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Introduction Results

The gool of this work 1s theoretically substantiate study of molecular mecha-
nisms formation of metal sulfide nanoparticles by bacterial analysis using the bacte-
ria Bacillus subtilis 168 [1]; it 1s actively used for the diagnosis and 1n vivo of vari-
ous bioprocesses, as well as for targeted therapy of tumor.
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The main characteristic of Bacillus subtilis 168 bacteria for production of zinc
sulfide nanoparticles by biosynthesis [1] is that the only one protein involved in the
bacterial processing 1s flagellin. Flagellin 1s present in bacteria flagella. This protein
is able to create a hollow cylindrical structure due to its unique mobility
characteristics.

The molecular structure of the flagellin Bacillus subtilis 168, calculated in Avogadro, where oxygen at-
oms are marked in red, nitrogen in blue, carbon in dark gray, and hydrogen in gray;
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.&, Materials & Methods

The behavior of flagellin in aqueous solutions of salts used in the synthesis of
zinc sulfide nanoparticles was studied using molecular dynamics methods. The ami-
no acid sequence of flagellin 6GOW is taken from the international protein database

RCSB PDB [2]. P - ) - j
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Based on the analysis of the average radius of inertia, the dynamics of flagellin
molecules 1s studied. The calculations were performed using the GROMACS soft-
ware package using the force fields AMBER99SB-ILDN protein, nuclear AM-
BER94 (Lindorff-Larsen et al., Proteins 78, 1950-58, 2010) [3] and a three-point
TIP3P solvate.

As aresult, a solvated electroneutral system consisting of protein and ions was
obtained.

v v @ ¥
o o
o © 0

«
The molecular structure of Bacillus subtilis 168 flagellin, calculated in VMD, where oxygen atoms

are marked in red, nitrogen atoms in blue, carbon atoms in blue, hydrogen atoms in white, and zinc
ions in green;

It was found that in a solution containing chlorine and zinc 1ons, the average radi-
us of inertia gradually decreased (in the graph in Fig. (a), the radius of inertia of the
protein in the presence of zinc 1ons 1s indicated in black, without zinc ions - in red).

As a result of studying the trajectory of the flagellin molecule, it was noticed that
in the presence of zinc 1ons, the radius of inertia of flagellin decreased. This indi-
cates that there 1s an electrostatic interaction between zinc 1ons and flagellin amino
acids, as a result of which the mobility of molecules decreases and zinc sulfide na-
noparticles are formed. In addition, the frequency of hydrogen bonds between pro-
tein molecules and zinc 1ons increases over time, as shown in graph (c¢).
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The dependence of the radius of inertia of the protein in a solution of zinc (Zn)
and chlorine (Cl) ions on temperature was also studied. It follows from graph (b)
that flagellin sought to occupy a more compact structure at T = 300K.
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Concussions

Thus, according to the results of molecular modeling, it can be concluded that
in the presence of zinc 1ons, the degree of complexation of the flagellin molecule
increases significantly, which contributes to the formation of metal nanoparticles,
and this process occurs most effectively at 300K (26.8 °C) — a temperature close
to room temperature, when all biological processes are most active. An increase in
the number of hydrogen bonds with a decrease in the radius of inertia confirms the
electrostatic mechanisms of complexation in the case of flagellin amino acids and
Zinc 10ns.
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