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Context 
We are interested by the design of an autonomous microfluidic experimental setting able to 
observe and analyze the molecular answer of sets of cells that have been stressed by a 
particular agent. The postdoc will be integrated in a computer science and bioinformatics 
team that has developed collaborations for this project with a biological laboratory working 
on liver metabolism and cancer, and a physical laboratory working on microfluidics.  The 
case study will address the toxicity of simple products on human hepatic cells. The whole 
project includes two aspects: the design of a lab on chip (LOC) and the design of a software 
supervising experiments on the LOC. LOC systems are flexible devices that integrate 
laboratory functions on a single chip at a millimeter or centimeter scale, using microfluidic, 
micromechanical and microelectronic components [1]. The microsystem that will be used in 
this study is made of a transparent material allowing the observation of cells by microscopy. It 
will receive gate and fluid commands through a dedicated command language acting on an 
electronic controller. The supervisor will be based on a formal specification of the 
biological system (at the metabolic and genetic level) and on automated reasoning abilities 
that will allow progressive refinement of the formal model. This way, in every step preceding 
an experiment the formal model is made coherent with the set of all observations made on the 
LOC.  The supervisor will act as a planning agent, able to choose the next hypothesis to be 
tested and to generate the corresponding experimentation plan. This plan will depend on the 
current state of the knowledge base, a set of observable compounds, and a set of 
environmental input parameters (the concentration of the product to be tested, a pH level…). 
In order to look at the chronic effects of dose-repeated exposures, the agent will proceed by 
dynamic planning, refining at each step its plan with respect to observations. 
 
Description of the work 
 This post-doctoral position deals with modeling, logics and optimization in the field of 
bioinformatics.  
Recent advances in molecular biology offer a panel of techniques generating detailed pictures 
of sets of molecules appearing in living organisms in a given environment. From such data, it 
is possible to build formal network models of putative interactions that occur between the 
molecules. An initial network merging genetic regulations (activation or inhibition of protein 
production) and metabolic reactions (molecule transformations) on hepatic cell detoxication 
pathways is available. The aim is to better predict the cell behavior in various situations by 
automatic experiments. The effects of carefully controlled perturbations (drugs) are observed 
by microscopy on particular cell components that are considered as regulators of the stress 
response. From these new measurements on component concentrations and particular 



dynamic behaviors, refined models have to be induced along with new hypotheses leading to 
the design of new experiments aiming at answering a given target query on the biological 
system.  
Several formalization choices are possible to represent the network model. The postdoc will 
start from the work in [2] that tackled solely genetic regulation networks and extend it for the 
proper treatment of metabolic reactions. The approach is discrete/qualitative, a choice that 
drastically reduces the number of parameters and their value domains and allows to infer 
useful properties. It is formalized within the logical framework of Answer Set Programming 
(ASP), a kind of declarative programming where problems are described in terms of predicate 
formulas expanded at compile time to boolean constraint systems [3]. Very efficient solvers 
have been developed for ASP and this project will make use of a conflict-driven answer set 
solver, clasp, which is based on concepts from constraint processing and satisfiability 
checking (SAT). Moreover, ASP stable models semantics uses a minimality principle that 
introduces only necessary objects to build a solution and this principle is very useful to obtain 
efficient programs searching for minimal sets of model parameters. It allows to stay as much 
as possible with a formal calculus and to avoid simulation and the enumeration of possible 
values while looking for the properties that are conserved in a system. 
An initial implementation managing the genetic and metabolic networks is available and will 
serve as the basis of a more complete and operational model of the behavior of observed 
hepatic cells. This requires the definition of various small formal languages in cooperation 
with biologists dedicated to experiment management: representation of observations and 
perturbations, formalization of biological queries and goals, expression of the cost and utility 
of possible operations on the LOC.   
The goal of the post-doc is to propose a generic solver analyzing a set of observations and 
proposing the set of optimal experiments that would allow completing at best cost the 
partially specified network model. Two types of experiments can be designed, either for 
completing the set of interactions or for clarification of possible parameter values. 
 
Interested candidates should ideally have both a background in declarative programming and 
in systems biology. They should have reasonable understanding of biochemical regulatory 
networks and a strong interest in biological applications.  
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