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In a biological environment, the adsorption of proteins on nanoparticles (NPs) is an early 
process that leads to major changes of the physicochemical properties and the biological 
effects of NPs. The formation of the so-called protein corona drives NP-cell interaction, 
NP biodistribution, and NP toxicity in vivo. However, few experimental techniques allow 
for the analysis of the protein corona in situ. As a result, little is known on its structure. 
 
Using silica NPs and a library of purified hemoproteins with sizes ranging from 2.8 to 22 
nm in diameter (17 to 3,600 kDa in MW), we investigated the effect of protein size on the  
protein corona assembly by cryo-TEM. Our observations revealed that larger proteins, 
composed of more than a hundred subunits, form open networks with NPs rather than a 
homogeneous monolayer of proteins decorating the surface as observed for smaller 
ones (Figure 1) [1]. The ability of each protein to bind to several NPs drives the formation 
of novel supramolecular assemblies, while preserving protein structure and function, 
here in terms of oxygenation properties. By combining cryo-TEM and synchrotron 
radiation circular dichroism, we further showed that NPs can stabilize partially unfolded 
protein conformations, thereby driving the formation of a ‘soft protein corona’ consisting 
of small weakly bound proteins directly adsorbed to the surface, a dynamic process 
associated with the partial loss of protein structure and stability (Figure 2) [2]. These 
results highlight the need for in situ analytical approaches to investigate the structuring 
and driving forces of protein adsorption on nanomaterials to better our understanding of 
their effects in biologically relevant conditions.  
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