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Abstract 

In order to separate Escherichia coli proteins we have developed a two-dimensional electrophoresis system. 
For the iso-electric focusing, immobilised pH gradient, dehydrated polyacrylamide gels cast on solid films 
was used as a supporting matrix. Protein complexes are an intrinsic aspect of life in the membrane. 
Knowing which proteins are assembled in these complexes is therefore essential to understanding protein 
function(s). Unfortunately, recent high throughput protein interaction studies have failed to deliver any 
significant information on proteins embedded in the membrane, and many membrane protein complexes 
are poor defined. In this study, we have optimized the SDS-PAGE technique for the study of protein 
complexes of Escherichia coli correlated with 2D-GE. In combination with second dimension SDS-PAGE 
and further on mass spectrometry, we have been able to identify distinct protein complexes. Our reference 
two-dimensional SDS-polyacrylamide gels will facilitate future studies of the assembly and composition of 
E. coli membrane protein complexes during different growth conditions and in different mutant 
backgrounds. 

Keywords: E. coli , SDS-PAGE, 2-D electrophoresis (two dimensional gel electrophoresis), protein-protein 
interactions 
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1. Introduction 

The enteric bacterium Escherichia coli is one of 
the prokaryotic organisms used for producing 
therapeutic and commercially valuable proteins. 
Among the many systems available for protein 
expression, E. coli remains one of the most 
attractive because of an ability to grow on 
inexpensive substrates and to rapidly accumulate 
biomass. Moreover the well-known genetics and 
long history of E. coli as a model system make 
possible further development and manipulation of 
various cloning vectors and mutant host strains. 

Currently, there are four recognized classes of 
enterovirulent E. coli (collectively referred to as 
the EEC group) that cause gastroenteritis in 
humans.  

 

 

Among these are the enterotoxigenic (ETEC) strains, 
eneterohemorrhagic (EHEC) strain designated E. coli 
O157:H7, EPEC defined as E. coli belonging to 
serogroups epidemiologically implicated as 
pathogens, and enteroinvasive (EIEC) strains. E. coli 
are Gram-negative, rod-shaped bacteria belonging the 
family Enterobacteriaceae.  

Source(s) and prevalence of EPEC are controversial 
because foodborne outbreaks are sporadic. Humans, 
bovines, and swine can be infected, and the latter 
often serve as common experimental animal models. 
E. coli are present in the normal gut flora of these 
mammals. The proportion of pathogenic to 
nonpathogenic strains, although the subject of intense 
research, is unknown. 
 

 

http://www.fda.gov/Food/FoodSafety/FoodborneIllness/FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/ucm074156.htm?Gram-Negative=Bacteria
http://www.fda.gov/Food/FoodSafety/FoodborneIllness/FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/ucm074156.htm?Enterobacteriaceae
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Two-dimensional polyacrylamide gel 
electrophoresis (2D PAGE) remains the most 
commonly used method in proteomic analysis. 
Common dyes, which are used for detecting the 
resolved protein spots in most of proteomic 
laboratories, include Coomassie Brilliant Blue 
R250 (CBB-R250), CBB-G250, silver and 
fluorescent stains. The neutral-species molecules 
will bind to protein molecules using hydrophobic 
interactions [3,4]. However, its sensitivity to detect 
protein spots resolved in 2D gels is considerably 
low. 

The most sensitive dye available in almost all of 
basic, molecular, and proteomic laboratories is 
silver stain. Although it offers the highest 
sensitivity (down to low nanogram level [5,6]) its 
use in a proteomic study is limited because of its 
narrow linear-dynamic range [7] and difficulty of 
subsequent MS analysis, particularly when 
glutaraldehyde is used during color developing 
step [8]. 

Two-dimensional electrophoresis (2-DE) is a very 
important means of analyzing protein 
characteristics. O’Farrel first introduced 2-DE 
protein separation in 1975 [9]. A 2-DE gel 
comprises two modes of electrophoretic separation 
performed sequentially based on molecular 
charges as the first direction and molecular 
weights as the second direction. Proteins are 
visualized following separation by staining or 
colorimetric labeling [10]. The resultant 2-DE gel 
image typically contains thousands of protein 
spots. Comparing two or more gel images is of 
priority concern. Such analysis can yield 
considerable information concerning proteins 
associated with different diseases or for new 
unidentified proteins [11]. However, comparison 
by observation is a very labor-intensive task. 
Manually matching a sample sub-image with a 
reference gel image using only bare eyes is 
difficult and time-consuming, especially when 
either test image may be distorted. Fig. 1 presents 
a real example. Ever since the term ‘‘proteome’’ 
was introduced [12], conventional 2-DE gel 
electrophoresis has remained the major method for 
proteome analysis [13,14]. High throughput 
proteomic data generated by 2-DE gel experiments 
require elaborate data handling to ensure 
comprehensive analyses. Increasing amount of 
data increases the complexity of comparing maps 
present in any existing database.  

Several 2-DE gel electrophoresis databases have been 
published in recent times which contain large 
amounts of experimental proteomics data generated 
by various high-throughput methodologies [22]. With 
the rapid increase in the raw proteomics data within 
or between laboratories, it has becoming increasingly 
chal challenging to meaningfully compare the results 
from such large datasets containing numerous 2-DE 
maps. Database management systems, along with 
proficient methods of map comparison, would 
enhance the analyses. 

Two-dimensional gel electrophoresis (2-DE) 
complemented with powerful image analysis 
software, biological mass spectrometry and database 
searching engines made it possible to analyze 
complex protein mixtures extracted from microbial 
cells [15]. 

We have carried out a 2-DE identification of protein–
protein interactions to gain further understanding of 
the E. coli model cell at the system level. Because E. 
coli is one of the best studied organisms, it should 
also be an excellent target for systems biology [16] 
and synthetic biology fields [17] approaches. 

2. Materials and methods 

2.1. Bacterial strains and growth conditions.  

The E. coli strains were obtained from ATCC® 
(Escherichia coli (Migula) Castellani and Chalmers). 
Cells were grown in batch cultures at 370C under 
aerobic conditions in nutrient broth (figures 1 and 2). 

 
Figure 1. E coli cells cultured 

2.2. Protein sample preparation 

Cells were harvested by centrifugation at 40 C (6000 
rpm×15 min) and then washed with two changes of 
40mM Tris buffer (pH 8.0).  



 
 
 

 
Ramona Suharoschi et. al. / Journal of Agroalimentary Processes and Technologies 2010, 16(2) 

 

 
 
 

 
 

 
 

165

Pellets were resuspended in 500 µL of lysis buffer 
(8Murea/4% (w/v) CHAPS/40mM Tris/Protease 
inhibitor cocktail (Roche Diagnostics GmbH, 
Mannheim, Germany)), disrupted by sonication, 
and the cell debris removed by centrifugation at 40 

C (12,000 rpm×60 min). 

 
Figure 2. E coli  cells cultured in nutritive broth 

The protein concentration was measured using a 
Bio-Rad protein assay solution (Hercules, CA, 
U.S.A.) with a standard curve of BSA 
concentrations [2]. The protein samples stored at 
−800 C for SDS-PAGE and 2-DE were 
resuspended in rehydration solution (8M 
urea/0.5% (v/v) Triton X-100/0.005% orange 
G/1% (w/v) DTT/1% (v/v) carrier 
ampholyte/pH3–10/final volume, 320_L). Urea, 
CHAPS, Tris, DTT, orange G, Triton X-100 and 
SDS were purchased from Sigma (St. Louis, MO, 
U.S.A.). 

2.3. SDS-PAGE 

The total proteins extracted were subjected to 
SDS–PAGE [1]. Total protein was dissolved in 
protein loading buffer, steriled for 5 min and then 
run on a 12% stacking gel and 4% resolving gel 
SDS–PAGE as described by [18]. The SDS–PAGE 
gels were stained with Coomassie brilliant blue 
R250 and destained with 40% methanol and 10% 
acetic acid for 3–5 h. Then the gels were dried, 
visualized and photographed on a Densitometer 
(Bio_Rad, Hercules, CA, USA) (fig.3). 

2.4. Densitometry 

The gels were scanned by a scanner and image 
system (Molecular Imager GS-800 Calibrated 
Densitometer, BioRad, Hercules, CA, USA), the 
electrophoresis patterns and densitometry curves 
of the bands were processed with the aid of a 
specific software of Bio-Rad Quantity One. 

2.5. Two-dimensional gel electrophoresis 

The first dimension of 2-DE was performed on a 7 
cm IPG strips and Mini-PROTEAN® 3 Ready Gel 
(Bio-Rad, Hercules, CA, USA) at 200C. Linear IPG 
(immobilized pH gradient) gel strips (pH 4–7) were 
rehydrated by placement gelside-down in the 
rehydration solution containing sample proteins in 
the Rehydration/Equilibration Tray and covered with 
mineral oil (Bio-Rad, Hercules, CA, USA) for 12 h. 
Isoelectric focusing of rehydrated protein (45 ug) 
samples was performed at 500V for 2 h, at 1000V for 
30 min, at 2000V for 30 min, at 4000V for 30 min 
and finally maintained at 8000V until 70,000Vh. 

For the second dimension of 2-DE, the IPG gel strips 
were equilibrated for 15 min in equilibration solution 
I [375 mM Tris-HCl, pH 8.8, 6 M urea, 2% SDS, 2% 
DTT], and equilibration solution II [375 mM Tris-
HCl, pH 8.8, 6 M urea, and 2% SDS] (Bio-Rad, 
Hercules, CA, USA for 15 min each at room 
temperature. The second-dimensional separation was 
performed using a Mini-PROTEAN II cell system 
(Bio-Rad) in a cold chamber (400 C) with 12% 
PAGE. SDS-PAGE was performed at 30 mA/gel for 
50 minutes until the Bromophenol Blue marker 
reached the end of the gel. Bio-Seif staining and 
washing was performed for 20 min (ReadyPrepTM 2D 
Starter Kit, Bio-Rad, Hercules, CA, USA). Stained 
gels were scanned with a Molecular Imager GS-800 
Calibrated Densitometer (BioRad, Hercules, CA, 
USA), and PDQuest software v 8.0 (BioRad) was 
used for gel image analysis which included 
quantification of spot intensities performed on a 
volume basis (i.e. values were calculated from the 
integration of spot optical intensity over the spot 
area) (figure 3). 

2.6. Bioinformatics analysis 

We perform a bioinformatics analysis using a 
2DBase (2D-PAGE Database of E coli) a proteomics 
database of Escherichia coli which currently consists 
of 1185 protein spots information in which 723 
protein spots were identified and annotated from 12 
gels. The database is a relational database system and 
supports extensive search functions according to 
several fields (accession number, gene id, 
description, author, spot id, pI/MW) (figure 4). We 
have applied an extensive, quick, efficient and easy 
approach to compare various gels by classifying each 
protein spot utilizing a previously published 
classification system for cellular functions of gene 
products of E. coli [19,20].  
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We used a scoring function generated from the 
peak value and normalized quantity of the protein 
spots.  

To study protein-protein interactions we used 
STRING 8.2. STRING is a database of known and 
predicted protein interactions.  

2.7. Statistical analysis 

All experiments were performed in triplicate. 
Statistical analyses were performed by using SPSS 
computer software (version 16) and GraphPad 
Prism version 3.00 for Windows, GraphPad 
Software, (San Diego California, USA, 
www.graphpad.com). 

3. Results and Discussion 

3.1. SDS-PAGE of total proteins of E coli 

 

 
Figure 3. 2D electropherograms of E coli (red) vs  

Staphylococcus aureus (green) total proteins 

 

 
Figure 4. 12% T SDS-PAGE of total proteins of E coli 
(lane 3 and 4) and Staphyloccocus aureus (lane 1 and 2) 

from pure culture cells 

SDS–PAGE analysis demonstrated that total proteins 
of E coli  were efficiently and inducibly expressed in 
an inclusion body form and could dissolve in 6 M 
urea. The molecular weights (MW) of the fused 
proteins were shown to be approximately 20.7 kDa, 
as expected (Figures 3 and 4). 

 
Figure 5. 2-D GE of total protein of E. coli. The gel show 

molecular weights (Mr) and isoelectric points (pI) of 
samples. The samples were separated using IPG strip pH 

4-7 in the first dimension and SDS-PAGE 2-D 
homogenous 12%T in the second dimension. Apparent 

molecular weight (Mr, logarithmic scale) and pI are 
indicated on the vertical and horizontal axes, respectively. 

Through 2-DE, we were able to investigate the E. 
coli proteome profile. Compared to the other E coli 
2-DE maps, the total number of soluble proteins was 
approximately the same. It is interesting to note a 
nearly 1.5-fold increase in the expression level (i.e. 
intensity of the protein spot estimated through the 
analysis of 2-DE gel image) of an identified protein 
P0A9G6 (pI 5.16 and MW 47 kDa) was present in all 
2-DE gels (Figure 6, 7 & 8). 

3.3. Protein structure, function and protein-protein 
interaction 

We identify the protein P0A9G6 (1 IGW) name as 
Isocitrate Lyase from the A219C mutant of 
Escherichia coli, with pI of 5.16 and molecular 
weight of 47522 Da. This protein is known as 
ACEA-ECOLI, and quaternary structure is presented 
in the figure 7. Isocitrate lyase catalyses the first 
committed step in this pathway and the structure of 
this tetrameric enzyme from Escherichia coli has 
been determined at 2.1 A resolution. E. coli isocitrate 
lyase, like the enzyme from other prokaryotes, is 
located in the cytoplasm, whereas in plants, protozoa, 
algae and fungi this enzyme is found localized in 
glyoxysomes. Comparison of the structure of the 
prokaryotic isocitrate lyase with that from the 
eukaryote Aspergillus nidulans reveals a different 
domain structure following the deletion of 
approximately 100 residues from the larger 
eukaryotic enzyme.  

http://www.graphpad.com/
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Despite this, the active sites of the prokaryotic and 
eukaryotic enzymes are very closely related, 
including the apparent disorder of two equivalent 
segments of the protein that are known to be 
involved in a conformational change as part of the 
enzyme's catalytic cycle [21]. 

 

 

 

Figure 8. Crystal Structure of the Isocitrate Lyase from 
the A219C mutant of Escherichia coli – backbone 

structure (adapted from PDB) 

 

Figure 6.  Crystal Structure of the Isocitrate Lyase from 
the A219C mutant of Escherichia coli (adapted from 

PDB) 

 
Figure 9. STRING Predicted Functional Partners of 

Isocytrate lyase (E coli) (adapted from STRING) 

  
Figure 7. Crystal Structure of the Isocitrate Lyase from 

the A219C mutant of Escherichia coli – rockets 
structure (adapted from PDB) 

Figure 10. Coexpression Diagram in E coli K12 and other 
species (adapted from STRING) 

 
Table 1. Predicted Functional Paterns of Isocytrate lyase (434 aa) (adapted from STRING) 
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We identify and analyse the protein-protein 
interactions of isocytrate lyase (table 1). The 
predicted functional partners identify 10 
neighbourhood proteins displayed. 

4. Conclusion 

This work has two principal contributions. First 
our data indicate that the two-dimensional system 
is applicable to the analysis of the E coli proteome 
profile and, probably to other minority membrane 
proteins, provided that an appropriate detection 
method is available.  

Second we could employ a bioinformatic analysis 
in order to investigate the identified protein 
structure and functions as well as the protein-
protein interactions which could give a better view 
of the bacteria pathogenic mechanism.  
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