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ABSTRACT
This paper addresses the detection of protein spots in proteomics images. A novel level set approach is proposed,
which is capable of separating spots belonging to multiplets. The proposed approach copes with the presence of
noise and the inhomogeneous background, which are major
issues in proteomics image analysis. It has been experimentally compared with a recently published method for spot
detection. The results of the experiments performed indicate
that the previously proposed method tends to falsely identify multiplets as singlets, whereas the proposed approach
succeeds in spot separation.

1.

INTRODUCTION

T

he genomics revolution was only the beginning of an
enormous metamorphosis of life sciences. The analysis
of the proteome has provoked even more radical
changes in biological research. Most biological functions are
carried out by proteins that interact with each other within a
complex biological system. The proteome is defined as a
protein complement in a specific cell, tissue or organism.
However, it is more complicated than the genome since a
gene may encode a number of different proteins. In other
words, genes are just the instructions for making proteins
whereas proteins make life.
Proteomics are mainly applied in medicine for disease
treatment, as well as for drug discovery by analyzing possible protein alterations. For instance, the proteomes of a cancerous and a benign cell are different. The proteins that are
missing in the benign cell can be targets for anti-cancer
drugs. Thus, protein separation is a major part of proteomics.
The most widely used method for protein separation is
two-dimensional polyacrylamide gel electrophoresis (2-D
PAGE) [1-3]. The 2-D PAGE process involves the protein
separation by two different physical properties: the isoelectric point in the first dimension and the molecular weight in
the second. This method can easily detect any alterations in
charge and mass due to the fact that it is highly unlikely for
two different proteins to resolve to the same position in both
dimensions. Moreover, it allows the identification of thousands of proteins with computer assisted software programs.
2-D PAGE results in grey level images illustrating the
separated proteins as dark spots on a bright background or
vice versa. Common unwanted factors that influence the re-
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sults emerging from the analysis of 2-D PAGE images are:
the presence of noise, dust particles, fingerprints, cracks in
the surface and other artefacts such as streaks or tails that are
not related to proteins. The main challenges of 2-D PAGE
image analysis are: the inhomogeneity of image background,
the presence of noise and the existence of overlapping spots.
The detection of overlapping spots has recently drawn
the researchers’ attention. This trend is motivated by the fact
that a large part of the proteins in a gel tend to belong to doublets, triplets or multiplets, which are spot clusters consisting
of two, three or multiple proteins, respectively [4]. Most false
estimations on the presence or absence of spots stem from
the erroneous interpretation of such spot clusters, whereas the
challenge is to detect individual proteins. An example of a
2D-PAGE image area containing spot clusters is illustrated in
Fig.1.

Figure 1 – Complex region containing overlapping spots.

Most common approaches to spot detection include watersheds [5-6], stepwise thresholding [7] and morphology [89]. However, watersheds commonly require inner markers so
as to confront the issue of over-segmentation [10], whereas
stepwise thresholding and morphology fail in the presence of
artefacts and noise [11]. In addition, they falsely identify
doublets or triplets as singlets.
Level set approaches [12-13], which have been efficaciously used in image analysis, appear well-suited in 2DPAGE spot detection. They are topologically adaptable facilitating contour merging or splitting, so that multiple
boundaries can be detected. In addition, region-based level
set approaches, such as [13], are capable of detecting objects
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defined by weak edges, like protein spots. Finally, they can
be relatively insensitive to noise by involving integral operators, which provide an inherent noise filtering mechanism.
This work introduces a level set approach for the detection of multiple overlapping spots on 2-D PAGE images. The
proposed approach is an expansion of the active contour
without edges model, originally proposed by Chan and Vese
[13], and enables the detection of individual proteins in spot
clusters.
The rest of this paper is organised as follows: Section 2
and 3 describe the Active Contour without Edges model and
the proposed approach respectively. Section 4 presents the
obtained results on real 2-D PAGE images and finally, Section 5 summarizes the conclusions of this study.
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where H is the Heaviside function. To start with, the contour
is initialized and at each time step, the average foreground

and background intensities are updated. By keeping c1 and

c1 fixed, and minimizing F with respect to I1 , the associated Euler-Lagrange equation for I1 is deduced. Parameterizing the descent direction by an artificial time t t 0 , I1 is
determined by solving the following equation:
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2.

ACTIVE CONTOUR WITHOUT EDGES

The active contour without edges model is based on the
Mumford-Shah functional [14]. The segmentation of an image u1 : : o R , where  is a bounded open subset of R 2
with Ţ its boundary, is formulated as a minimization problem: we seek for the infimum of the energy functional
F (c1 , c1 , C ) :
F (c1 , c1 , C )
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where t  (0, f), ( x, y )  : and į is the one-dimensional
Dirac function. The contour evolves according to Eq. (5)
guided by the average foreground and background intensities. In a 2D-PAGE image, the average protein spot intensity differs from the one of the background. The active contour without edges model is capable of detecting the external spot boundaries, however fails to separate overlapping
protein spots.
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where C ( s ) : [0,1] o R is a piecewise parameterized curve,
c1 and c1 represent the average intensities of u1 in the foreground and in the background respectively and parameters
P ! 0 and Ȝ1 , Ȝ1 ! 0 are weights for the regularizing term
and the fitting terms, respectively. This model uses the level
set formulation [12], where the curve C  : is represented
implicitly by the zero level set of a Lipschitz function
I1 : : o R, such that:
2

3.

PROPOSED LEVEL SET APPROACH

A novel level set approach is proposed, aiming to overcome
the limitations of the active contour without edges model.
The contour is initialized and evolves by iteratively solving
Eq. (5), until it converges to the external boundaries of the


protein spots. Average intensities c1 and c1 are iteratively
estimated by Eq. (3) and (4) respectively. The results obtained after contour’s convergence provide the actual external boundaries of the spot regions. Contour evolution proceeds on the inside of the already identified spot regions and


is guided by c2 and c2 , which are estimated by the following equations:
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The average intensities in the foreground (inside the

contour) and in the background (outside the contour) c1 and

c1 are considered for all the pixels in the respective regions
and are estimated by:
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where I2 , is the new zero level set function and u 2 is the
sub-image of u1 for which I1 ! 0 . The sub-image u 2 con
sists of all singlets or multiplets. The average intensities c2

and c2 correspond to the slightly different intensity distributions of the individual spots, which were initially being

:
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grouped within c1 in cases of overlap. Contour evolution
proceeds until convergence, when each individual protein
spot is identified, even if it belongs to a spot cluster.

4.

a

RESULTS

The experimental evaluation of the proposed approach included its application on real 2-D PAGE images, as well as
on two standard gels used for spot detection analysis and gel
matching studies which can be downloaded for free [15]. The
2-D PAGE images were quantized at 8-bit gray level depth,
whereas the algorithm has been implemented in Matlab 7.0
and executed on a 3.2 GHz Intel Pentium workstation. Pa 
rameters Ȝ1 , Ȝ1 ! 0 and were set to 1, 1 and 0.01 respectively [16]. Figure 2 illustrates a typical 2-D PAGE image
which has been inverted so that the average protein spot intensity is higher than the one of the background.
Figure 3 illustrates segmentation results obtained by the
application of the active contour without edges model on the
2-D PAGE of Figure 2. Although the contour has identified
the external boundaries of the overlapping spot regions, it has
failed to separate the overlapping spots. On the contrary, the
proposed approach effectively separates the detailed subimages a, b and c of Figure 3, as can be seen in Figure 4.
Figure 5 depicts a part of a standard 2-D PAGE image
used in spot detection where the average protein spot intensity is lower than the one of the background [15]. Four image
regions associated with multiplets are marked with a-d. This
image has been used by Tsakanikas et al. [17] in order to
evaluate their method. The detection results obtained by applying this method are illustrated in Figure 6.

c

b

Figure 3 – Segmentation results obtained by the active contour
without edges model on the 2-D PAGE image of Figure 2.

(a)

(b)

(c)
Figure 4 – Detection results obtained by the proposed approach on
the 2-D PAGE image of Figure 3.

a
b
Figure 2 – Part of a 2-D PAGE containing white protein spots.

c

d

Figure 5 – Part of a standard 2-D PAGE image containing black
protein spots. Four regions associated with multiplets are marked
with a-d.
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Figures 7(a-d) illustrate the detailed sub-images corresponding to the multiplets marked with a-d in Fig. 5. Figures
7(a1-d1) illustrate the corresponding sub-images of the
ground truth. Figures 7(a2-d2) illustrate the detection results
obtained by the application of the method of Tsakanikas et al.
[17] on each multiplet, whereas Fig. 7(a3-d3) illustrate the
detection results obtained by the proposed approach on the
same multiplets. Considering the ground truth, it is evident in
Fig. 7(a2-d2) that the multiplets are identified by the method
of Tsakanikas et al. as singlets. On the contrary, it is clear in
Fig. 7(a3-d3) that the proposed approach is capable of separating multiple overlapping protein spots and thus, can be integrated within a segmentation framework.

5.

CONCLUSIONS

In this paper, a novel level set approach for proteomics image
analysis is proposed. The proposed approach enables the
separation of protein spots which belong to multiplets. The
experimental results demonstrate that it outperforms a recently published proteomics image analysis method [17].
Future perspectives of this work involve the enhancement of
the contour initialization process, as well as experimental
comparisons with renowned proteomics image analysis software, such as PDQuest and Progenesis [18].
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