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Importance of protein adsorption on carbon allotropes: from biomaterials to separation techniques
by molecular dynamics study

Protein adsorption on carbon allotropes is an important process in different fields. Using molecular dynamics (MD)
simulations, the adsorption of an albumin fragment, the most abundant blood protein, and of two fibronectin modules,
important for cell adhesion, are studied to understand the first interaction when biomedical devices interact with biological
fluids. Graphene favorably interacts with proteins, while two flat planes yield better interaction inducing larger conformational
changes for the softer albumin, compared to fibronectin because of its stable X-sheets. Interesting is the peculiar surface ordering
obtained upon adsorption. Different topographies of carbon nanostructures influence protein adsorption. Armchair SWCNTs,
similar to a graphene surface having different curvature, interact with proteins both on the external and on the internal surface.
Using MD simulations we found that increasing the curvature, increases the interaction strength. When encapsulated in the
inner nanotube surface, proteins better interact maximizing the CNTs surface adhesion, forming non-covalent complexes with
larger stability. Considering finally armchair and chiral CN'Ts having similar curvature, the adsorption of an albumin X-helix
on outer convex and on inner concave surface is studied. In the final adsorbed state, the oligopeptide maximizes its contact
with the surface, displaying complexes with unlike stability. Therefore, MD simulations in this theoretical study suggest the
possible separation of chiral enantiomeric nanotubes by interaction with chiral oligopeptides. Also, they suggest the possible
use of aligned chiral SWCNTSs as stationary phase for racemic mixtures separation, and in proteomics, because favorable
protein—-nanotube interaction would yield different retention times.
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