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Multiple biological processes involve the mechanical response of proteins and nu-

cleic acids. Stretching and compressive forces induce local changes in their struc-

ture that can inhibit or enhanced the binding to other biomolecules, thus affecting 

their functionality. Experimental tools like optical and magnetic tweezers [1], and 

atomic force microscopy (AFM) [2] have paved the way for measuring the force-

structure relation under physiological conditions in systems ranging from single 

molecules to viruses and cells.  

In this talk, I’ll discuss the challenges involved in simulating the adsorption of large 

biomolecules and their mechanical response. We have developed tools, based on 

robust and well-tested molecular dynamics (MD) biochemistry codes [3,4], to cal-

culate the mechanical properties of complex systems composed by millions of at-

oms, while retaining an atomistic detailed description of the system. In particular, 

we’ll  show how these methods allow us to describe the mechanical properties of 

systems with an increasing range of complexity: (i) The dynamical ordering of wa-

ter molecules over hydrophobic surfaces (e.g. graphene) and how it can be detect-

ed using AFM [5]; (ii) How MD simulations allow us to understand and guide the 

controlled adsorption of the most abundant plasma proteins (albumin and anti-

bodies) to hydrophobic surfaces, thus enabling the development of better biosen-

sors [6-8]; (iii) the atomistic origin of the striking differences in the mechanical 

properties of DNA and RNA is spite of their common double helix structure [9]; (iv) 

the electronic transport across redox metalloproteins [10], and  (v) the atomistic 

deformation mechanisms behind the local effective elastic modulus extracted with 

continuum models from AFM measurements on antibodies. 
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