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Optogenetic control of gene expression and Cell-computer Interfaces 
 

Time lapse fluorescent imaging of cells exposed to time varying stimulus can be used to quantitatively probe the 
dynamical behavior of such regulatory motifs. In such an experimental framework, cells are often seen as complex 
machines, which response functions can be measured by time varying stimulations, as it is classically done in 
electrical and mechanical engineering. Several recent studies have used such approaches to constrain the 
modeling of regulatory gene networks and signaling pathways. We are, however, far from being able to construct 
models of biological processes which are as predictive and robust as it is usually the case in physics and 
engineering. One of the main difficulties is the limited knowledge of the cell state (metabolism, cell cycle, size, 
age…) that can be accessed through fluorescence imaging and the existence of noise associated with gene 
transcription. In turn, this strongly limits our ability to drive cellular processes, such as gene expression, over long 
time with a quantitative accuracy. Nevertheless, having a mean to externally control, in real time, the expression 
level of a gene of interest, and use this to generate time varying perturbations from within a regulatory network 
would be a major step towards a better, quantitative understanding of how a cell functions. This would also have 
important consequences for applied biotechnology. Indeed, a major challenge of synthetic biology is to engineer 
cells that can robustly perform a synthetic program in a broad range of environmental conditions and despite the 
stochastic nature of gene expression. 
  

Figure 1. Real time control platform16. It is composed of a 
microscopy system, a micro-fluidic device to change in real 
time the extracellular environment (left), and a set of 
algorithms to segment the images, measure the fluorescence 
of every cells (bottom) and estimate the deviation from the 
desired real time profile of gene expression (right). Different 
control strategies and state estimation have been tested 
successfully. For the CoGEx Project, we will upgrade this 
system into a versatile platform for the control of population of 
cells or single cells using chemical or light inducible gene 
expression systems.  

 
This motivated us to develop a real time, computer based feedback loop control of gene expression in 
yeast cells. The principle of controlling a dynamical system thanks to a feedback loop has been used extensively 
in engineering and is a key feature of most electromechanical tools of our everyday life. The basic idea is simple: 
monitor the readout and operate a change on the system to adjust it in real time so that it follows a given target 
profile. This permits to compensate for environmental fluctuations and un-modeled dynamics. Implementing such 
strategy in biological systems turned out to be a challenge that we and two other teams recently solved (Ulhendorf 
et al. 2012, Milias-Argeitis et al. 2011, Toettcher et al. 2011). In particular, we were the first to successfully force the 
level of expression of a fluorescent reporter gene in yeast to follow a time varying profile at the population and at 
the single cell level over multiple cell generations. This puts us in a unique position to develop experimental 
systems aiming at controlling cellular processes through cell-computer interfaces. 
 
In this context, we are now further developing the experimental and theoretical tools for the computer-based 
remote-control of live cells. We are looking for a M2 internships to help us improve our open platform based so that 
we can use optogenetic for the control of gene expression in yeast and/or the control of signaling pathways in 
mammalian cells. This work will be done in close collaboration with G. Batt (INRIA) with whom we have a long 
lasting collaboration.  
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