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Protein structural ensembles from 3D and 2D cryo-EM data 
 

Understanding the molecular mechanisms employed by biological systems to carry out their functions is 

often essential for rationally targeting associated diseases. In many cases, determining the 

threedimensional (3D) structure of these systems provides valuable insights. However, it is frequently the 

interplay between structural and dynamical properties that determines the behavior of complex systems. 

While both experimental and computational methods are invaluable tools for studying protein structure and 

dynamics, limitations in each individual technique can hinder their capabilities [1]. Here, I will present two 

integrative computational-experimental approaches to combine cryo-electron microscopy (cryo-EM) data 

(and more) into molecular dynamics (MD) simulations to determine accurate protein structural ensembles 

[2,3]. I will showcase the capabilities of these methods using different applications to biological systems of 

outstanding interest. First, I will illustrate how accurate protein structural ensembles can be obtained from 

3D cryo-electron microscopy maps with our recently developed EMMIVox approach [4]. Then, I will focus on 

characterizing the structural and dynamic properties of the CyaA toxin by combining coarse-grained MD 

simulations with Hydrogen/Deuterium eXchange Mass Spectrometry (HDX-MS), Small Angle X-ray 

Scattering (SAXS), and 2D single-particle cryo-EM data. Finally, I will show how AlphaFold2 and single-

particle cryo-EM images can be synergistically used to characterize the alternative, functional states of a G-

Protein Coupled Receptor.
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