
2017_Proposal for six-month internship (M2) 
 
Subject: Control of specificity and diversity in gene regulation by protein interactions: Study by 
computational techniques  
 
Gene regulation is central to developmental, evolutionary and pathological processes, and largely 
relies on the activity of transcription factors that form large regulatory complexes with DNA. Little 
is known about how such regulatory complexes provide specificity and diversity in gene regulation. 
During the 6-months internship the student will focus on how dynamics of protein-protein and 
protein-DNA interactions endow such regulatory complexes with specific transcriptional 
properties. The project will rely on the use of a wide range of state-of-the-art computational 
techniques, and Hox proteins, key regulators of development and evolution, as a general paradigm 
for transcription factors [1,2], regarding the structure-related aspects. During this internship, the 
student will master essential computational techniques ‒ structure prediction using homology 
modeling, molecular dynamics and free energy simulations. He (she) will simulate various Hox 
proteins, either free in solution or bound to DNA and/or to other protein, with the objective to 
shed light on possible mechanisms of allosteric regulation. Another important question that will be 
addressed is whether interactions between transcription factors have plasticity that has been 
recently suggested. To test this hypothesis, the student will use the free energy simulations 
techniques, including implicit solvent Poisson-Boltzmann method to probe protein-protein and 
protein-DNA interactions. Characterization of allosteric regulation will be performed with our 
original approach - MOdular NETwork Analysis (MONETA) [3]. The proposed project will be done in 
close collaboration with the experimental group of Dr. Y. Graba (Developmental Biology Institute of 
Marseille, IBDM) which will first provide the structures for simulations and further perform 
experimental tests to validate the computational findings. The topic will be extended to the PhD 
thesis project.    
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Required competence: The student should possess an excellent skill in mathematics/statistics or 
theoretical physics and computational/structural biology or engineering/computer sciences. 
Previous experience with the Linux environment and basic script programming is desired, but not 
mandatory. Strong dedication to the project is essential and, thus, mandatory.  
 

Supervision: The student will perform the project in the Centre de Mathématique et de Leurs 
Applications located in ENS Cachan/Université Paris-Saclay under the supervision of Dr. Luba 
Tchertanov and Dr. Alexey Aleksandrov.  
   
Contact :  
Luba Tchertanov, Directeur de Recherche, CNRS  Alexey Aleksandrov, Chercheur, CNRS 
CMLA-ENS de Cachan,     Laboratoire de Biochimie (UMR 7654),  
61 avenue du Président Wilson    Ecole Polytechnique, Route de Saclay 
94235 CACHAN CEDEX, France    91128 PALAISEAU CEDEX, France 
 

Tel: +33 (0)1 4740 5905     Tel: 01 69 33 48 92 
Cell: +33 (0)6 6115 9611 
Fax: +33(0)1 4740 5901      Fax : 01 69 44 49 00 
e-mail: Luba.Tchertanov@ ens-cachan.fr  e-mail : Alexey.Aleksandrov@polytechnique.fr 
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