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Overview
Purpose:  To maximize the protein coverage in MS/MS 
proteomic data analysis.
Methods:  (1) PEAKS   de novo sequencing  results are used 
to automatically discover variable PTMs.  (2) Protein 
coverage is increased with the second and third round 
searches with the discovered PTMs.

Introduction
One of the challenges researchers face in mass 
spectrometry-based proteomics investigations is that there are 
often a significant amount of high-quality spectra remaining 
un-interpreted due to PTMs and errors in MS/MS data and 
protein sequence databases. Specifying many variable PTMs in 
the protein identification software can increase the coverage, 
but also drastically slow down the searching speed. This 
dilemma can be partially solved with a two-round search 
approach: the first round searches a large database with only a 
few PTMs, followed by a second round on only the identified 
proteins but with many variable PTMs specified. However, this 
still requires a human’s knowledge about the variable PTMs in 
the sample, in order to specify them correctly in the second 
round search.  We propose to use PEAKS   de novo sequencing 
[1] results to automatically discover the variable PTMs existing 
in the sample. In addition, we propose a workflow for 
multi-round searches which results in higher protein coverage.

Methods 
The work flow of the multiple round search is shown in Figure 1.

Round 1. This is typical PEAKS   database search. Only a few 
most common PTMs are specified for the search. PEAKS_ 
database search requires the de novo sequencing results as 
sequence tags, and therefore is performed after the de novo 
sequencing. 

Round 2. In this round, variable PTMs are first discovered 
by comparing the de novo sequencing results with the 
peptides identified in the first round. We observe that for 
a peptide with a variable PTM, very often both the 
unmodified sequence (S) and the modified sequence (S’) 
produce spectra in the data. The first round search may 
identify S but not S’. 

Conclusion
The experiment results showed that our multiple round search approach 
increased the coverage of protein/peptide identification. The 
identification process is fully automated. 
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However, the de novo sequencing result on spectrum of S’ usually 
shares a long sequence tag with S if the spectrum is of high quality. 
Therefore, by comparing the de novo sequencing results with the first 
round database search results, many variable PTMs can be 
discovered.
Then, another PEAKS   database is done for the spectra unidentified 
in the first round. However, all the newly discovered variable PTMs 
are turned on, and the search is limited to only the proteins identified 
in the first round.

Round 3.  The de novo sequences of the spectra not identified in the 
first two rounds are used to perform a homology search against the 
identified proteins. The SPIDER module [2] of the PEAKS  Studio 
software is used for the search. This round will pick up more peptides 
that were missing in the first two rounds due to reasons such as 
precursor mass error, database sequence error, and point mutations 
between the studied protein and the database protein.

Results
The method was tested with MS/MS data sets from six protein 
mixture (LC Packings) digested with trypsin and alkylated with 
iodoacetic acid. All spectra were acquired on a LTQ Orbitrap XL.  900 
MS/MS spectra were collected along with 2076 survey scans.
 

Figure 3.  An example multiple round search

Figure 1. Work flow of multiple round search
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Figure 2. Outcome for each round of the searches
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