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Abstract 
 
Comparative two-dimensional fluorescence gel electrophoresis (CoFGE) was developed to 

enable reproducibility of coordinate assignment for protein spots. To that end, it uses an internal 

grid formed by a set of pure proteins. The composition of the reference compounds is known, so 

that, in addition to the use of the marker nodes as anchors for gel warping, their fluorescence 

signal can serve to estimate the amount of protein present in an analyte gel spot of interest. Here, 

experimental data are provided to that effect. The reference mixture was distributed in five 

concentrations across the gel, thus allowing the generation of calibration curves for each marker 

protein. Quantification was evaluated using replicate separations of Escherichia coli lysate. 

Expectedly, the method worked best for well-defined proteins spots and could then be performed 

at less than 20% error. A suitable protein mixture (8-97 kDa) has been composed for this purpose. 

An abundance of reference slots (40) allows the user to alternate the concentration of the protein 

marker mix on the gel so that areas of gel distortion can be excluded from the calculation.  
 
 
 

Short Communication 
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Protein gel electrophoresis is a major tool in the biochemical laboratory, but ever since its 

invention - about 50 years ago - has had the drawback of low reproducibility. Comparative 

Fluorescence two-dimensional Gel Electrophoresis (CoFGE) uses an internal standard grid which 

co-runs with the analyte to improve on that [1, 2]. Thereby, individual samples (examples in Figure 

1) are distinguished on a single gel by using structurally matched fluorescent labels in a similar 

manner as in Difference Gel Electrophoresis (DIGE) [3a]. However, DIGE was developed for 

protein expression analysis using replicate samples for statistical considerations. CoFGE, in 

contrast, provides the means to standardize experiments in projects where samples arrive only 

sporadically and without replicates. The method was introduced for vertical GE [1] and later also 

validated for horizontal GE [2]. It was immediately picked up by other scientists [4] demonstrating 

the need for this experimental concept. Subsequently, CoFGE was further improved by adding 

azo-dyes as optional reference to control the first electrophoretic dimension [5]. With that, the 

experimental means were complete to generate reproducible protein spot coordinates, e.g., for 

database collections. Commercialization and software advances (by Serva and Decodon, 

respectively) eventually provided ease of use so that CoFGE is now ready for the next step, 

quantification. 

 

 

 
Figure 1: Exemplary CoFGE data: False-colour gel image overlays for dendritic (A) and 
melanoma cells (B) highlighting the most informative gel areas. A grid of reference proteins 
(green; A: lanes 1-10, B: lanes 3-10) overlays the separated proteome (red). Provided that 
identical experimental protocols were used, CoFGE allows correction for distortions on gels run 
at different points in place and time using the marker grid. In that way, it improves the 
reproducibility of spot assignment and enables the storage of 2D-gel data in searchable 
repositories. For methodological details see [2, 3b]. 
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The internal reference grid is formed by a protein mixture of known concentrations so that their 

spot fluorescence intensities can be used to estimate the protein amount present on a gel spot of 

interest. However, no experimental data are available with regard to the confidence with which 

this can be carried out using pre-cast CoFGE gels (commercialized under the brand name 

“Mercator”). Therefore, we ran experiments using a protein marker mix (PMM) and Escherichia 

coli lysate as the test proteome and determined the error range for spot volumes. In order to 

account for concentration effects we added a PMM dilution series of 0.1 to 2.5-fold to the gel in 

an alternating pattern (Figure 2). For labeling, we relied on CyDye-type of dyes (Sci3, Sci5; Serva) 

which are structurally matched to minimize differences caused be the label; a dye-swap 

experiment was performed nevertheless. Furthermore, data were analyzed with regard to spot 

location on the gel in case of fringe effects such as smileys.  

First, we evaluated the inner-gel variation of the normalized volumes of marker spots for three 

replicates of grid gels such as shown in Figure 2. Normalized spot volumes minimize the impact 

of experimental variables, e.g., scanning, by calculating the ratio of the absolute spot volume 

(without background) to the total volume of all intensities (grey values) of the image. The results 

demonstrated that errors below 10% were achievable for well-resolved PMM-spots - in our 

unbiased approach this was the case for 34% of all measurements. Expectedly, any gel distortion 

or other factor affecting the shape of the marker spot increased the difficulty to define the marker 

spot volume and conclusively measurement error. That included the shape of the wells for the 

dilution series, which had to be cut manually by the technician [1] and were dependent on her/his 

skill. Still, the majority of the data (72%) fell into a 20% error margin. Larger deviations were 

observed for the outermost lanes, but they showed spot distortion already at visual inspection. 

Thus, as always, bad reference points cause bad data and should be excluded from the 

experiment.    

In CoFGE, we typically label the PMM with Sci3 and the analyte with Sci5 (both from Serva). As 

expected, the dye-swap did not show dramatic differences between the spot volumes; 32% of the 

data even fell into the Sci3 error margin, further 32% came close. Again, spot shape had more 

influence on the quality of the data than the label structure. Still, of course, for reliable results the 

user needs to perform this control experiment.  
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Figure 2: Exemplary CoFGE grid run on a Mercator gel using Sci3 for labeling. These gels contain 
a pre-cut well for the pI-strip, a square well for a molecular weight marker and 14 wells for the 
PMM reference grid (grey dots). The latter hold the PMM in its original formulation (1-fold). Two 
more wells were manually punched between each pair of them for PMM solutions of different 
concentrations (26 wells, PMM multiples from 0.1- to 2.5-fold, orange dots). Different 
concentrations were distributed across the gel in a ABCDCBA pattern. 
 
 
Next, we selected 30 well-defined spots of the E. coli proteome (Figure 3a) and estimated their 

protein amount by using the calibration curves of reference proteins (Figure 3b) in the vicinity. We 

used the integrated spot volumes without background rather than the normalized spot volumes, 

because the latter are not directly comparable between reference and analyte unless a factor is 

introduced accounting for the different values of total spot intensities in each image. Alternatively, 

the user could quantify by directly comparing the analyte spot to the concentrations of the proteins 

of its nearest neighboring grid nodes. In our approach, using calibration curves (clearly distorted 
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reference spots were eliminated), we found that about half of the E. coli spots were quantified 

within a 20% error margin (Table 1). Spot 3 showed the most deviation (53% error) between the 

three gels already on visual inspection; the reasons were not known because all experiments 

were conducted in the same manner. Clearly, reasonable concentration estimations can be 

achieved from high-quality gels. Even if the gel exhibits distortions in some area, the dense grid 

net provides sufficient nodes to analyze unaffected regions. Care should be taken to generate 

well-formed reference spots for lowest error margins and the PMM was specifically formulated to 

serve this purpose.  

Although CoFGE experiments have been much improved with respect to user-friendlyness, the 

additional wells for the reference dilutions series still have to be punched manually (technical 

reasons prevent pre-cutting). However, depending on the project, it may be possible to distribute 

different PMM concentrations across the 14 available wells. For spot coordinate assignment the 

center of a reference node is used; its protein concentration is only of concern, if the spot is too 

weak to be defined or if it is overloaded. Users also need to be aware that spot volumes will 

change slightly as a result of warping. It is thus advisable to export the spot volumes before and 

after warping as well as the integrated and the normalized values from Delta-2D to Excel for 

greatest flexibility with respect to subsequent data analysis.  

Summarizing, CoFGE uses an internal standard for improving the reproducible assignment of 

protein spots to x, y-coordinates on 2D-gels. It also allows a rough estimation of the protein 

amount present on an analyte spot via the fluorescence signal of known reference compounds 

located on neighboring gel spots. The method considerably advances the comparability of 2D-gel 

separated proteins.  
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Figure 3: A) E. coli lysate separated on Mercator 
gels in three replicate experiments. Zoom-in to 
region between grid lanes 6-10 (fold 1) and grid 
proteins L to G in order to visualize 30 E. coli spots 
of interest. 

B) Exemplary calibration curves for the integrated 
spot volumes of proteins P, A and M (calculated 
from two values for fold 0.1, 8 for 0.5, 12 for 1, 8 for 
1.5, 4 for 2.5). 
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Table 1: Concentration estimation (in PMM fold values) for 30 E. coli spots of interest using 
marker calibration curves of integrated spot volumes for proteins G, T, M and L for each gel. 
 

Spot Gel 1  Gel 2  Gel 3 Average 
Standard 
deviation Error % 

1 0,68 1,75 1,07 1,17 0,54 46 
2 0,51 0,86 0,85 0,74 0,20 27 
3 0,31 0,99 0,64 0,65 0,34 53 
4 0,26 0,36 0,38 0,33 0,07 20 
5 0,28 0,22 0,27 0,26 0,03 12 
6 0,19 0,37 0,35 0,30 0,10 32 
7 0,12 0,09 0,09 0,10 0,02 17 
8 0,34 0,35 0,29 0,33 0,03 9 
9 1,24 1,72 1,64 1,53 0,26 17 

10 2,16 2,81 2,79 2,58 0,37 14 
11 1,90 1,94 2,10 1,98 0,11 5 
12 0,77 1,10 1,12 0,99 0,20 20 
13 3,20 3,59 3,76 3,52 0,29 8 
14 0,79 1,39 1,14 1,11 0,30 27 
15 0,29 0,49 0,50 0,43 0,12 28 
16 0,17 0,21 0,16 0,18 0,03 15 
17 0,11 0,18 0,24 0,18 0,06 36 
18 0,46 0,51 0,51 0,49 0,03 6 
19 0,13 0,18 0,18 0,16 0,03 19 
20 0,28 0,47 0,45 0,40 0,10 25 
21 0,53 0,95 0,89 0,79 0,23 29 
22 0,65 0,80 0,80 0,75 0,09 12 
23 0,25 0,45 0,49 0,39 0,13 32 
24 0,65 1,31 1,15 1,04 0,35 34 
25 0,38 0,96 0,71 0,68 0,29 43 
26 0,92 1,86 1,64 1,47 0,49 34 
27 0,17 0,22 0,20 0,20 0,02 12 
28 0,25 0,65 0,54 0,48 0,21 43 
29 1,14 1,57 1,55 1,42 0,25 17 
30 0,43 0,60 0,64 0,56 0,11 20 

 

 

Experimental: Experiments were performed as described before [2, 3b] with the difference that 

commercially available Mercator gels (Serva) were used and additional wells were manually 

punched for the dilution series (Figure 2). The proprietary PMM was optimized from the 

formulation published earlier [2] aiming for equal spot size and shape of all proteins present. Sci3 

(except in the dye-swap experiment) was used to label the PMM according to the manufacturer’s 

protocol, Sci5 for the analyte.  
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Dendritic (306 x 105) and melanoma cells (2.5 x 107) for testing purposes were a generous gift by 

S. Hain (Translational Dermatoinfectiology, University Clinic Münster). They were lysed using an 

ultrasonic device (LabSonic) and proteins were precipitated. Following protein concentration 

determination, 50 µg were labeled and subjected to CoFGE [2] using IPG Blue strips 3-10 (24 

cm, Serva). E. coli lysates were separated on IPG strips 4-7. Delta-2D software (V4.8 Mercator, 

Decodon) was used for gel warping, spot picking and data export to Excel. 
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