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Fig. 1 Scheme for the gene toggle switch network
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Fig. 2 The effect of intracellular noise intensity D on the synchronized switching

in multi-cellular toggle switch systems coupled by quorum sensing

(a) Quantified by the order parameter R. (b) Shown by the amplification factor 5. (c) Shown by the time evolution of Lacl concentrations of five cells for

100 cells at D=0.05, where intracellular noise-induced synchronized switching is clearly observed. The insets show three representative distribution

histograms of the concentration of protein Lacl for initial time, low states and high states.
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Fig. 3 The effect of extracellular noise intensity D ., on the synchronized switching

in multi-cellular toggle switch systems coupled by quorum sensing

(a) Quantified by the average synchronization error (ASE). (b) Shown by the amplification factor 7. (¢) Shown by the time evolution of Lacl

concentrations of five cell for 100 cells at D=0.005, where extracellular noise-induced synchronized switching is clearly observed. The insets show three

representative distribution histograms of the concentration of protein Lacl for initial time, low states and high states.
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Fig. 4 The extracellular noise enhances the synchronized switching
(a) The order parameter R. (b) The amplification factor . ---: Dy = 0; oo : Doy = 0.001; — : D = 0.005.
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Fig. 5 An example that extracellular noise can induce/enhance the synchronized switching
in the case that intracellular noise cannot induce the synchronized switching, where D=0.005
(a) The time evolution of concentrations of five Lacl proteins for 100 cells at D.,= 0, where the synchronized switching is not achieved. (b) The time

evolution of concentrations of five Lacl proteins for 100 cells at D= 0.006, where the synchronized switching is achieved.
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(a) k =1, the ensemble of cells fluctuate around a single stable state. (b) k& = 3,

ensemble of cells exhibit pronounced synchronous switching.
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Noise-induced Synchronized Switching of a Multicellular System”
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("School of Life Science, Sun Yat-Sen University, Guangzhou 510275, China;
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Abstract Genetic bistable systems are a large class of important biological systems. Bistability, the capacity to
achieve two distinct stable steady states in response to a set of external stimuli, arises within biological systems
ranging from the A phage switch in bacteria to cellular signal transduction pathways in mammalian cells. On the
other hand, the increasing experimental evidence in the form of bimodal population distribution has indicated that
noise plays a very key role in the switching of bistable systems. However, the physiological mechanism underling
noise-induced switching behaviors has not been well explored yet. In the previous work, it has been showed that
noise can induce coherent switch for a single genetic Toggle switch system. Here the influence of several kinds of
noises (including intracellular and extracellular noises) on synchronized switch was investigated for a multicell
gene toggle switch network system. It has been found that multiplicative noises resulting from fluctuations of either
synthesis or degradation rates and the additive noise within each cell (they altogether are called as intracellular
noises) all can induce the synchronized switch, and that there exists an optimal noise intensity such that the
synchronized switch is optimally achieved and the amplification factor has the maximal value. On the other hand,
the extracellular noises arising from the stochastic fluctuation of the cellular environment, not only brings about the
synchronized switch, but also enhances it by suppressing intracellular fluctuations when the intracellular noises are
not enough to induce the synchronized switch. Finally, the influence of the diffusive rate of signal molecules
affected by noise on the dynamics of the multicellular system was also investigated, showing that the larger the
diffusive rate, the better the synchronized switch and the larger the amplification factor.

Key words noise synchronized switching, genetic toggle switch, quorum-sensing mechanism, synthetic gene

regulatory network
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