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process
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Heidelberg, 27 September 2006 – The life of a cell is all about
growing and dividing at the right time. That is why the cell cycle
is one of the most tightly regulated cellular processes. A control
system with several layers adjusts when key components of the
cell cycle machinery are produced, activated and degraded to
make sure that the schedule is kept. These layers of control work
differently and are usually studied separately, but researchers at
the European Molecular Biology Laboratory (EMBL) and the
Technical University of Denmark (DTU) have now discovered
that they change in a highly coordinated fashion during evolu-
tion. The study, which will be published in this week’s online
issue of Nature, also reveals that although most components of
the cell cycle have been conserved over one billion years, the tem-
poral regulation of this process has evolved remarkably fast.
The cell cycle is so fundamental for a cell that its machinery has
been almost entirely conserved through evolution. Crucial com-
ponents are made only at specific times to ensure that each
machine is active only during the right phase of the cycle.
Comparing cell cycle genes that are conserved between humans,
yeasts and thale cress, Peer Bork and colleagues at EMBL and

DTU found that while many genes in each organism are
expressed only at specific times of the cell cycle, it is not the same
genes that are temporally regulated in each species. 
“Regulating processes by controlling the time at which genes are

expressed is a strategy that is conserved,” says Peer Bork, joint
coordinator of EMBL’s Structural and Computational Biology
Unit, “but details of which genes are regulated in this way and the
exact timing of their expression have changed a lot throughout
evolution. What is really surprising is the speed at which these
regulatory systems evolve. We are talking about roughly 100 mil-
lion years for a big change. On the timescale of evolution this is
incredibly fast for such a central process.”
To have a safety net when temporal control at the gene level fails,
cells also regulate the activity of cell cycle proteins directly,
switching them on and off and modifying them at particular sites.
A closer look at these proteins revealed that changes in the con-
trol of gene expression often go together with changes in the reg-
ulation of the corresponding protein. 
“To our surprise, we found that these two different mechanisms
of temporal control evolve together in a coordinated fashion,”
says Søren Brunak, Professor at DTU. “This double layer of con-
trol seems so important that evolution has conserved it despite
dramatic changes in the regulation of each mechanism.”
The new insights gained have broad implications. The principles
discovered might govern also the control of other temporally reg-
ulated systems like embryonic development. The fast evolution of
temporal regulation also raises the question in how far general
conclusions about regulatory systems can be drawn from study-
ing simple model organisms like yeast or fruit flies.
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Three organisms use the same molecular machines (represented as grey
boxes), but regulate different parts (highlighted in green, yellow and red in
human, budding yeast and fission yeast).

                       



About EMBL
The European Molecular Biology Laboratory is a basic research institute funded by public research monies from 19 member states
(Austria, Belgium, Croatia, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland and the United Kingdom). Research at EMBL is conducted by approximately 80 independent
groups covering the spectrum of molecular biology. The Laboratory has five units: the main Laboratory in Heidelberg, and Outstations
in Hinxton (the European Bioinformatics Institute), Grenoble, Hamburg, and Monterotondo near Rome. The cornerstones of EMBL’s
mission are: to perform basic research in molecular biology; to train scientists, students and visitors at all levels; to offer vital services
to scientists in the member states; to develop new instruments and methods in the life sciences and to actively engage in technology
transfer activities. EMBL’s International PhD Programme has a student body of about 170. The Laboratory also sponsors an active
Science and Society programme. Visitors from the press and public are welcome.
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