
 
Separation of Ion Types in Tandem Mass Spectrometry Data Interpretation 

-- A Graph-Theoretic Approach  
(Extended Abstract) 

 
 

Bo Yan1 2#, Chongle Pan2 4#, Victor N Olman1 2, Robert L Hettich3, Ying Xu1 2* 
1 Department of Biochemical and Molecular Biology, University of Georgia, GA, USA 

2 Computational Biology Institute, 3 Chemical Sciences Division, Oak Ridge National Laboratory, 
TN, USA 

4 Genome Science and Technology Graduate School, University of Tennessee, TN, USA 
#Both authors contributed equally to this work 

*Corresponding E-mail: xyn@bmb.uga.edu
 
 

Abstract 
 

Mass spectrometry is one of the most popular 
analytical techniques for identification of individual 
proteins in a protein mixture, one of the basic 
problems in proteomics. It identifies a protein through 
identifying its unique mass spectral pattern. While the 
problem is theoretically solvable, it remains a 
challenging problem computationally. One of the key 
challenges comes from the difficulty in distinguishing 
the N- and C-terminus ions, mostly b- and y-ions 
respectively. In this paper, we present a graph 
algorithm for solving the problem of separating b- 
from y-ions in a set of mass spectra. We represent each 
spectral peak as a node and consider two types of 
edges: a type-1 edge connects two peaks possibly of the 
same ion types and a type-2 edge connects two peaks 
possibly of different ion types, predicted based on local 
information. The ion-separation problem is then 
formulated and solved as a graph partition problem, 
which is to partition the graph into three subgraphs, 
namely b-, y-ions and others respectively, so to 
maximize the total weight of type-1 edges while 
minimizing the total weight of type-2 edges within each 
subgraph. We have developed a dynamic programming 
algorithm for rigorously solving this graph partition 
problem and implemented it as a computer program 
PRIME. We have tested PRIME on 18 data sets of high 
accurate FT-ICR tandem mass spectra and found that 
it achieved ~90% accuracy for separation of b- and y-
ions.  
 
 
1. Introduction 
 

Tandem mass spectrometry has become a 
dominant proteomics technique because of its ability to 
identify proteins in a high-throughput manner [1]. In a 
typical LC/MS/MS experiment, a protein mixture of 
interest is digested by protease into peptides and then 
separated by high performance liquid chromatography 
(HPLC). When eluted from HPLC column, peptides 
are transformed to gas-phase positively-charged ions 
by electrospray and then introduced into mass 
spectrometer in batches. After measuring the 
mass/charge ratio (m/z) of all ions, mass spectrometry 
can precisely isolate each peptide by its m/z and 
fragment the peptide through collisional-induced 
dissociation (CID) into two complementary sets of 
pieces, namely N- and C-terminus ions respectively. 
The resultant fragments from this peptide are then 
measured for their m/z ratios. This process involves 
two sequential measurements of m/z for a peptide, thus 
called tandem mass spectrometry (MS/MS) experiment. 
Modern mass spectrometers can acquire thousands of 
high-resolution MS/MS spectra per day. Interpretation 
of such high-throughput mass spectral data, in a 
reliable and efficient manner, represents a highly 
challenging computational problem. 

There are two popular approaches to interpretation 
of tandem mass spectra for protein identification. The 
database search method compares experimental 
tandem spectra with theoretical tandem mass spectra of 
each peptide derived from protein sequence databases, 
and reports the best match or matches [2-6], assuming 
that the query peptides exist in the protein sequence 
database. This approach is highly effective and has 
been used successfully in several proteomics projects 
on organisms with well-studied genome [7-9]. 
However, it is not applicable to situations where a 
target sequence is not in the searching protein database. 
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