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ABSTRACT

We developed JVirGel, a collection of tools for the
simulation and analysis of proteomics data. The
software creates and visualizes virtual two-dimen-
sional (2D) protein gels based on the migration
behaviour of proteins in dependence of their theore-
tical molecular weights in combination with their
calculated isoelectric points. The utilization of all
proteins of an organism of interest deduced from
genes of the corresponding genome project in
combination with the elimination of obvious mem-
brane proteins permits the creation of an optimized
calculated proteome map. The electrophoretic
separation behaviour of single proteins is accessible
interactively in a JavaTM applet (small application in
a web browser) by selecting a pI/MW range and an
electrophoretic timescale of interest. The calculated
pattern of protein spots helps to identify unknown
proteins and to localize known proteins during
experimental proteomics approaches. Differences
between the experimentally observed and the calcu-
lated migration behaviour of certain proteins provide
first indications for potential protein modification
events. When possible, the protein spots are directly
linked via a mouse click to the public databases
SWISS-PROT and PRODORIC. Additionally, we pro-
vide tools for the serial calculation and visualization
of specific protein properties like pH dependent
charge curves and hydrophobicity profiles. These
values are helpful for the rational establishment of
protein purification procedures. The proteomics
tools are available on the World Wide Web at http://
prodoric.tu-bs.de/proteomics.php.

INTRODUCTION

Two-dimensional polyacrylamide gel electrophoresis (2D
PAGE) is currently one of the most comprehensive techniques

for separating thousands of proteins simultaneously with high
reproducibility. The completion of numerous genome sequen-
cing projects offers the rapid identification of these protein
spots via N-terminal amino acid sequence determination or
mass spectrometry in combination with peptide mass finger-
printing (1). The complex pattern of protein spots usually
observed is mainly the result of the individual separation
behaviour of each protein dependent on its unique molecular
weight (MW) and isoelectric point (pI). However, the degree of
visibility of individual proteins of the pattern relies on their
cellular concentration, the amount of closely separating
proteins and the separation quality of the chosen pH/MW-
range of the employed electrophoretic system. Calculation of
the theoretical MW and the pI from the amino acid
composition of a protein (2,3), in combination with the
physical principles of the employed electrophoretic separation
procedures, allows determination of the approximate position
of protein spots during 2D PAGE. After determination of these
two parameters it is possible to construct and visualize a virtual
2D gel. This may serve both as a reference map for protein
spot identification and for the choice of the optimal pH
gradient in order to characterize proteins of interest.

Users are asked to cite this article when publishing results
which have been obtained with the tools described here.

MATERIALS AND METHODS

The World Wide Web server for the JVirGel tool is Apache 2.0
(http://www.apache.org) on a Linux SuSE 8.0 operating
system (http://www.suse.com). The web interface and parts
of the calculations were programmed by use of PHP 4.3
technology (http://www.php.net). The graphical output for
charge curves and hydrophobicity profiles was realized with
PHP and the GD library module (http://www.boutell.com/gd).
The virtual two-dimensional (2D) gel applet was developed
with JavaTM SDK 1.4 (http://java.sun.com).

Theoretical pIs and charge curves were calculated according
to Skoog et al. (2). Algorithms and hydropathy index for
calculating hydrophobicity plots were taken from Kyte and
Doolittle (4). Prediction of transmembrane helices was done
using TMHMM 2.0 (5) on the web server (http://
www.cbs.dtu.dk/services/TMHMM). Non-redundant complete
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proteome sets were downloaded from the Proteome Analysis
database (6) at the European Bioinformatics Institute (http://
www.ebi.ac.uk/proteome). 2D-PAGE experiments were per-
formed as described before (7).

DESCRIPTION OF THE WEB INTERFACE AND
TOOLS PROVIDED

The program JVirGel accepts FASTA formatted protein
sequences. There is the choice of either copying and pasting
the amino acid sequence data into a textbox, of uploading a
FASTA file or selecting a whole proteome out of a selection
list. Currently six prokaryotic (Bacillus subtilis, Escherichia
coli, Helicobacter pylori, Listeria monocytogenes,
Pseudomonas aeruginosa and Staphylococcus aureus) and
six eukaryotic (Arabidopsis thaliana, Caenorhabditis elegans,
Drosophila melanogaster, Homo sapiens, Mus musculus and
Saccharomyces cerevisiae) proteomes are accessible. When
selecting a whole proteome, it is possible to filter out potential
membrane proteins. After selection of the protein sequences,
the program offers three different analytical modes: (a) a
virtual 2D gel as JavaTM applet; (b) a virtual 2D gel as
clickable HTML document; and (c) a serial calculation of MW,
pI, pH-dependent charge curves and hydrophobicity profiles.

The first mode (a) is the default selection of the software
package and starts the applet embedded in a web page. For this
feature it is necessary that a JavaTM runtime environment 1.3 or
1.4 is installed on the operating system. The applet was
successfully tested for Windows, Linux and MacOS X
platforms using Netscape 4.7–7.0, Internet Explorer 5.0–6.0
and Opera 7. Please note, that some older browser versions,
such as Netscape 4.7, may have problems in some environ-
ments. After starting the applet, all imported proteins are listed
on the left-hand side of the screen. On the right-hand side a
graphical view of the virtual gel is shown (Fig. 1). Using the
slider function, it is possible to change the timescale for the
electrophoresis of the gel dynamically. This allows the distinct
resolution of various regions of the gel for the detection of very

small proteins or the resolution of high molecular weight
proteins. In addition the software offers a zooming in and out
function to specifically enlarge pH-/MW-ranges of interest.
Selecting a protein in the list by mouse clicking automatically
tags the corresponding protein on the gel image. Alternatively
clicking on a spot marks the corresponding protein in the list.
These features enable the user to identify an unknown spot and
to estimate the location of selected known proteins on the
virtual gel. Potential membrane proteins, which are usually not
accessible to routinely employed proteomics techniques, were
identified by using TMHMM (5). If a whole preoteome was
selected by the user, it is possible to exclude these proteins
from the virtual gel by choosing the number of predicted
transmembrane domains. Database links to the SWISS-PROT
database (8) and PRODORIC database (9) are provided by a
mouse click on single spots. If user-defined sequences are
pasted or uploaded, database links are searched according to
the given FASTA identifier. PRODORIC offers additional
information about the regulation of the corresponding gene if a
prokaryotic proteome was chosen.

The second mode (b) offers a JavaTM-independent version of
a virtual 2D gel, which is not dynamic and limited in function.
However, it even runs in the web browser of every computer
with less capacity.

In the third mode (c), MW, pI, pH-dependent charge curves
and hydrophobicity profiles are calculated and displayed as a
list or graphical output (Fig. 2). Depending on the sequence
input, a huge number of proteins or even whole proteomes can

Figure 1. Screenshot of the virtual 2D protein gel applet. The image shows the
proteome of Escherichia coli in a pH range of 3.0–8.0 U. The Fur (ferric uptake
regulator) protein is marked.

Figure 2. Screenshots of charge curves and hydrophobicity plots of the Fur
(ferric uptake regulator) protein of Escherichia coli.
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be calculated serially. The charge curves for individual proteins
offer information about pH-dependet change of charge which
provides a basis for the establishment of protein purification
protocols via methods like ion-exchange chromatography (10).
Hydrophobicity profiles offer an overview of hydrophobic or
hydrophilic properties of polypeptide chains (4), thus provid-
ing initial clues on protein characteristics such as folding,
solubility or the prediction of transmembrane helices.

ACCURACY OF VIRTUAL 2D GELS

The accuracy of a virtual 2D gel relies on the algorithm used
for the calculation of the theoretical MW and pI. The direct

correlation with experimental data shows some system-
dependent but informative limitations. The calculation of the
molecular weights of denaturated proteins is quite precise
unless the employed gene codes for a native protein with a
signal peptide. However, the MW of a signal peptide relative to
the MW of the mature protein is in most cases negligible.
The calculation of the pI is based on the charged amino acid
composition of a protein. The algorithm assumes that each
ionizable residue is completely independent of the others.
Therefore, this theoretical approach cannot take into account
any protein-specific differences in the pI of charged amino acid
residues resulting from the interaction with neighbouring
residues. Moreover, the surface exposition of charged amino
acids is not addressed by the used algorithm. Protein
modifications resulting in additional charge, such as a bound
phosphate group, which usually changes the overall pI of a
protein are not included. Usually, the deviation in pIs for these
reasons do not exceed a value of �1 pH unit (2,3).
Nevertheless, reliable pI and MW calculations are achievable
as the comparison of calculated and experimentally obtained
values for 47 randomly selected proteins from P.aeruginosa
shows (Fig. 3 and Supplementary Material).

FUTURE PROSPECTS

We are planning to increase the number of preselected
proteomes in the future. A stand-alone application for
generating virtual 2D protein gels with extended features is
currently being developed and will be published elsewhere.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at NAR Online.
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