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A maghemite nanoparticle with a diameter of 9 nm was constructed from the original single 

crystal of a maghemite lattice (Figure S1). The model particle has 87 682 ferrum atoms and 108 

966 oxygen atoms. 

 

Figure S1: Crystal structure of a maghemite nanoparticle, 9 nm in diameter. Fe-1 is the 

tetrahedral field ferrum atom, Fe-2 is an octahedral field ferrum atom, and O is an oxygen 

atom, built with Diamond 4.5.3. 

Main proteins of the blood plasma are albumin, fibrinogen and immunoglobulin G. The search 

of binding sites of protein molecules was performed using the LeadIT 2.3.2 program. Crystal 

structures of proteins were from the on-line Protein Data Bank (PDB) service. Human albumin 

molecule (PDB ID: 1E7H) has only one polypeptide chain in its structure [1]. Two specific binding 

sites, one of the 34 amino acid residues, and the other ‒ 21 residues were detected for this molecule 

(Figure S2a,b). 

 

(a) 

 

(b) 

Figure S2: Three-dimensional image of the molecular-spatial structure of albumin. (a) 

Prepared structure for analysis without crystalline water (chain A); (b) structure with 

dedicated binding sites. 

The fibrinogen molecule (PDB ID: 1MI1J) consists of 6 chains that form pairwise subunits: 

A and D chains form the α-subunit, B and E – β-subunit, and C and F – γ-subunits of fibrinogen 



S3 

[2]. Fibrinogen is much larger than a nanoparticle of 9 nm. Therefore, for this molecule only the 

sites of binding were considered (without further simulation of the nanocomposite formed by 

several nanoparticles). Figure S3 showed the image of the molecular structure for further analysis, 

and the structure after the computer processing. 

 

(a) 

 

(b) 

Figure S3: Three-dimensional image of the molecular-spatial structure of fibrinogen. (a) 

Structure without crystalline water (chains A, B, C, D, E, F); (b) structure with nanoparticle 

binding sites. 

Because of their size, the chains A and D have rather large twisting angles and are constantly 

in motion, which causes their low ability to attach to the nanoparticle. The sites that are at the ends 

of molecule have a lot of electronegative amino acid residues that can explain the affinity to the 

ferrum atoms. 

Immunoglobulin G2a, a monoclonal antibody (PDB ID: 1IGT), has antigen-binding sites 

(chains A and C) in its structure, as well as two H-chains (chain B and D) [3]. IgG can attach to 

the nanoparticle with the H-chain [4]. As shown by the computer analysis, the IgG molecule has 

three specific docking sites to the Fe2O3 (Figure S4). 

 

(a) 

 

(b) 

Figure S4: A three-dimensional image of the molecular-spatial structure of human IgG. (a) 

Structure without crystalline water (chains A, B, C, D); (b) probable sites for nanoparticle 

binding. 

The programmed calculation of the doping of the ligand with the receptor should include 

changes in the dynamic transformation of the molecule, such as shifts and turns, as well as internal 

changes in the structure, including the rotation of the twisting angle. Each of these steps in the 
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conformational space of the ligand constantly changes the overall energy level of the system. Thus, 

the total energy of the system is calculated after each movement [5]. To construct a graphic model 

of a biomodified nanoparticle, data from a computer analysis of the most probable domains of 

binding of each protein to the surface of the maghemite nanoparticle were used. The construction 

of the graphic model was performed only for the rigid layer of biocorona, that is, computer 

simulation of the direct interaction of the protein as a ligand compound with a spherical surface 

layer of iron oxide as a receptor structure. The simulation of the fibrinogen interaction with 

nanoparticles was not carried out because of the over-sized model particle. Doping of protein 

molecules into nanoparticles and subsequent graphical optimization were performed using the 

programs ArgusLab 4.0.1 and Material Science Suite 2015 (Figure S5). The number of protein 

molecules forming the biocorona layer amounted to seven albumin molecules and three IgG 

molecules. 

 

Figure S5: Three-dimensional model of a maghemite nanoparticle biomodified with plasma 

proteins. The nanoparticle on which immunoglobulin G (yellow) and albumin (white helices) 

molecules are adsorbed. 
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