
 
 

www.aladdin-e.com 
 

Two-Dimensional Electrophoresis 
 
 
About This Guide  
This guide describes the experimental methods 
and tools used in 2-Delectrophoresis and 
proteomics research. It provides background 
information about technologies common to all 
proteomics studies as well as protocols and 
advice you can use as a starting point for your 
studies. This guide also explain show 
experimental conditions can be varied and 
interpreted to optimize your results and provides 
an extensive set of references that you can 
consult for more information. Since each sample, 
experimental approach, and objective is different, 
this guide offers ideas for developing customized 
protocols suitable for the analysis of your 
samples. 
 
The Context of Proteomics 
Proteome analysis (proteomics) is the 
comprehensive analysis of proteins present in a 
sample and representing a particular 
physiological state at a particular point in time. 
The aim of proteomics is to determine the 
presence, relative abundance, and 
posttranslational modification state of a large 
fraction of the proteins in a sample (Wilkins et al. 
1996).Since proteins are directly involved in 
cellular structure, regulation, and metabolism, 
proteomics can often yield a more informative 
and accurate picture of the state of a living cell 
than can analysis of the genome or mRNA. One 
of the greatest challenges of proteome analysisis 
the reproducible separation of complex protein 
mixtures while retaining both qualitative and 
quantitative relationships. Many combinations of 
techniques can be used to separate and analyze 
proteins, but two-dimensional (2-D) 
electrophoresisis uniquely powerful in its ability to 
separate hundreds to thousands of products 
simultaneously (Choe andLee 2000). 
 

This technique uses two different electrophoretic 
separations, isoelectric focusing (IEF)and SDS-
PAGE, to separate proteins according to their 
isoelectric point (pI) and molecular weight. The 
identities of individual protein spots from the gel 
can then be identified by mass spectrometry 
(MS)of their tryptic peptides. Together with 
computer assisted image evaluation systems for 
comprehensive qualitative and quantitative 
examination of proteomes, proteome analysis 
also allows cataloguing and comparison of data 
among groups of researchers. 
 
Other common methods of proteome analysis 
involvethe proteolytic digestion of sample 
proteins and the chromatographic separation of 
the resulting peptides coupled directly to mass 
spectrometric analysis. Peptides are identified by 
referencing a database, and their proteins of 
origin are inferred. While these methods are 
largely automatable and provide an impressive 
depth of proteome coverage, some information is 
lost when analyzing protein fragments instead of 
intact proteins. 
 
The 2-D electrophoresis approach maintains 
proteins in their intact states and enables the 
study of isoform distribution, which is not 
possible if the sample is proteolytically digested 
prior to separation. Since proteins can be 
selected through image analysis, mass 
spectrometry need be applied only to the proteins 
of interest. This is an important consideration 
when access to instrumentation or the expense 
of mass spectrometric analysis is a limitation. 
The suitability of 2-D electrophoresis to 
proteomean alysis is clear, but its applications
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also extend to biomarker detection, development 
of drug and other therapies, and optimization and 
development of protein purification strategies 
 
Overview of Experimental Design 
The general workflow in a 2-D electrophoresis 
experiment (Figure 1.1) and some of the factors 
affecting the way the experiment is performed are 
outlined next 
 

           

 
 

 2-D Electrophoresis Workflow 
 

Sample Preparation 
 
 

Prepare the protein at a concentration and in a solution suitable 
for IEF. Choose a method that maintains the native charge, 

solubility, and relative abundance of proteins of interest. 
 

 
 
 
 

First-Dimension Separation: IEF 
 
 

Separate proteins according to pI by IEF. Select the appropriate IPG 
strip length and pH gradient for the desired resolution and sample 

load. Select appropriate sample loading and separation conditions. 
 

 
 
 
 

Second-Dimension Separation: SDS-PAGE 
 
 

Separate proteins according to size by SDS-PAGE. 
Select the appropriate gel size and composition 

and separation conditions. 
 

 
 
 
 

Detection 
 

Visualize proteins using either a total protein stain or fluorescent 
protein tags. Select a staining technique that matches 

sensitivity requirements and available imaging equipment. 
 
 
 
 

Image Acquisition and Analysis 
 

Capture digital images of the 2-D protein patterns 
using appropriate imaging equipment and software. 

Then analyze the patterns using 2-D analysis software. 
 
 
 
 

Protein Excision, Digestion, and Identification 
 

Excise protein spots of interest from the gel, 
digest the proteins, and analyze the digests by MS. 

 

 
                                      Fig. 1.1. General workflow for a 2-D experiment.

 

Sample Preparation 
Effective sample preparation is key for the success of 
the experiment. The sample dictates the type of 
extraction technique used, and the solubility, charge, 
and pI of the proteins of interest affect the method of 
solubilization. The protein fraction used for 2-D 
electrophoresis must be solubilized in a denaturing 
solution of low ionic strength; this solution cannot 
contain components that alter protein size or charge. 
Sample preparation also involves optional steps to 
deplete abundant proteins, reduce the complexity of 
the protein mixture, or select a subproteome of 
interest. Details and recommendations for sample 
preparation can be found in Chapter 2. 
 
First-Dimension Separation: IEF 
In 2-D electrophoresis, the first-dimension separation 
step is IEF. Proteins are separated electrophoretically 
on the basis of their pI, the pH at which a protein 
carries no net charge. For general proteome analysis, 
IEF is best performed in an immobilized pH gradient 
 
(IPG) strip and under conditions aimed at completely 
denaturing and solubilizing all the proteins in the 
sample (as opposed to native IEF, which aims to 
preserve native structures and activities). Chapter 3 
discusses IEF. 
 
Second-Dimension  Separation:  SDS-PAGE 
The second-dimension separation step is SDS-
PAGE, where the proteins already separated by IEF 
are further separated by their size. Prior to second-
dimension separation, an equilibration step is applied 
to the IPG strip containing the separated proteins. 
 
This process reduces any disulfide bonds that may 
have re-formed during the first dimension and 
alkylates the resultant sulfhydryl groups. 
Concurrently, the proteins are complexed with SDS 
for separation on the basis of size. Following 
electrophoretic separation on a slab gel, the result is 
a two-dimensional array of separated protein “spots” 
(Figure 1.2). Second- dimension SDS-PAGE is 
discussed in Chapter 4.
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Detection 
Proteins separated in gels are usually not visible to 
the naked eye and must, therefore, be either stained 
or labeled for visualization. Several factors determine 
the best choice of staining method, including desired 
sensitivity, linear range, ease of use, expense, and 
the type of imaging equipment available. There is no 
ideal universal stain. Sometimes proteins are 
detected after transfer to a membrane support by 
western blotting. 
 
These topics are discussed in Chapters 5 and 6. 
Image Acquisition, Analysis, and Spot Cutting The 
ability to collect data in digital form is one of the major 
factors that make 2-D gels a practical means of 
collecting proteome information. It allows the 
unbiased comparison of samples and gels, transfer of 
information among research groups, and cataloguing 
of data. Many types of imaging devices interface with 
software designed specifically to collect, interpret, 
and compare proteomics data. 
 
Once interesting proteins are selected by differential 

analysis or other criteria, the proteins can be excised 
from gels and identified by mass spectrometry. The 
ExQuest spot cutter, which can be operated 
independently or programmed to run from PDQuest 
software, automatically cuts selected protein spots 
from gels with precision and deposits them into the 
wells of microplates. Imaging equipment, software, 
and the ExQuest spot cutter are discussed in Chapter 
6. Protein Digestion and Identification by 
 
Mass Spectrometry 
The excised gel plugs are destained and 
enzymatically digested (usually with trypsin) in 
preparation for identification by mass spectrometry. 
The use of mass spectrometry for precise mass and 
partial sequence determination, coupled with the 
availability of protein sequence databases, has made 
high-throughput protein identification possible. An 
overview of this process is provided in Chapter 7. 
 
For More information on related products, please 
visit www.aladdin-e.com 
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