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Abstract:

Nanoparticles (NPs) in the extracellular matrix are immediately coated by layers
of biomolecules forming a "protein corona". The protein corona gives to the NPs
a "biological identity" that regulates the NP-cell interaction. Therefore, the cell
uptake of the NPs is strongly affected by the protein corona. For this reason
learning to predict the biological identities of NPs based on a partial
experimental knowledge is essential to foresee a priori the safety implications of
a NP for human health and, more in general, the environment.

To this goal we propose a multiscale approach that, adopting numerical
techniques from all-atoms simulations [1] to coarse-grained models for protein-
protein [2] and protein-NP interactions [3], accounts for the effect of interfaces
on the hydration layer [4,5] in the description of proteins [6] and NPs in water
[7]- The approach allows us to predict the protein corona assembly based on a
partial experimental knowledge of the protein affinities for NPs with a specific
physico-chemical composition and the size [8].

Specifically, we study, by numerical simulations, the competitive adsorption of
proteins on a NP suspended in blood plasma as a function of contact time and
plasma concentration. We consider the case of silica NPs in a "simplified" blood
plasma made of three competing proteins: Human Serum Albumin, Transferin
and Fibrinogen. These proteins are of particular interest because they have a
high concentration in plasma, or because they are the most abundant in the
corona of silica NPs. Our results are compared with experiments made under the
same conditions showing that the approach has a predictive power [4].

References:

[1] M. Bernabei, G. Franzese et al. in preparation; see also T. Kesselring, G.
Franzese, S. V. Buldyrev, H. ]. Herrmann, H. E. Stanley, Nanoscale Dynamics of
Phase Flipping in Water near its Hypothesized Liquid-Liquid Critical Point,
Scientific Reports (Nature Publishing Group) 2, 474 (2012).

[2] L. Xu, S. V. Buldyrev, H. E. Stanley, G. Franzese, Homogeneous Crystal
Nucleation Near a Metastable Fluid-Fluid Phase Transition, Physical Review
Letters 109, 095702 (2012).

[3] P. Vilaseca, K.A. Dawson, G. Franzese, Understanding and modulating the
competitive surface-adsorption of proteins, Soft Matter, 9, 6978 (2013).

[4] M. G. Mazza, K. Stokely, S. E. Pagnotta, F. Bruni, H. E. Stanley, G. Franzese,
More than one dynamic crossover in protein hydration water, Proceedings of the
National Academy of Sciences of the USA 108, 19873 (2011).



[5] V. Bianco and G. Franzese, Critical behavior of a water monolayer under
hydrophobic confinement, Scientific Reports (Nature Publishing Group) 4, 4440
(2014).

[6] G. Franzese, and V. Bianco, Water at Biological and Inorganic Interfaces, Food
Biophysics, 8, 153 (2013).

[7] E. G. Strekalova, M. G. Mazza, H. E. Stanley, and G. Franzese, Large decrease of
fluctuations for supercooled water in hydrophobic nanoconfinement, Physical
Review Letters 106, 145701 (2011).

[8] O. Vilanova, ].J. Mittag, P. M. Kelly, S. Milani, K.A. Dawson, J. Radler, G.
Franzese, Predicting the kinetics of Protein-Nanoparticle corona formation in
model plasma, in preparation.



