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Abstract. 
 
Biology is noisy at all levels, from molecules to cells, tissues, organs, communities, and 
ecosystems [1]. While thermodynamic processes in the ordinary matter are driven by 
free-energy minimization, living matter delineates a fascinating evolutionary state 
governed by information flows across all organizational levels [2]. While we know how 
to measure energy and entropy in physical systems, we have poor general knowledge 
about measuring information content. Recent developments in stochastic 
thermodynamics of feedback systems and single-molecule experiments [3,4] show that 
information content equals free energy differences between disordered populations. A 
fluctuation theorem for mechanical work and information content is applied to a 
mutational ensemble of DNA hairpin folders with different base pair mutations. The 
thermodynamic information-content correlates but is higher than the Shannon entropy 
of the mutational ensemble.  
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