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♦ A novel database search algorithm is described that is ideally 
suited for identifying proteins over a wide dynamic range. 

♦ Alternate scanning LC-MS (LC-MSE)1,2 data from a nanoACQUITY 
UPLCTM chromatograph coupled with a Q-Tof Premier™ mass 
spectrometer is utilized in this search algorithm (Fig.1). 

♦ The database search strategy (“Ion Accounting”) is a hierarchal, 
protein-centric search algorithm containing three incrementally 
stringent modules (Fig. 10).  

1. Raw Tryptic Peptide/Protein Identification: Time-resolved 
accurate mass, LC-MSE data is matched directly to a protein 
database to produce multiple, tentative peptide 
identifications. 

2. Stringent Tryptic Peptide/Protein Identification: Stringent 
search criteria mass and intensity-based peptide/protein 
attributes are used to score the peptide/protein 
identifications, above a user-specified false identification 
rate.  

3. Expanded Tryptic Peptide/Protein Identification: A subset 
data base search of the identified proteins is performed to 
increase peptide sequence coverage of the identified 
proteins. The search criteria is also expanded to include 
corresponding in-source fragments, neutral losses (H2O and 
NH3), missed cleavages, and user-specified variable 
modifications (acetylation, phosphorylation, deamidation,...).  
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DATA & DATABASE DATABASE SEARCH 

• A novel, hierarchal protein database search algorithm (“Ion 
Accounting”) has been developed to accommodate multiplexed LC-
MS analysis (LC-MSE) of complex proteins.  

• The algorithm relies on time-resolved (~0.03 min) mass 
measurements of precursors (<10ppm) and fragments (<20ppm) 
obtained from an LC-MSE analysis. Precise time resolution enables 
efficient binning of fragments to each detected precursor. 

• Protein and peptide scoring utilizes the information obtained from 
the quantitative acquisition of each detected precursor and 
fragment.  These attributes include empirically derived peptide and 
protein physical properties. Additional rules such as consecutive 
fragmentation data and fragmentation probabilities are also 
integrated into the scoring of peptides and proteins (Fig. 12-16).  

• The “Ion Accounting” algorithm dictates that each precursor and 
product ion can only be used once for any peptide identification. 

CONCLUSIONS 
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LC-MSE ANALYSIS 
Collision cell cycles between low (MS) 
and elevated (MSE)  energy states. 

Precursors 

Fragments 

Fig. 1. LC-MSE is an alternate-scanning technique, for data-independent acquisition 
of precursors and fragments.1,2 During the MS acquisition, the Q- Tof collision cell is 
held at low potential for precursor ion detection, while in the MSE cycle (multiplex 
fragmentation) the collision cell is at an elevated potential for fragment ion 
detections.  The MS data provides, accurate peptide mass measurements that can 
be used for subsequent quantitation across multiple analyses. The time-resolved 
MSE data represents fragmentation data for all detected precursors. The LC-MSE 
methodology requires that precursors and associated fragments show identical 
chromatographic profiles (Fig. 2). 
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Fig. 3 and Fig. 4, Precursor-Product ion tables are pro-
duced for each detected precursor by time-aligning low 
(precursor) and elevated energy (product) ions within a 
retention time tolerance (~10% FWHM) of the chroma-
tographic peak. 
Fig. 5, Peptide-Fragment tables are produce in silico 
from protein FASTA database. 

 ,
2 5
Pr ,

( , sec , ,

pepNumBYMatchEffectivepepScore
pepNumAAcid

pepNumBYMatchEffectivefragobpepNumBYMatchEffectiveInit
pepNumBYMatchEffectiveInit

fpepNumBYMatchnumContiveBYMatchnumComplementaryBYMatchnumVa

=
⋅ −

= •
=

).lidBYLoss

SEARCH ALGORITHM RESULT 
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Fig. 6.  Each detected precursor can produce matches to multi-
ple peptide sequences in the database at 10 ppm mass accu-
racy. The “Ion Accounting” search strategy dictates that detected 
precursor and product mass measurements be used for the vali-
dation of a single peptide.  A single mass measurement can 
not be used to validate multiple peptides (Fig 10-11). 
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