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Conclusions:
• 2D DIGE technology resulted in detection of 1500 spots with a variance below 15% within technical replicates
• 438 differentially expressed proteins were detected as a result of change in temperature 
• The different temperature and time groups are well separated in the DeCyder 2D EDA analysis
• The expression pattern of the target protein detected with 2D DIGE was confirmed with multiplexed fluorescent Western blotting using ECL Plex
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Introduction
Two-dimensional electrophoresis (2D electrophoresis) is a well established method used 
to study differences in protein expression caused by environmental changes induced by 
for example disease, drug or growth factor treatment etc. The 2D DIGE technology with 
two different samples and an internal standard per gel labelled with CyDye™ DIGE Fluor 
minimal dyes, significantly reduces the required number of gels compared to 
conventional 2D electrophoresis.  The internal standard significantly reduces the gel to 
gel variation and thereby improves statistical validity.
2D DIGE and DeCyder™2D software version 6.5 were used to assess significant 
differential expression as a result of time and temperature changes in transformed  E. 
coli cultures. Temperature and time clustering was shown with DeCyder2D Extended 
data analysis (EDA) module. Proteins with significant variation were identified by mass 
spectrometry using MALDI. The levels of target protein from the 2D DIGE analysis were 
confirmed with fluorescent Western blotting using ECL Plex™.

Results
The quality of the 2D DIGE experiments was demonstrated by a variance below 15% for 
1500 spots within technical replicates (Figure 1). The number of differentially expressed 
proteins in the experiment was 438, at 10-4 level of significance using the t-test 
between the two temperatures (Figure 2). Up/down-regulations, as well as unaffected 
proteins as a result of temperature were detected in the E.coli proteome. In total 130 
proteins, significantly regulated proteins and other proteins of interest, were identified. 
A clear temperature clustering was observed with DeCyder 2D EDA (Figure 3A). A 
majority of the differentially expressed proteins in E coli grown at  20°C were down-
regulated (see Figure 3B), possibly due to the stress reaction induced by lowering the 
temperature from the initial 37°C. The opposite was true for E coli samples grown at 
37°C, a majority of the proteins were up-regulated over time (Figure 3B) . A time 
dependent clustering was most pronounced for the last time points (t4). The t4 20°C 
cultures approached the early time points from the 37°C cultures revealed by DeCyder
2D EDA analysis (Figure 3A). A possible explanation for the t4 20°C approaching the 
early 37°C  time point is that the cultures have adjusted to the low temperature and 
start producing proteins similarly to the  37°C cultures.  The expression pattern of target 
protein (His-GFP) over time analyzed by 2D DIGE (Figure 2D and 2E) was confirmed with 
fluorescent Western blotting using ECL Plex (Figure 4). 

Figure 1. A representative 2D DIGE gel and technical variance. A representative DIGE gel from the experiment of 30 gels 
(60 samples). Two samples (50 µg total protein )labeled with CyTM 3 (green) and Cy5 (red) were run in the same 2D gel 
together with a pooled internal standard labeled with Cy 2 (blue). The yellow color demonstrate Cy 3 and Cy 5 overlay. The 
gels demonstrate high resolution, shown by well separated and round spots. Statistical power was demonstrated with the 
DIGE technique where six technical replicates gave 1500 spots with a variance less than 15%.

Figure 2. Differential expression of proteins over time. E. coli cultures expressing a His-GFP target protein regulated by an 
IPTG sensitive promotor were induced at  20 °C or 37 °C. The differences in the E. coli proteome between the two temperatures 
were studied at five different time points (t0=0 min, t1=15 min, t2=45 min, t3=105 min, t4=285min). Change over time and 
temperature for selected proteins were analysed with DeCyder 2D software,  illustrated by four example proteins (panels A-D). 
(A)Galactitol-1-phosphate dehydrogenase, (B)Adenosylosuccinate, (C)Betagalactosidase, (D)GFP.  Panel E illustrates an 
increase in GFP levels at three time points for a 20 °C sample.

Figure 3. PCA hieratically clustering analysis with DeCyder 2D EDA of differentially 
expressed proteins. The different temperature and time groups are well separated in the 
DeCyder 2D EDA analysis, indicated by blue and red circles. The EDA analysis shows a trend 
for down-regulation (green) of proteins in the 20°C samples while up-regulation (red) is 
observed for the 37°C samples.  

Figure 4. Multiplexed Fluorescent Western blotting with ECL Plex. Levels of target 
protein His-GFP were determined and related to RuvB (loading control protein) for each 
time point and temperature in E. coli lysates.  RuvB was detected with ECL Plex Cy 3-
conjugated secondary antibody and His-GFP detected using ECL Plex Cy 5-conjugated 
secondary antibody.
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