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Abstract. The proteomics is a popular bioinformation research. In one specification
state, one cell can be presented a kind of proteins, and we say that is a proteome. The
proteome can be changed with different situations. In order to analyze the proteomics,
the first step is that try to separate the proteins. The 2D-GE (Two-Dimensional Gel
Electrophoresis) is an important and useful tool for research. Today, biologists have
access to the many image databases that exist online. Biologists are keenly interested in
the information that might be discerned from protein spots. Thus, quickly and efficiently
finding such spots is an important job. In this paper, we attempt to find these spots based
on 2D-GE images’ features. We first use the image contrast to find the proteins’ edges
and then we detect the protein spots by the edges. Our experiments yield good results for
detecting protein spots in 2D-GE images.
Keywords: 2D-GE image, Two-dimensional gel electrophoresis, Protein spots.

1. Introduction. One popular technique utilized in biotechnology research is two-di-
mensional gel electrophoresis (2D-GE) [2, 4, 6, 7, 12, 15]. Researchers use 2D-GE to
identify pathogenic proteins, as well as to aid in discovering cures for diseases caused by
such proteins.

The 2D-GE utilizes the isoelectric point (PI) of iso-electric focusing (IEF) in the hor-
izontal dimension and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) in the vertical dimension. Using a scanner to scan the 2D-GE, a 2D-GE image
can be obtained. First we separate the proteins’ sports from 2D-GE images by computer’s
computation. We can find the interesting spots by comparison gels. Then we obtain the
protein information such as protein mass, peptide sequence tag, etc. [9, 17]. Finally, we
search the database and know that what is the protein with this spot. For any one disease,
we compare ‘normal’ images with those from patients suffering from a disease. Biologists
attempt to find abnormal proteins on the patient’s 2D-GE images and compare them to
normal ones. Once divergences are identified, a cure can be attempted.

The most important information in a 2D-GE image are the protein spots. Finding these
protein spots on a 2D-GE image is thus a critical issue. There are some methods for this
job [3, 8, 11]. In Bettens et al.’s [3] method, they use the Watershed method to detect
the protein spots in 2D-GE images. In Persson and Bigun’s method [11], they use the
symmetry features to detect the spots. They are only based on general image processing
methods to detect protein spots. They did not use the 2D-GE’s features to their scheme.
In this paper, we consider the salient features of 2D-GE images and use these features to
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locate the protein spots. We use the contrast of the image to separate the protein spots
and backgrounds. Then we detect and elucidate the spots.

This paper is organized as follows: Section 2 introduces 2D-GE and image contrast. We
propose our method in Section 3. Section 4 gives the experimental results and discussion.
The final section contains our conclusions.

2. Related Work.

2.1. 2D-GE images. 2D-GE [9, 17] is based on Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). There are two steps to generate 2D-GE. The first step
is the first dimension generation. The proteins focus their iso-electric point (PI). The
second step is the second dimension generation. This step separates proteins by their
molecular weights. After obtaining the 2D-GE, we can use scanners or cameras to scan
or picture the 2D-GE to get 2D-GE images. The Figure 1 [13] is an 8bits of gray level
2D-GE image. There are three elements in 2D-GE images: protein spots, background,
and noise.

Protein spots: These are most important information contained in 2D-GE images. A
protein spot in an image consists of an approximate dark circle. It is not monochro-
matic and homogenous. From center of the spot to edge, the intensity of its color
decreases. Figure 2 is a protein spot. Every spot in Figure 1 is a kind of protein.

Noises: 2D-GE images often contain noise. Noise can result from winding gels, error
scans, etc. Sometimes the noise is easily mistaken for protein spots. It is important
but difficult to distinguish protein spots from noise.

Background: Aside from protein spots and noise, there is the background. The back-
grounds’ gray levels are very similar, and they are lighter than protein spots.

2.2. The watershed method. The watershed method called the watershed transforma-
tion (WST) [16] is a segmentation algorithm for images. This algorithm usually can get
the good results for segmenting the objects in the images. In 1997, Bettens et al. [3] use
this concept to detect the protein spots in 2D-GE images.

2.3. The symmetry features. In Persson and Bigun’s method [11], they find the sym-
metry features with the 2D-GE images and use these features to detect the protein spots.
For each pixel, they generate the feature vector which consists of the local LoG transform
and local symmetry derivative response. Then they classification these vector to achieve
the propose of detect protein spots.

2.4. Image contrast. [14] proposed six features of texture images: coarseness, contrast,
directionality, linelikeness, regularity, and roughness. Almost researchers use these fea-
tures for image retrieval or other image processing[1, 5, 10, 19], but we think they can
be used in other domains. Especially in the case of image segmentation, we think that
contrast can be used for finding protein spots.

Comparing the colors in image, we can obtain degrees of chromatic differentiation,
which we call the degree contrast. Every pixel in the image has its own contrast, and
we can determine this by comparing them with the neighboring pixels. The contrast is
defined in Equation 1.

Fcon =
σ

(u4/σ4)
1
4

(1)

In Equation 1, σ is the pixel values’ standard error, and u4 is fourth moment of the
image.
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Figure 1. A 512 × 512 2D-GE image

Figure 2. A protein spot

3. Proposed Method. In this section we describe our method for detecting protein
spots in 2D-GE images. In this paper, the N is the width of the image, and M is the
image’s height. Fcon(i, j) is contrast of the pixel in the ith row and jth column. Our
method uses the following steps:

1. Computing the contrast.
2. Detection.

3.1. Computing the contrast. Considering each pixel to be a center, we compute the
contrast among its eight neighboring pixels using Equation 1. After we compute all pixels
in the image in this fashion, we determine the maximum and minimum contrasts. Then
we normalize all contrasts by Equation 2. The max is the maximum contrast, and the
min is the minimum contrast.

Fcon(i, j)

max − min
(2)
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Then we compute the average normalization contrast as the default threshold t, and
take those pixels with contrasts greater than t as candidates to be protein spots.

3.2. Detection. Once we identify those pixels whose contrast is greater than t, we de-
termine the protein spots using the Algorithm 1:

Algorithm 1 Detecting protein spots
Input Pixels’ contrasts k that greater than t
Output Protein spots P = {pm, pm+1, pm+2, . . . , pn}
for m=0,. . . ,n

while k > 0 do
Take a pixel s in k as the pmth protein spot
while every pixel ∈ pm hasn’t been found its eight neighbor do

k = k − 1, s ∈ pm

Find the s’s eight neighbor b
if b in k then

b ∈ pm and k = k − 1
end if
m = m + 1

end while
end while

end for
The s’eight neighbors are its eight neighboring pixels. Algorithm 1 yields the number

of protein spots and relevant information about them.

4. Experimental Results and Discussions. In the first experiment, we use three 512
× 512 original 2D-gel gray images in Figures 1, 3 [20]; namely g1, g2, and g3. The gray
image’s pixel value ranges from 0 to 255. In the first step, we calculate the pixels’ contrasts
within image.

(a) g2’s original image (b) g3’s original image

Figure 3. g2 and g3s’ original images

We compute the pixel contrast from left to right, and top to bottom. Figures 4 (a),
(b), and (c) are the g1, g2, and g3s’ display the contrasts of the images. The lighter pixels
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in the images are the relevant pixels. We then count them and compute the average
threshold t.

(a) g1’s contrast image (b)g2’s contrast image

(c) g3’s contrast image

Figure 4. g1 g2, and g3s’ contrast images

In Table 1, we use 1t, 2t, and 3t as threshold by which the pixels are measured to
detect the protein spots in g1, g2, and g3. The 1t, 2t, and 3t are 1 time, 2 times, and 3
times greater than the average contrast, respectively. We define one protein spot’s range
to be not greater than 500 pixels. Different thresholds in same image can detect different
numbers of protein spots.

Table 1. multiple thresholds and number of protein spots

1t 2t 3t
g1 472 358 305
g2 236 120 69
g3 516 243 206

Figure 5 shows the g3 with t =1t. As can be seen, six colors present the protein spots
sequentially. Our goal is to detect more protein spots in the 2D-GE images, but we cannot
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absolutely identify them. This is the job of a biologist. Some spots we detect may seem
to be noise; but because we think that they may contain relevant information, we do not
delete them.

Figure 5. g3 with t = 1t

In the second experiment, we get the 2D-GE images from the web “World-2DPAGE”
[18]. The two 2D-GE images are cytoplasmic protein extracting from cells of corynebac-
terium glutamicum. And the PH values are PH 4.5-5.5 and PH 5-6. The images size are
1606 × 2008 pixels. These are also gray level (8-bits) images. Figure 6 is the original
images. We also show their contrast images in Figure 7 with t = 2t.

Figure 8 shows that the proteins which we detect using our method with t =2t. We
use five colors to draw the protein spots. In the Figure 8(a), the result is better than
Figure 8(b), because the spots in Figure 8(b) look like the noises. In order to delete
these possible noises in Figure 8(b), we calculate average area of detected protein spots
as avg − spot. If the area of detected spots is equal or lower than 50% ave − spot, we
consider this spot is a noise. After this process, we get the Figure 9 and the number of
protein spots is 233.

Table 2. Number of corynebacterium glutamicum protein spots with t =
2t and t = 3t

Corynebacterium glutamicum 2t 3t
PH4.5 − 5.5 784 618

PH5 − 6 374 164

In our experimental results, we can see the almost possible protein spots in 2D-GE by
our eyes. When we mark the possible spots, we also need the biologist to ensure whether
the possible spots are protein spots.

5. Conclusions. In this paper, we propose a simple method to detect protein spots in
2D-GE images based on the image’s chromatic features. We use contrast to separate the
protein spots and background. Then we compare contrast among pixels with a threshold.
If their contrast is greater than threshold, they are candidate pixels. Finally we locate
every candidate pixel among its eight neighbors and use these groupings of pixels to locate
protein spots. Our method yields good results that can be evaluated even with the naked
eye.
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(a) Corynebacterium glutamicum with PH 4.5-5.5

(b) Corynebacterium glutamicum with PH 5-6

Figure 6. Original 2D-GE images with cytoplasmic protein extractin form
corynebacterium glutamicum
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(a) Corynebacterium glutamicum with PH 4.5-5.5

(b) Corynebacterium glutamicum with PH 5-6

Figure 8. Detect protein spots with threshold t = 2t

Figure 9. After deleting the possible noises in Figure 8(b)
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