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Biology Computes
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Cells execute programs: 

§ Genetic programs
§ Communication programs
§ Decision making
§ Signaling networks
§ Endosomal sorting
§ …

Trafficking Computes

Ivo F. Sbalzarini
Center of Systems Biology Dresden, Max Planck
Institute of Molecular Cell Biology and Genetics

The functioning of cells is intimately linked
to uptake, processing, and release of
a multitude of signals. Cellular trafficking
is key to this information processing,
involving localized biochemistry in
multiple dynamic compartments with
still-elusive molecular and biophysical
details. Concerted trafficking of chemical
signals between compartments allows
the cell to ‘‘compute,’’ i.e., to exchange
information and take decisions. But this
type of computation is fundamentally
different from that in human-made
computers.
Cellular trafficking has thus inspired the

theoretical concept of membrane
computing, also named ‘‘P-Systems’’
after G. P!aun. A membrane-computing
system, like the trafficking system in cells,
processes a multitude of signals in
parallel and in a distributed manner. It
consists of many membrane-bound
compartments, within which signals are
processed, and which are able to move,
fuse, and split, hence communicating.
This concurrent, stochastic processing is
conceptually different from the sequen-
tial, deterministic working of electronic
computers. Systems approaches such
as P-Systems may thus help address
questions so far unanswered: What can
a cell compute? Does the cellular traf-
ficking system have a defined state, or
does it probe multiple states at once?
Can we unravel the rules of its working
bywatching it with computational imaging
methods? The pioneering work by the No-
bel Laureates hence continues to inspire
questions and progress across discipline
boundaries.

Systematic SEC Biology

Maya Schuldiner
Weizmann Institute of Science

The isolation and characterization of the
SEC genes, partaking in secretion of
budding yeast proteins, were game
changers in cell biology. How could one
line of research, in a simplemodel system,
have such a profound effect on genera-
tions of biologists to come? First, Schek-
man’s studies uncovered the universal
underpinnings of the eukaryotic secretion
machinery. But even more remarkable
was that the discovered convergence
between the yeast and mammalian
machineries underscored the conserved
nature of cellular functions, turning yeast
into the best-studied model system for
cell biology.
The idea to systematically characterize

a pathway or process, which preceded
its time by 30 years and now lies at the
heart of the field of systems biology, is
what most sparks my personal passion
as a researcher. It is this aspect of Schek-
man’s work that drives my lab’s efforts
today, as we use systematic screening
approaches to uncover proteins impor-
tant for a variety of organellar functions.
But probably most importantly, the
quantum leap that Schekman, Rothman,
and Südhof made by taking the ‘‘black
box’’ of secretion and turning it into some-
thing that we can understand and manip-
ulate was magical. These scientists being
awarded the Nobel Prize reminds us that
we should never stop looking for that
magic as we pioneer forward in still-
uncharted scientific waters.

New Tools for Old Questions

Jingshi Shen
University of Colorado at Boulder

The now-established core engines of
vesicle trafficking are often controlled by
networks of regulatory factors to adjust
the rate and direction of membrane trans-
port according to physiological demands.
Such regulated vesicle trafficking plays
central roles in nearly every aspect of
human physiology. One prominent
example is insulin-triggered exocytosis
of the glucose transporter GLUT4, which
maintains our body’s glucose homeo-
stasis. It poses tremendous challenges
to dissect regulated trafficking pathways
because they exist only in highly special-
ized cells and because each pathway
engages a unique set of regulatory
factors.

Fortunately, nowadays we are armed
with panoply of new tools unimaginable
just a few years ago. In particular, induced
pluripotent stem cells (iPSCs) have been
successfully programmed into a variety
of cell types in which regulated vesicle
trafficking can be probed using the
rapidly evolving genome-editing tools.
Even more excitingly, unbiased genetic
screens are finally possible in mammalian
cells with the isolation of multiple haploid
cell lines including iPSCs. Genome-wide
screens in these haploid cells hold great
promise in systematically identifying the
specialized machinery of regulated traf-
ficking pathways integral to human phys-
iology. Looking forward, I expect these
revolutionary technologies, combined
with existing biochemical and biophysical
approaches, to pave the path for the
next breakthroughs in vesicle trafficking
research.

Developmental Cell 27, December 9, 2013 ª2013 Elsevier Inc. 483
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Systems Biology
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It’s not about using computers to process biological data or to simulate 
biophysical models,  

but  

to understand the biological system itself as a computing process,  
reverse-engineer its “algorithms” and its “grammar”,
and be able to reprogram (re-engineer) it.

biological processes are inherently algorithms that nature has 
designed to solve computational problems. 
                                     algorithmsinnature.org
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Computing in Biology
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Computer science will be 
for 2020 biology what 

mathematics is for today’s 
physics.

Microsoft Report “2020 Science”
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Source Code —> Algorithms
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Bilder: Wikipedia

???



Computer Science Topics

High-Performance Computing / SE

Computer 
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Figure 6. (color) Spatiotemporal evolution of polarity and velocity fields for (a/ac) = 100. (a), (b), (c) Polarity field across the
computational domain at large times t = 381, 381.2 and 381.4. The polarity field is indicated by cylindrical rods. The Franck
free-energy density of the polarity field (Eq. 5) across the computational domain is color coded. (d), (e), (f) The corresponding velocity
field along with its streamlines at large times t = 381, 381.2 and 381.4. The arrows denote local velocity normalized by the maximum
magnitude of velocity across the computational domain. The direction of the arrows therefore indicate the local flow direction, and the
length of the arrows indicates the relative magnitude of velocity. The one-dimensional curves are the instantaneous streamlines of the
velocity field. The local speed of flow is color coded. See Sec. Model for model details and Sec. Choice of parameters in
Sec. Methods for the parameters used to simulate the model. The horizontal direction towards the right is the positive x-direction and the
vertical direction towards the top is the positive y-direction.
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INF-D-510: Grundlagen des Nebenfachs (Beginn 3. FS, 7 LP)

INF-D-920: Vertiefung im Nebenfach (Beginn 5. FS, 15 LP)

Winter:     Allgemeine Genetik I (2/0/0, Pflicht)
Sommer:  Allgemeine Genetik II (2/0/0, Pflicht)

Winter:    Physiologie der Tiere (2/0/0, Pflicht)
               Physiologie der Mikroorganismen (4/0/0, Pflicht)
Sommer: Entwicklungs- und Zellbiologie (2/0/0, Pflicht)
                Applied Bioinformatics (2/0/0, Pflicht)


