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Dept. Estructura i Constituents de la Materia

Facultat de F́ısica
Universitat de Barcelona

08028 Barcelona

Introduction. Genetic regulatory networks are bio-
chemical systems which frequently work with very low
copy numbers of the relevant molecules, and therefore
noise can affect their behaviour in essential ways1. An
example of this can be seen in the experiments performed
by Acar et al. on the galactose signalling network in S.
Cerevisiae yeast2. This is a bistable system with high-
concentration (ON) and low-concentration (OFF) states
and shows stochastic switching between these states2.
Acar et al2 observed that the rate of this switching de-
pended on the state of origin: for the same energy barrier
to be overcome, cells switched with a higher rate from
ON to OFF than the opposite. We seek to explain this
phenomenon through the use of stochastic methods and
a simple model.

Methods. The galactose signalling network forms a
positive feedback loop mediated by 3 different molecules.
To simplify the analysis, we chose to model it as an au-
toactivating loop (a positive feedback loop with no inter-
mediates) in which the molecule promotes its own pro-
duction according to a Hill function3. The nonlineari-
ty of this function is able to make the system bistable.
For this model, the corresponding Master Equation and
Fokker-Planck Equation can be derived4. The resulting
adimensional Langevin Equation reads

ẋ = A(x) +
√

B(x)ξ(t)

A(x) =
ax2

x2 + 1
− x + R , B(x) =

ax2

x2 + 1
+ x + R

< ξ(t) >= 0 , < ξ(t)ξ(t′) >=
1
V

δ(t− t′)

where a is the maximal production rate, R is a basal pro-
duction rate and V is the cell volume. The noise obtained
from the proper derivation of the Langevin equation is a
multiplicative noise of intensity B(x)

V . For the sake of
comparison we also did all our calculations with an ad-
ditive noise of constant intensity.

We did an analysis of the Mean First Passage Time
(MFPT) from each of the states, both theoretically (al-
though numerically evaluated) from the Fokker-Planck
equation and with simulations, both using the Langevin
equation and the Gillespie algorithm (this last one used
for the Master Equation).

Figura 1. Multiplicative noise is needed to repro-
duce the asymmetry in transition rates A Switching
rates versus deterministic energy barrier calculated for the
model with multiplicative noise. The continuous lines cor-
respond to the numerically evaluated theoretical expression,
and the symbols to Langevin and Gillespie simulations. We
can see how at the same energy barrier, the ON to OFF
switching rate is different than the OFF to ON rate. This
is in agreement with experimental data from Acar et al2.
B Switching rates calculated for the model with an addi-
tive noise instead of a multiplicative one. We can see how
the asymmetry is lost. Numerically evaluated theoretical ex-
pressions have been represented with symbols to be able to
distinguish both switching directions.

Results and conclusions. Our results5 show that
a multiplicative noise reproduces the experimentally ob-
served asymmetry in switching rates, whereas an additive
noise can not, as seen in figure 1. The meaning of this
is that intrinsic fluctuations in the main component of
the system (due to the stochasticity of chemical reac-
tions) can explain the experimental phenomenon. This
points out that intrinsic fluctuations in the numbers of a
molecule can have nontrivial effects in the behaviour of
a system, and in some cases (like this one), adding them
as a correction (as in the case of additive noise) can leave
out relevant information.
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