
Topological Proteomics

A new perspective in protein research, aiming

at revealing the“secret life of a living cell”

Andreas W. M. Dress ∗

Department of Combinatorics and Geometry,

CAS-MPG Partner Institute and Key Lab for Computational Biology,

Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences,

Shanghai, China,

and Max Planck Institute for Mathematics in the Sciences,

D-04103 Leipzig, Germany

e-mail :andreas@picb.ac.cn

Walter Schubert†

Molecular Pattern-Recognition Research Group Medical Faculty,

Otto-von-Guericke University

Leipziger Str. 44 Magdeburg, 39120 Germany

e-mail :walter.schubert@med.ovgu.de

September 27, 2009

Abstract

One of the most important aspects of cellular protein networks
is the spatial distribution of the proteins across cell compartments
(membranes, nucleus, mitochondria, etc.). That means that for some
cellular function (like cell migration) to be exerted, a cell has not only
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to synthesize the necessary amounts of specific proteins, but also to
distribute them within the cell in the specific way that is required for
the cell function in question. Conventional proteomics profiling tools
that are based on homogenizing cell samples do, almost by definition,
not provide any information on this important aspect of molecular
processes taking place in a cell — an aspect, however, that appears to
be closely related to normal and abnormal functioning of the cell.

To provide such information, a new multi-parameter fluorescence-
microscopy technique called MELK1 was developed at Magdeburg
University by WS and his coworkers; it is discussed in [1] (see also
[2, 3, 4, 11, 12]). Details regarding this technology and the tasks as-
sociated with the data obtained by using it are discussed in [5, 6]; for
biological applications of MELK Technology, see [7, 8, 9, 10, 13]. This
technique produces a whole stack of intensity images of one and the
same biological object (for example, a slice of nervous tissue), each
image in that stack corresponding to one particular protein (or any
other biologically relevant molecule of interest). Two typical gray-level
images are shown in Fig.1.

Figure 1: Two fluorescence images displaying the spatial distribution of two
different proteins across a slice of nervous tissue.

In the lecture, I will present some important details regarding this tech-
nology as well as various applications as outlined in [1].
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Y. Malykh, H. Gollnick, M. Friedenberger, M. Bode, and
A. W. M. Dress, Analyzing proteome topology and function by automated

1Multi-Epitop Liganden Kartographie

2



REFERENCES REFERENCES

multidimensional fluorescence microscopy Nat Biotechnol, 24:1270–
1278, 2006.

[2] A. Dress, T. Lokot, L.D. Pustyl’nikov, and W. Schubert, Poisson Num-

bers and Poisson Distributions in Subset Surprisology, Annals of Com-
binatorics, 2004

[3] W. Schubert, Topological Proteomics, Toponomics, MELK-Technology,
in Proteomics of Microorganisms, 83, (Springer, 2003)

[4] W. Schubert, Topological Proteomics Technology and Paradigm for Cell

Invasion Dynamics, J. Theor. Med., 4:75–84 (2002)

[5] Cottingham K., The Human Toponome Project, Journal of Proteome
Research, 7:1806 (2008) (Editorial)

[6] Sage L., The molecular face of prostate cancer, Journal of Proteome
Research, 8:2616 (2009) (Editorial)

[7] W. Schubert, A. Gieseler, A. Krusche, R. Hillert, Toponome mapping

in prostate cancer: detection of 2000 cell surface protein clusters in a

single tissue section and cell type specific annotation by using a three

symbol code, Journal of Proteome Research, 8:2696–2707 (2009)

[8] W. Schubert, M. Friedenberger, M. Bode, A. Krusche, R. Hillert Func-

tional architecture of the cell nucleus: towards comprehensive toponome

reference maps of apoptosis,Biochim. Biophys. Acta, 1783:2080–8
(2008)

[9] W. Schubert, M. Bode, R. Hillert, A. Krusche, M. Friedenberger To-

ponomics and neurotoponomics: a new way to medical systems biology,
Expert Rev. Proteomics, 5:361-9 (2008)

[10] M. Bode, M. Irmler, M. Friedenberger, C. May, K. Jung, C. Stephan,
H. E. Meyer, C. Lach, R. Hillert, A. Krusche, J. Beckers, K. Mar-
cus, W. Schubert, Interlocking transcriptomics, proteomics and topo-

nomics technologies for brain tissue analysis in murine hippocampus,
Proteomics, 8:1170–8 (2008)

[11] W. Schubert, Breaking the biological code, Cytometry A, 71:771–2
(2007)

3



REFERENCES REFERENCES

[12] M. Friedenberger, M. Bode, A. Krusche, W. Schubert, Fluorescence de-

tection of protein clusters in individual cells and tissue sections by us-

ing toponome imaging system: sample preparation and measuring pro-

cedures, Nat. Protoc., 2:2285–94 (2007)

[13] W. Schubert, A three-symbol code for organized proteomes based on cycli-

cal imaging of protein locations, Cytometry A, 71:352–60 (2007)

4


