentation modes.  Fragmentation by collision-

induced dissociation (CID) tends to produce the highest quality spectra for peptides up to charge 

3, while fragmentation using electron-transfer dissociation (ETD) produces the highest quality 

spectra for peptides of charge 3 and higher.  By combining the two data types, we achieve 

accuracy above 98%. 

 

We further improved our algorithm to allow multiple molecules to be sequenced simultaneously.  

We demonstrate that our tool can sequence a mixture of a single heavy and light chain pair.  We 

also show preliminary results on a monoclonal antibody mixture, where we are able to sequence 

over 80% of the dominant antibody. 

 


