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Motivation
Gene circuits are currently designed with minimum 
consideration of circuit-host interactions. Circuit-host 
interactions may impact the function gene circuits were 
designed for and may hide the true behavior of these circuits. 
Circuit-host interactions, such as growth feedback, must be 
considered in gene circuit design to validate the true function. 
Growth feedback has been found to be topology-dependent in 
memory circuits[1]. To explore the effect of growth feedback on 
other topologies, growth feedback was coupled to known 
circuits capable of adaptation: a negative feedback loop with a 
buffering node(NFBLB) and an incoherent feedforward loop with 
a proportioner node(IFFLP)[2]. Adaptation is important in 
signaling pathways, stress response, and bacteria chemotaxis. 
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To model the adaptation network, a transcription-based 
ordinary differential equation system was used[3]. 

The adaptive behavior of the systems was also observed by 
adding a constant cell growth rate, gr, to the degradation of each 
node. Then, cell growth was coupled to each network by 
modeling cell density as a function of circuit expression[1].

Results

The effect of cell growth feedback on A, B, and C concentrations were modeled 
by adding the following terms to the equations in both ODE systems. 
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NFBLB: As constant growth rate increases, time for 
adaptation to occur increases. System loses adaptive 
behavior when growth rate becomes greater than 0.06. 

IFFLP: Response to input I is greater when constant cell 
growth rate is smaller. Time to adapt decreases with 
increasing constant cell growth rates. 

NFBLB: Steady state of C, [C*], increases 
with increasing constant cell growth rates 
but decreases at a certain point

IFFLP: Steady state of C, [C*], only 
decreases with increasing constant cell 
growth rates

NFBLB: A full spectrum of C dynamics 
is shown for when network is coupled 
to growth feedback. System takes 
longer to adapt to steady state.

IFFLP: A full spectrum of C dynamics is 
shown for when network is coupled to 
growth feedback. As input I increases, 
system takes longer to adapt and the 
steady state to which it adapts to 
decreases. 

Coupling different topologies capable of adaptation can impact time for 
adaptation to occur and the steady state to which it adapts to. When analyzing 
the topologies under constant cell growth rate, the IFFLP keeps its adaptive 
behavior unlike the NFBLB. In coupling these topologies to growth feedback, the 
NFBLB is more adaptive than the IFFLP as it returns closer to its steady state with 
increasing values of input I. Future research in studying the effects of coupling cell 
growth feedback to these topologies includes optimizing adaptive behavior 
through changes to parameters and observing effect of extrinsic and intrinsic 
noise by performing stochastic simulations.


