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Protein crystallization is a routinely practiced and important technique 
for structure elucidation of biological macromolecules, yet its mecha-
nisms are poorly understood. Addressing the underlying fundamental 
question poses formidable theoretical challenges at the intersection of 
structural biology, chemical engineering and multiscale simulation. 
Here, we use molecular dynamics simulations and Metadynamics free 
energy methods to unravel pathways to the crystallization of a patchy 
shape model of rubredoxin. Our large scale simulations feature realistic 
molecular shape and reproduce the experimentally observed P212121 
structure. The model demonstrates the importance of non-specific 
shape and non-native contacts for crystallization, and includes a tun-
able pathway from direct to two-step nucleation.
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