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Web Based Theoretical Protein pI, MW and 2DE Map

Abstract

The genomic projects have provided a far wide amount of information that still requires be analyzing and

interpreting. That would be impossible to be done without the development of well adapted computational tools

that might help the analysis of these data we have collected so far. Due to the need for analyzing proteomes we

developed a tool, implemented through the CGI that can simulate the two-dimensional electrophoresis from a

whole genome.
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Introduction

The proteomics field aims to identify proteins and quan-

tify their presence in a cell or tissue (Wilkins et al., 1998).

Two-dimensional electrophoresis (2DE) is one of the most

used techniques in proteomics. It enables one to separate

complex mixtures of proteins according to their molecular

weight (MW) and isoelectric point (pI), resulting in an ex-

perimental map where spots represent proteins (Williams

and Hochstrasser, 1997).

It is possible to implement the algorithms to calculate pro-

tein pI and MW (Bjellqvist et al., 1993) and it can be used

in the theoretical computation of these properties from the

available amino-acid sequences. Prior knowledge of pI and

MW values of proteins are valuable information that can

direct proteomic experiments. These values are also used

as a characteristic of proteins under study and/or used for

protein identification.

There are tools that have already been performing such

kind of calculation on the Internet (Hiller et al., 2003;

Gasteiger et al., 2005). One of them, the ExPASy Server

tool for computing pI and MW properties from amino-acid

sequences, ‘Compute pI/MW Tool’ (http://www.expasy.org/

tools/pi_tool.html; Gasteiger et al., 2005) is classically em-

ployed for this purpose. It enables submission of one amino-

acid sequence or a list of Swiss-Prot/TrEMBL ID entries

from which pI/MW theoretical values will be computed.

Nevertheless, it is not possible to submit a user-defined

FASTA file, making it difficult for the end-user to compute

pI/WM for a large dataset of user sequences or sequences

from which it is not yet known their Swiss-Prot/TrEMBL

ID values.

Due to the Open Reading Frames (ORF) availability from

whole genomes, if such algorithms are used for calculation
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of pI and MW from a list of proteins it can also be used to

represent graphically the electrophoresis in two dimensions,

as a theoretical 2DE map, showing spots for each proteins

according to their pI and MW. It is done in JVirGel tool

(http://www.jvirgel.de; Hiller et al., 2003). JVirGel has many

features for visualizing a virtual, or theoretical, 2DE gel that

can also be constructed from user submitted FASTA file. It

lacks an easy interface for simple retrieving computed pI/

MW values and other properties, like amino-acid composi-

tion table. Both sited tools do not enable the customization

of constant parameters used for computing pI values, which

would be an interesting feature for biologists with specific

applications.

Here we present a pI/MW prediction tool available through

a web site that enables the construction of theoretical 2DE

maps using user submitted data in a FASTA file. It is fo-

cused on simplicity for retrieving computed values and

customization of parameters for pI computation.

Program Overview

The first step for using pI/MW prediction tool is filling a

web form where sequence data and configuration param-

eters are specified. The FASTA format (http://

www.ncbi.nlm.nih.gov/blast/fasta.shtml, Feb-2009) is ex-

pected for submitted sequences, so that one can submit an

entire file with potentially thousands of amino-acid se-

quences. Submission of few sequences, even a single one,

is also allowed. The submitted data and specified param-

eters are processed and a resulting web page shows com-

puted properties and amino-acid composition table, as in the

example shown in Figure 1.

The initial web form is also used to select the categories

of the desired information to be shown in  the resulting re-

port, such as ORF identification (present in FASTA file),

the amino-acid sequence of individual ORFs and amino-

acid composition table. Another feature is the results exhi-

bition in a raw text, in opposite to the ordinary web pages

— the output is suitable for exporting the results to other

programs like spreadsheet and databases managers.

The theoretical 2DE Map, can be plotted or not, depend-

ing on the user preferences. Otherwise, if the map is dis-

played, one can change the map’s default scale. Figure 2

Figure 1: The resulting page shows information about submitted sequences like pI, MW, amino-acid sequence, amino-acid

composition.
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shows a theoretical 2DE map for the 2,830 ORFs from

Xylella fastidiosa’s proteome as an example. Once the pI

calculation is influenced by nine pK numerical values, the

initial form also enables one to type pK values other than

the default ones. The pK values are used by the pI calcula-

tion software component leading to a customizable calcula-

tion.

The computed values of pI and MW are not significantly

different from the ones computed with other tools (data not

shown). However, the experimental conditions have to be

observed when computing these theoretical values. The

presence of posttranslational modification in proteins struc-

ture or the not exposure of all charged residues to the me-

dium, due to e.g. conformational 3D protein folding, are fac-

tors that would impact in great differences when compar-

ing experimental and computed values for the considered

properties.

Design

The pI/MW prediction and theoretical 2DE Map tools were

implemented in Perl language and use CGI (Common Gate-

way Interface) in order to be available on the Internet. The

theoretical 2DE map returned is a GIF image plotted as

graphic with pI and MW identified as the coordinated axes.

For GIF file generation, FLY (http://martin.gleeson.com/fly)

program was employed.

For computing molecular weight (MW) of an individual

amino-acid sequence we employ Equation 1, which is the

sum of the molecular weight of each amino-acid residue i in

the considered sequence. The amount of each of 20 com-

mon amino-acids is expressed as n
i
. As amino-acid resi-

dues molecular weight (MW
i
) is the weight of single mono-

mers that make up the pepidict sequence, formed after the

pepedict chemical reaction in which one water molecule is

Figure 2: Theoretical 2DE map created by the pI/MW prediction tool. Sequences from the 2,830 ORFs from Xylella

fastidiosa’s proteome were used. Each red dot represents a spot of a protein which sequence was submitted.
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lost, we need to add the molecular weight of a water mol-

ecule (MW
H2O

), in Equation 1, in order to preserve the ac-

tual sum of weights of termini amino-acids.

Property pI is computed by finding the value of pH that is

the root of Equation 2, which is the theoretical net charge of

an amino-acid sequence in a given pH (Bjellqvist et al.,

1993). Equation 2 assumes that all charged residues in a

peptide of protein are exposed to the medium, so that they

can be found in a protonated or deprotonated state depend-

ing on the medium pH. The amount of each basic or acid

amino-acid present in the sequence, Nb
i
 and Na

i
 respec-

tively, and their dissociation constants pKb
i
 and pKa

i
, re-

spectively, are considered for computing the pI value. As

the amine or carboxyl groups in terminal ends of a protein

sequence can also be charged, constants pKb
i
, for N-ter-

mini, and pKa
i
, for C-termini, are also considered in Equa-

tion 2, and their values vary according to which amino-acid

is present in the C- and N-termini. Default dissociation con-

stants are taken from (Bjellqvist et al., 1993).

Discussion & Conclusion

The presented tool was designed to perform a high

throughput analysis on pI and MW from a FASTA file. It

has also a flexible and customizable interface, which per-

mits the construction of theoretical 2DE Electrophoresis

Maps and compare than with reference maps. The report

page is also customizable depending on the pK values set

and the desired information on it. Its format can be easily

imported to spreadsheets and databases.

Users can benefit from a a simple interface that directly

combines, in the results pages, information that would re-

quire one of: laborious submission of individual sequences

and manual work for organizing results or computer pro-

gramming skills for creating customized programs.
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