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Abstract 
 

Mass spectrometers are tools in the field of proteomics, which studies proteins.  Each mass spectrometer 
manufacturer uses its individual data format and software tools, making the creation of additional software 
tools and databases difficult and incompatible with one another.  The Mass Spectrum I/O Project (MSIOP) 
was developed by the authors of this paper to addresses this problem, allowing for storage and analysis of 
mass spectrometer data from multiple manufacturers across various platforms while providing a framework 
upon which mass spectrometry software tools can be constructed. 
Keywords: Proteomics, Mass Spectrometry, mzXML, Parallel Computing, Grid Computing, Grid 
Technology. 
 
1. Introduction 
 
Mass spectrometers are used in proteomics, the study of proteins, to determine the mass and abundance of 
the various amino acids that comprise a particular peptide or protein.  The basic operation of a mass 
spectrometer involves placing a sample in the inlet, ionizing the sample, separating the ionized sample 
using methods such as electromagnetic fields, and detecting the separated particles [4].  There are various 
types of mass spectrometers such as matrix-assisted laser desorption/ionization (MALDI), and electrospray 
ionization (ESI), each of which takes a different approach to ionizing and separating the particles that 
comprise a sample.  Each type of mass spectrometer is best suited for particular tasks as each method of 
ionization and detection has its own advantages and disadvantages.  Regardless of the specifics of the mass 
spectrometer(s), there is a fundamental problem of incompatible data formats, and a lack of infrastructure 
to handle mass spectrometry data.  The Mass Spectrum I/O Project (MSIOP) was designed to address this 
problem, allowing for the use of data from a multitude of mass spectrometers, while providing a sound 
infrastructure that includes input, output, and data type conversion, upon which mass spectrometry tools 
can be built. 
 
1.1 mass spectrometry 
 
Proteomics research is often done using a mass spectrometer, which is composed of the following seven 
major components.  These are the sample inlet, ion source, mass analyzer, a detector, a vacuum system, 
instrument control system, and finally, the data system [4].  Although all of the components of a mass 



 2097

spectrometer are important, the first three of these tend to determine the major attributes of the mass 
spectrometer [4] and are shown in figure 1. 
 

 
 

Figure 1. Basic mass Spectrometer Components 
 
Although detailed information about the specific operation of the ion source and mass analyzer is beyond 
the scope of this paper, it shall be mentioned that differences in these components can affect the results that 
a mass spectrometer can generate.  For example, MALDI ionization produces only singly charged ions, 
while other ionization methods can produce multiply charged ions, drastically affecting the data output as a 
doubly charged ion has twice the charge to mass ratio as an equally massive, singly charged ion.  These 
differences, coupled with the wide variety of data formats, lead to difficulties when creating software that 
can interpret data from the various formats.  To overcome these problems, the MSIOP stores meta-data, 
which includes information such as the researcher’s name, the type of mass spectrometer used, and many 
other fields about the mass spectrometry run and the instrument that it was conducted on, allowing for 
adjustments to be made by analysis tools, based on the mass spectrometer type. 
 
2. Problem 
 
The utility of mass spectrometers is hindered by a variety of incompatible data formats [Figure 2].  These 
incompatibilities force researchers to use the software tools bundled with each mass spectrometer [1].  This 
also complicates database construction and makes comparisons between results obtained from mass 
spectrometers difficult as different software packages interpret the data differently.  Additionally, support 
for various computer platforms such as Linux and Solaris is lacking, while the closed-source nature of the 
manufacturers’ software tools limits the ability of users to modify the source code of these tools to suit their 
individual needs. 
   The Mass Spectrum I/O Project (MSIOP) seeks to solve these problems by providing an open source 
means of converting data files from various mass spectrometer manufacturers into mzXML, a standardized 
file format for mass spectrometry data, and a framework upon which mass spectrometry tools can be built 
[5].  MzXML is further explained in section 3.1.  To ensure cross-platform compatibility, the Cactus 
framework and C programming are used.  The Cactus framework is detailed in section 3.2   
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Figure 2. Mass Spectrometer Manufactures and their respective Data Formats 
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3.1 mzXML 
 
MzXML is an XML based format for the storage of mass spectrometry data.  This open and extendable 
format is designed to be easy to implement and feature rich. Since it is based on XML, mzXML can be 
extended to suit future needs.  Figure 3 shows a small sample of mass spectrometry data in the mzXML 
format [6]. 
 

 
  <msManufacturer category="msManufacturer" value="ThermoFinnigan" />  
  <msModel category="msModel" value="LCQ Deca" />  
  <msIonisation category="msIonisation" value="ESI" />  
  <msMassAnalyzer category="msMassAnalyzer" value="Ion Trap" />  
  <msDetector category="msDetector" value="EMT" />  
  <software type="acquisition" name="Xcalibur" version="1.3 alpha 6" />  

  </msInstrument> 
  <dataProcessing centroided="1"> 
  <software type="conversion" name="Thermo2mzXML" version="1" />  

  </dataProcessing> 
  <scan num="1" msLevel="1" peaksCount="780" polarity="+"   lowMz="400" 

highMz="1800" basePeakMz="1727.36" basePeakIntensity="6.727e+007" 
totIonCurrent="5.90564e+008"> 

 
Figure 3. Example of Data in the mzXML format 

 
3.2 cactus framework 
 
A high priority for the MSIOP is cross-platform portability which is responsible for the use of the Cactus 
framework.  The Cactus framework allows for cross platform portability by replacing data types that vary 
by platform with Cactus variables that maintain their properties regardless of hardware architecture or 
software environment [2].  Another major benefit of the Cactus framework is that the user is able to quickly 
and easily change the program parameters on-the-fly, such as changing from reading in one file format to 
another file format without the need to recompile the program.  This is done by activating or deactivating 
individual modules of code.  
 
3.3 structure of the MSIOP 
 
The MSIOP consists of several code modules.  Although some modules used by the MSIOP project are 
stand-alone, most depend on one or more additional modules to provide data types and functions.  These 
modules and their specific functions are detailed below. 
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3.4 spectrum object 

 
 
The MSIOP contains three substructures that are used to store the various data fields as defined by mzXML 
[6].  These are Accession Record, Mass Spectrum, and Mass Intensity Pair, shown in Figure 4.  Accession 
Record is used to store meta data about the mass spectrometer run that was performed, ranging from the 
email address of the operator, to the manufacturer and model number of the mass spectrometer itself.  
Accession Records have Mass Spectrum children, which contain data including whether the data have been 
manually verified by a researcher, or if they have been centroided.  As an Accession Record has one or 
more child Mass Spectra, Mass Spectrum has one or more Mass Intensity Pair record as children.  Mass 
Intensity Pair contain a mass and an intensity that represent a peak in the mass spectrometer output.  This 
structure is shown in Figure 4. 
 
3.5 input/output 
 
Input and output within the MSIOP are handled by the input/output modules.  These are responsible for 
both parsing data files from various manufacturers and storing the values in a Spectrum Object; they are 
also used for writing the contents of a Spectrum Object to an mzXML file.  Cactus allows the user to select 
which modules are activated at runtime, increasing code modularity by allowing the individual I/O modules 
to be modified or replaced without requiring changes to other sections of code.  The structure of the I/O 
portion of the MSIOP is diagrammed in Figure 5. 
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Figure 4 Structure of the MSIOP
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Figure 5. Structure of the Input and Output Modules in the MSIOP 

 
 
4. Result  
 
The MSIOP is currently utilized by several tools, including an open source De Novo sequencing tool, a 
computer program, which attempts to determine a protein’s amino acid sequence from the recorded mass 
spectrum.  Another tool named Spectral Match is a sequence database searching and matching program, 
shown in Figure 6.  These programs and the other programs that will be developed take advantage of the 
flexible, portable nature of the MSIOP, allowing their developers access to a robust infrastructure, while 
minimizing the need to focus on input and output. 
 
5. Discussion 
 
The MSIOP is intended to be utilized by researchers and programmers requiring I/O and a ready-made data 
structure for mass spectrometer data in either the numerous incompatible formats used by mass 
spectrometer manufacturers, or the mzXML standard.  The ability to convert these proprietary data files 
into mzXML allows developers to focus on the functionality of their software instead of concerning 
themselves with I/O and file conversions.  In addition, the structures used in the MSIOP are designed to be 
used as an infrastructure upon which other mass spectrometry tools can be constructed.  Due to the 
MSIOP’s modular nature, new sections of code can be integrated with ease when the need to read 
additional types of mass spectrometer data arises.  This same modularity, combined with the freely 
available source code, allows users to modify the MSIOP to better suit their specific needs.  Figure 6 shows 
the MSIOP and its relationship with bioinformatics tools. 
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I/O Module 
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Figure 6. Interoperation of MSIOP with other mass spectrometry software 
 
6. Further Work 
 
Having created a foundation for the storage and I/O of mass spectrometry data, the next step will be to 
implement the MSIOP into additional programs that will perform analysis of mass spectrometry data.  A 
data management system is currently being designed that will make use of the MSIOP for I/O and as a 
translation layer between the database and the various analysis tools. Furthermore, a foundation upon 
which these tools will be built, such as the De Novo sequencing and sequence database searching and 
matching programs.  As the need arises, new I/O modules will be added, allowing the MSIOP to read and 
write additional file types. 
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