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1. Introduction

Due to the important biological functions of polymer molecules, studies of the phenomenon of hydration and the
influence of the aquatic environment on the size and structure of molecules are of particular interest." The conformation of
proteins and their dynamics (also the stability of macromolecules as one of the aspects of dynamic properties) determine
their biological functioning. Intensive studies of the molecular mechanisms of conformational changes carried out in recent
years do not provide an answer to the main question: at what stage of the process of protein pre-precipitation the dynamic
properties of the aquatic environment play a key role, and at what are the internal properties of the macromolecule itself? It
was shown that most conformational changes are caused by changes in the hydrate sphere and the volume of the solvent,
while the protein molecule itself provides the so-called "active matrix" necessary to orient the dynamics of water to the
corresponding biological conformational changes.? It was demonstrated how a change in the dynamic properties of water
in the vicinity of 20 A near the protein molecule affects the conformational properties.®> A large number of experimental
and theoretical works confirm the fact of the relationship between the dynamic properties of water and the unique
conformational movements of the protein.>

2. Literature review

In this part of the article, we will consider works devoted to both the structure and main characteristics of albumin and
fibrinogen, and the transformation that these proteins undergo under the influence of temperature.

2.1. Structure and main characteristics of albumin

Albumin accounts for 4-5% of blood plasma (35-40 g/1). It provides 80% of oncotic pressure, which is associated with
its relatively low molecular weight (65—70 kdalton) and a large number of molecules in the blood plasma. This effect is
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achieved by the high ability of albumin molecules to bind water — 18 mL/g, which corresponds to 2628 mm Hg. The
polymer chain albumin consists of basic alanine, aspargic acid, glycine, and cysteine alternating in a certain order. The
tertiary structure of albumin contains a-spirals connected by single chains.
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Fig. 1. a-spiral is realized by hydrogen bonds inside a single polymer molecule.

The structure of HSA (human serum albumin) was determined by X-ray crystallography with high resolution.® Its
structure and dynamics can be influenced by several factors, such as pH, temperature, etc.” HSA plays a special role in the
transport of metabolites and drug molecules throughout the vascular system, as well as in maintaining the osmotic pressure
of plasma acids, metabolites and the binding of various ligands.3!! HSA is a single-stranded protein with 585 amino acid
residues with a predominant a-helical structure in the shape of a heart.>!!

2.2. Structure and dynamics of fibrinogen macromolecule

One of the most important plasma proteins is fibrinogen.'? As early as 1686, M. Malpighi described the structural basis
of a blood clot as a white fibrillar substance that can be seen after washing a red blood clot with water.!> In 1797, Chaptal
proposed the term "fibrin" for this substance. Based on recent studies, a systematic study of physicochemical processes and
molecular transformations underlying the transformation of fibrinogen into a three-dimensional fibrin grid has begun.
Fibrinogen (Fg) is a multichain glycoprotein weighing 340 kD that can polymerize into fibrin, one of the main components
of blood clots. Formation and lysis of fibrin (fibrinolysis) are tightly controlled processes along the path leading to
coagulation.'* After activation by Fg with thrombin, which breaks down fibrinopeptides A and B (FpA, FpB), specific A-
and B-B are detected. -pens that bind to the corresponding a- and b-holes of neighboring Fg molecules and initiate the
process of polymerization of fibrin. Later, fibrin is stabilized by additional non-covalent and covalent interactions.
Interacting with other blood components through integrin binding sites, fibrin plays an important role in the regulation of
coagulation and immune response. fibrinolysis, on the other hand, is affected by plasmin, which breaks down fibrin into
certain cleavage points in a well-defined time sequence.'>!” The elongated structure of human Fg, as shown by
crystallographic data,'® is formed by two symmetric units that dimerize through the central globular region E. Each
symmetric unit (protomer) consists of 3 peptide chains Ao, Bf and y that depart from their N-terminal region (region E),
form an elongated section of the helix and end with two globular domains, forming the region D (Fig. 2). C-terminal segment
of the chain Aa, that is, the region aC, as well as the N-terminal parts of the chain Aa and Bp, including FpA and FpB, are
mostly disordered (thus not separated in the crystal). Fg, in the polymerized form of fibrin, is a structure that lends itself to
mechanical tension. For this reason, early modeling work on Fg was focused on its mechanical properties under the influence
of external stress.'%!? Here instead we report the results of advanced modeling of molecular dynamics (MD) performed on
Fg in solution. The simulation allows us to identify large bending movements centered at the hinge point in the area of the
collapsed helix Fg. We also present an extensive analysis of the Fg sequence among vertebrate organisms, which suggests
that the flexion movements associated with the hinge play one or more functional roles. Simulation we build a simplified
representation of the internal flexibility of Fg and use it to match and explain experimental data on the conformational
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distribution of a molecule adsorbed on mica. Compliance results indicate the asymmetry of the adsorption properties of
different sides of Fg, which can be explained by the presence of large charged spots that are unevenly distributed on the
surface of the globular domains of the molecule. allow us to characterize the dynamic properties of the D-region Fg involved
in the formation of fibrin and the immune response, emphasizing the presence of related movements between a- and b-holes
and the site of binding integrin P1.
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Fig. 2. Fibrinogen molecule. (a) Schematic representation of the fibrinogen molecule. Three chains Fg, Aa, Bf
and y are shown in blue, red and green, respectively. (b) Mapping of van der Waals of the crystallographic structure (pdb
3GHG) of Fg with color coding, as in (a). Carbohydrates in orange. aC region and peptides FpA and FpB were not
separated in the crystal structure.

2.3. The main characteristics of D-dimer

For a comprehensive study and understanding of the influence of the aquatic environment on the molecular mechanisms
of confirmation changes in such important proteins as fibrinogen and fibrin, it is necessary to analyze not only the behavior
of the macromolecule itself, but also its fragments, one of which is D-dimer.

D-dimer is a fibrin breakdown product, a small protein fragment present in the blood after the destruction of a thrombus
(fibrinolysis process). It is called "dimer" because it contains two D-connected fragments of fibrinogen protein.?*?¢ D-
dimers became an important experiment for patients with suspected thrombotic disorders. While a negative result virtually
excludes thrombosis, a positive outcome can be caused by both thrombosis and other factors. Its main benefit, therefore, is
to eliminate thromboembolism. In addition, it is used in the diagnosis of a disorder such as intravascular coagulation
syndrome.

3. Methodology

This article is based on relevant journals, books, reports, and other secondary materials. Literature analysis is the main
method of this research. We reviewed twenty-three articles and books published in internationally well-known academic
journals mainly related to supramolecular chemistry, biochemistry, physical chemistry, and other fields to discover the
temperature influence on stability of fibrinogen macromolecules.

4. Conclusion

When approaching a point of 42 °C, a local minimum of the hydrodynamic radius of the D-dimer macromolecule is
observed. After the temperature point of 42 °C, there is a sharp increase in the size of D-dimer, which is explained by
irreversible changes in conformational dynamics. The dimensions of the fibrinogen macromolecule in the investigated
temperature range are quite stable. The minimum hydrodynamic radius of the fibrinogen macromolecule is observed in the
temperature range of 40-42 °C, at a concentration of 1 mg / mL, and 43-44 ° C, at a concentration of - 2 mg / mL, the
minimum depth reaches about 1-1.2 nm. A possible interpretation of the results for fibrinogen is that the external cluster of
the aquatic environment is destroyed. The value of the main axis of the albumin macromolecule ellipsoid obtained by micro-
viscosimetry is approximately 10 nm. The results of micro-viscosimetry are consistent with the values of the hydrodynamic
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radius obtained by FCS methods. The dimensions of the albumin macromolecule are stable in the study temperature range.
There is no doubt that organic compounds have different applications and this advantage was shown in a lot of papers
published before.
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