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Structure -> function



The Cell Cycle

The process consists of four
phases: G1 (in which the cell
grows and, under appropriate
conditions, commits to division),
S (in which the DNA is
synthesized and chromosomes
replicated), G2 (a ‘‘gap’’
between S and M), andM(in
which chromosomes are
separated and the cell is divided
into two). After the M phase, the
cell enters theG1 phase, hence
completing a ‘‘cycle.’’



• The cell-cycle sequence starts when the cell commits to division by
activating Cln3 (the START). The subsequent activity of Clb5 drives
the cell into the S phase. The entry into and exit from the M phase is
controlled by the activation and degradation of Clb2. After the M
phase, the cell comes back to the stationary G1 phase, waiting for
the signal for another round of division. Thus the cell-cycle process
starts with the ‘‘excitation’’ from the stationary G1 state by the ‘‘cell-
size’’ signal and evolves back to the stationary G1 state through a
well defined sequence of states.



In the cell-cycle network much of
the biology seems to be reflected in
the on–off characteristics of the
network components and we are
mainly concerned herewith the
overall dynamic properties and the
stability of the network, we use a
simplified dynamics on the network,
which treats the nodes and arrows
as logic-like operations.



We use the dynamic model described above to study the time
evolution of the protein states. we study the attractors of the network
dynamics by starting from each of the 2^11= 2,048 initial states in
the 11-node network. We find that all of the initial states eventually
flow into one of the seven stationary states (fixed points). Among the
seven fixed points, there is one big fixed point attracting 1,764 or
86% protein states. Remarkably, this super stable state is the
biological G1 stationary state.



We start the cell-cycle process by ‘‘exciting’’ the G1 stationary state
with the cell size signal, and observe that the system goes back to
the G1 stationary state. The temporal evolution of the protein states,
presented in Table 2, indeed follows the cell-cycle sequence, going
from the excited G1 state (the START) to the S phase, the G2
phase, the M phase, and finally to the stationary G1 state. This is
the biological trajectory or pathway of the cell-cycle network.



We see that the dynamic
flow of the protein states is
convergent onto the
biological pathway, making
the pathway an attracting
trajectory of the dynamics.
With such a topological
structure of the phase
diagram of protein states,
the cell-cycle pathway is a
very stable trajectory; it is
very unlikely for a sequence
of events, starting at the
beginning (or at any other
point) of the cell-cycle
process, to deviate from the
cell-cycle pathway.



Function -> structure
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