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Non-equilibrium fluctuations of biochemical networks

                 The fundamental observables of non-equilibrium systems are currents, and their 
statistics has been the focus of intense research for many years. Recently, a set of 
thermodynamic uncertainty relations have been obtained [1] and then proven rigorously 
using large deviation theory [2]. These relations constrain the fluctuations of all currents by 
the average dissipation. Therefore, these relations express a fundamental trade-off between 
precision and dissipation, which could be a central design principle for living systems. 
Indeed, living systems seek to achieve selectivity for their function and reproduction, but 
there is a thermodynamic cost for that (see the related literature on the specificity of 
chemical reactions in the context of kinetic proofreading). 

             Building on previous work done in our group on this topic, we propose in this 
internship/thesis to investigate the physical information which can be extracted from non-
equilibrium fluctuations of biochemical networks. For instance, can relations of the type of 
uncertainty relations be used to infer topological information about the network ? Is it 
possible to infer thermodynamic quantities from coarse-grained non-equilibrium 
fluctuations ? What is the interpretation of these relations at the level of fundamental 
cycles of the network ? What are the implications regarding the flow of information and 
energy within the network ? While our project is primarily theoretical, we also envision 
potential applications mainly in the context of biochemical systems, in particular for 
enzyme kinetics or for the metabolism of living systems). 

          To summarize, while only basic knowledge on stochastic processes is required for 
this internship, a curiosity for Non-equilibrium Statistical Physics and Thermodynamics, 
and for topics at the Biology-Physics interface would be a plus. 

References: [1] A. C. Barato and U. Seifert, Thermodynamic uncertainty relation for 
bimolecular processes, Phys. Rev. Lett. 114, 158101 (2015); https://arxiv.org/abs/1502
.05944.
[2] T. R. Gingrich, J. M. Horowitz, N. Perunov and J. England, Dissipation bounds all 
steady-state current fluctuations, Phys. Rev. Lett. 116, 120601 (2016).

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES
Quantum Physics:  YES   Theoretical Physics: YES


