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How does fluctuation facilitate adaptation? 

 
1. Introduction 

Metabolic and genetic networks in cells are composed of countless reactions among 
various molecules, such as proteins, RNAs, phospholipids, etc. As these reactions 
run at finite temperatures and the numbers of certain molecules are quite few, 
stochastic noises in reaction rates are inevitable. In cells, in which embedded full 
of genetic auto-regulation networks, these stochastic noises cause the phenotypic 
fluctuation, which may contribute to the environmental adaptation. Here, we try 
to answer the following question: how does the phenotypic fluctuation facilitate 
the adaptive response of gene networks to environmental changes?  
 

2. Genetic design 
A well-designed mutually inhibitory network, as illustrated in Fig. 1, was 
embedded into E. coli cells. The well-known operon principle (feedback 
auto-regulation) and the auxotrophic characteristics (prerequisite condition for 
growth) were employed in the genetic construction. As shown, each operon 
expresses three proteins, a repressor protein (LacI or TetR) for negative regulation, 
a fluorescent protein (GFP or RFP) for quantitative detection, and a metabolic 
enzyme (GLN-H or DHFR) for selectable induction.  

 
3. Phenotypic observation 

Gene expression, under the control of the synthetic bistable gene switch, 
specifically toward the environmental changes was clearly observed. Under a 
nutrient-rich condition, cells were found to differentiate  stochastically and 
equally to two stable states (Fig. 1, arrow B) (attractorsattractors), where either 
operon was highly expressed (the other was suppressed). This differentiation is 
attributed to the nonlinear nature of the double feedback network. On the other 
hand, when the essential nutrient (e.g. tetrahydrofolateglutamine) was depleted, 
most cells shifted to the beneficial adaptive attractor side (Fig. 1, arrow A), where 
the genetically encoded enzyme (e.g. mDHFRGLN-H) could potentially 
compensate for the depleted nutrient. 
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Figure 1 Mechanism of the fitness-induced attractor selection. 

 
4. Theoretical explanation 

A theoretical model of The the environmental adaptation led to the proposal of 
well explained the following mechanism of the fitness-induced attractor selection 
here. In a word, the weakened genetic regulation, due to the low cellular activity, 
allows the noise dominate the gene expression dynamics, and results in a large 



 

fluctuation. Most cells , assisted by such phenotypic fluctuation, were able to 
return to the neutral state and finally reached the adttaptive attoractor (beneficial 
side) where they produced energy to growAccording to the experimental results, a 
theoretical model for such adaptive attractor selection was proposed, as well as the 
corresponding mathematical simulation.  
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