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Amyloid fibrils, structurally unique protein aggregates, are increasingly emerging as a novel type of proteinaceous nanomaterial with
an expanding range of applications. One example of a biomedical application of amyloid-based nanomaterials is the fabrication of
biocompatible hydrogel adhesives for wound healing. The present study was undertaken to evaluate the possibility of utilizing the
lysozyme amyloid fibrils integrated with polysaccharide chitosan as a polymeric matrix for incorporation the agents with pronounced
wound healing capabilities such as polyphenols and biologically active proteins lactoferrin and conalbumin. Using the molecular
docking technique the binding affinities, amino acid composition of the binding sites and possible competitive interactions between
polyphenols have been characterized in the two-, three- and four-component systems. Polyphenolic compounds were found to display
an ability to associate with bioactive proteins, with the highest binding affinities being revealed for curcumin enol, quercetin and
sesamin. In the three- and four-component systems the binding sites for polyphenols are either localized exclusively on lactoferrin or
conalbumin or encompass amino acid residues of both fibrillar lysozyme and bioactive proteins. Combinations of polyphenols that can
compete with each other for binding sites have been identified. These findings provide a basis for the development of novel amyloid-
based nanoformulations with wound-healing properties.

Keywords: Lysozyme amyloid fibrils; Chitosan; Polyphenols,; Lactoferrin; Conalbumin; Binding sites; Binding affinity; Molecular
docking
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Amyloid fibrils, highly ordered protein assemblies distinguished by the presence of S-structured core region are
currently regarded as a prospective type of biocompatible, biodegradable and structurally stable proteinaceous
nanomaterials [1, 2]. A rapidly expanding area of their potential applications includes removal of heavy metals and other
contaminants from water [3], sensing of various substances such as glucose [4], heavy metals [5], nitrogen dioxide [6]
etc., production of bioplastic for food packaging [7], fabrication of conductive nanowires [8], cell scaffolding [9], drug
delivery [10], to name only a few. Growing evidence indicates that amyloid—based materials have strong pro-regenerative
potential and can accelerate wound repair [11, 12]. In particular, the hydrogel derived from lysozyme amyloid fibrils was
used to prepare injectable adhesives with improved anti-swelling and antibacterial capabilities to stimulate wound closure
and hemostasis [13, 14]. An advantageous feature of fibrillar lysozyme is its intrinsic antibacterial activity [15] that can
be increased in the composite hydrogels from amyloid fibrils and other biopolymers with wound healing properties. In
this regard, much attention has been given to chitosan, a natural polymer with antimicrobial, mucoadhesive, and anti-
inflammatory activities that are favorable for wound treatment [16, 17]. Further loading of composite hydrogels with
various therapeutic agents enables the creation of more efficient nanosystems for wound healing applications.

In the previous paper in this series, we obtained molecular docking predictions of the binding sites for six
polyphenolic compounds from different classes in the binary system of fibrillar lysozyme—chitosan [18]. The aim of the
present work was to extend the above studies by introducing additional therapeutic components, such as the functional
proteins lactoferrin and conalbumin (ovotransferrin), which, like polyphenols, can promote wound repair through multiple
mechanisms [19-23]. Specifically, polyphenols are known to reduce oxidative stress, modulate inflammatory responses,
and enhance tissue regeneration [23], lactoferrin displays immuno-modulating activities, promotes tissue granulation,
reepithelization, and synthesis of the elements of the extracellular matrix [19-21], conalbumin has antioxidant, anti-
inflammatory, and immuno-stimulating properties [22, 24].

METHODS

The structures of polyphenols under study drawn in MarvinSketch software, v.18.10, ChemAxon were then
optimized with Avogadro 1.1.0 software using the Universal Force Field21. The structures of bovine lactoferrin (PDB ID
IBLF) and conalbumin from chicken egg white (PDB ID 8FEI) were taken from the Protein Data Bank. The structure of
the 12-mer chitosan (CS) was derived from PolySac3DB, a database of polysaccharide 3D structures
(http://polysac3db.cermav.cnrs.fr). The Avogadro 1.1.0 software was utilized to protonate the chitosan molecule and
optimize its geometry. The docking of the proteins and polyphenols to amyloid fibrils was conducted using the web-based
server HDOCK which combines template-based and free docking [25]. The most energetically favorable docking
complexes were visualized using VMD.
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RESULTS AND DISCUSSION
The examined systems contain two components of bioactive polymeric matrix, viz. the lysozyme amyloid fibrils
and chitosan, and two therapeutic agents representing different classes of polyphenols (curcumin (enol and keto froms),
gallic acid, salicylic acid, quercetin, resveratrol, sesamin) and functional proteins (lactoferrin and conalbumin). The
molecular docking approach was employed to uncover the possible binding preferences of these components. Shown in
Fig. 1 are the most energetically favorable complexes between lactoferrin and the examined polyphenolic compounds.
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Figure 1. The best-score complexes of
polyphenols with lactoferrin.

G
Sesamin

The comparative depiction of the docking poses (Fig. 1, H) indicates that the binding sites for most polyphenols are
close to each other, whereas the curcumin keto and gallic acid occupy remote sites. In the case of conalbumin (Fig. 2),
two predominant types of the binding sites are observed — the sites of the first type accommodate curcumin keto, gallic
and salicylic acids, quercetin, resveratrol, and sesamin reside on the sites of the second type, while curcumin enol is
located at the remote site with completely different interface residues (Table 1).
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Figure 2. The best-score complexes of polyphenols with conalbumin
(continued on next page)
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Figure 2. The best-score complexes of polyphenols with conalbumin (continuation)

Table 1. The interface residues in the complexes of polyphenols with lactoferrin and conalbumin

Polyphenol

Lactoferrin

Conalbumin

Curcumin enol

VAL3ssoa PROs3s2a GLUsssa GLU3s4aa  ARGuassa
ASPsosa ASPsooa SERs194 LY Ss20a GLUs214 LY Ss22a
TYRs23a TYRs24a GLYs25a TYRszea  THRs27a
GLY 35288 ARGs31a HISs95a LY Se37a ASNe63sa LEUs39a
LEUg40a ASNe42a

VALjss0a GLU354a THR377a ALA393a LEU3044
ARGuas0a ALAsisa SERsi6a SERs17a HISs154
GLUsi9a LY Ss20a PHEs22a GLY'523a TYRs24a
THRs25a GLY 5264 ARGs20a TRPss7a HISs024
ASNe324 LY S633a ASPs34a

Curcumin keto

ILE1ia GLUisa PHEs1ia ALA4#2a THRssa LEUsoa
ASPsoa METe3a LEU119a GLY 1204 ARG121a4 CYS160A
CYSis3a SER185a PHE190A GLY 1914 TYR1924 SER193A
GLY194a HIS2534 GLN29sA ARG296a ASP297a LEU298A

ARGu414a TYR415a ASPa16a ARG427a PRO42sA
ALA49A SER430a TYR431a PHE4304 HISs5424
TYRss1a ARGss2a GLUsssa LEUs40a

ASP395a TYR398a ARGua63a ASNs1sa SER5194 GLUs5214
LYSs22a TYRs23a TYRs24a  GLYs2sa  TYRs26a
THRs27a GLY528a HISs595a LY S637a ASNe3sa LEUs39a
ASNsa2a

Gallic acid GLUs13a  ASNsisa  ARGaisa  TYRa33a TYRsz6a | GLU413a ARG414a TYR4154 ASP416aA ARGa274
LYSs44a ASPss6a PROsosa ASNsosa HISs954 ASNea2a | PROs2sa ALA429a SER430a TYR431a PHE4324
ASNs4aa THR645A HISs424 TYRss1a ARGsgoa LEUg40a

Salicylic acid GLUss4a  ASN393a  LEUsosa  GLUs13a  ARGuas3a | GLU413a ARGa14a TYR415A ASPa16A ARG4274
TYRs24a TYRs26a HISs05a LY Se637a ASNe3sa LEUs3oa | PRO42sa ALA429a SER430a TYR431a PHE4324
LEUs40a PHE6414 ASNe424 HISs424 ARGss24

Quercetin GLU3s4a  ASN39sa  LEUsosa  ASP3osa  GLU413a | VAL4ssa GLY450a TRP4gsa CYSa78a ASNa79a
ARGu463a  ASNsisa SERsioa GLUs2ia TYRs24a | PHE4g0a ASPagia SER4924 PRO493a LEUg6sA
GLY 5254 TYRs526a THRs27a GLY 5284 HISs595a LY S637a | LY S669a CY S6714 ASNe724 SER6744
ASNe3sa LEUgz0a LEUss0a PHEs414 ASNe4a2a

Resveratrol GLU3s4a  ASN393a  LEUszosa  GLUaiza ARGussa | VALasga GLY450a TRPassa CYSa78a ASNaz9a
SERs19a  TYRs2aa  GLYs25a  TYRszea  THRs27a | PHE4gsoa ASPasia SER492a PRO4o3a SER496a
GLY 5284 HISs95a LY S637a ASNe3sa LEUg39a LEUs40a | LEU49sa ILE¢ssa LEUcsssa LY See9a CYSe71a
PHE¢414 ASNe42a ASNs72A

Sesamin GLUsssa  GLUsssaa THR377a ASN3osa  LEUsosa | TYR400a VAL4ssa TRPagsa VALaesa CY Sazsa

ASN4s79a PHE4s0a ASPagia LEUs98a ILE¢6sa
LEUsgssa LY Se60a CYSe71a ASNe724 PRO6734
LEUs77a

These results are suggestive of the possibility that the use of certain polyphenol combinations may lead to competitive
interactions between these compounds for the binding sites on lactoferrin or conalbumin.
The analysis of the best score values (Table 2) showed that quercetin forms the strongest complexes with lactoferrin, while
curcumin (enol) - with conalbumin, with the binding affinities increasing in the order: salicylic acid < gallic acid < resveratrol
< curcumin keto < curcumin enol < sesamin < quercetin for lactoferrin, and in the order salicylic acid < gallic acid <
resveratrol < curcumin keto < quercetin < sesamin < curcumin enol for conalbumin. Notably, gallic and salicylic acids
displayed the lowest affinity for both proteins. Another observation noteworthy is that polyphenols appeared to have slightly
different (curcumin enol) or higher affinities for lactoferrin and conalbumin compared to those for the lysozyme fibrils [18].

Table 2. The best score values for the complexes of polyphenols with lactoferrin, conalbumin and chitosan

Polyphenol Lactoferrin Conalbumin Chitosan
Curcumin enol -177.30 (0.633) -181.39 (0.652) -18.64 (0.067)
Curcumin keto -162.58 (0.563) -151.14 (0.506) -17.23 (0.066)

Gallic acid -128.36 (0.394) -117.76 (0.344) -16.58 (0.065)

Salicylic acid -107.48 (0.299) -98.36 (0.263) -13.78 (0.062)
Quercetin -204.36 (0.748) -169.24 (0.595) -21.45 (0.071)
Resveratrol -154.94 (0.525) -126.49 (0.385) -14.78 (0.063)
Sesamin -187.76 (0.680) -172.04 (0.608) -17.94 (0.067)

*The confidence scores for binding probability are given in parentheses, with the values > 0.7 indicating a high probability, 0.5-0.7
moderate probability, and < 0.5 - low probability.



A Molecular Docking Study of Amyloid-Polysaccharide Composites: II. Interactions...

587
EEJP. 2 (2026)

Accordingly, in the systems lysozyme fibrils + proteins the binding sites for polyphenols predominantly encompass
the amino acid residues of lactoferrin or conalbumin (Figs. 3, 4), although in some cases (marked in grey in Table 3) the
amino acids of fibrillar lysozyme also contribute to stabilization of the complexes being formed.

Lysozyme fibrils + Lactoferrin + Resveratrol

Lysozyme fibrils + Lactoferrin + Sesamin

Figure 3. The best-score complexes of polyphenols in the
system lysozyme fibrils + lactoferrin.

In the lactoferrin-containing systems, only curcumin enol and curcumin keto were found to form contacts with both
lactoferrin and lysozyme fibrils, whereas the binding sites for other polyphenols are localized exclusively on the protein
molecule (Fig. 3, Table 3).

Table 3. The interface residues in the complexes of polyphenols with the components of the systems lysozyme fibrils + lactoferrin /
conalbumin in the absence and presence of chitosan

Lactoferrin Conalbumin Lactoferrin Conalbumin
Lysozyme fibrils Lysozyme fibrils + chitosan
Curcumin enol PHE34c GLU3sc PHE34e | TRPs3a GLY26c TRPs3c | PHE34a PHE34c GLU3s5¢c | VALjssoa GLU3s4a
GLUsse SER3ee PHE346 | GLY26e TRPs3e GLY266 | SER36c PHE34e GLU3se | THR377a ALA393A
GLUssc SER366 PHE341 | TRPs3c GLY261 TRPe31 | SER36e PHE346 GLU356 | ARGas0a ALA5s15A
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Lactoferrin Conalbumin Lactoferrin Conalbumin
Lysozyme fibrils Lysozyme fibrils + chitosan
GLUsst SER361 GLN13a | VALsgia SERssa | SER366 PHE341 SER361 | SERs16a SER517a
PRO14a PHE17a LYS18a | GLN271a SER272a | GLN13a PRO14a PHE17a | HISs184 GLUs194
ARG21a GLY175a | ASP273a PHE274a | ARG21a LYS174a | LYSs20a PHEs224
GLU\176a ASNi79a | GLY2754 VAL27a | ARGissa PROissa | GLY 5234 TYR524a
SER1s5a ARGissa | ASP277a THR278a | PRO292a PRO293a | THRs254 GLY526A
PRO1ssa PRO292a | PHE2s85A ILE305a | GLN29sa ARGs20A TRPss7a
PRO293a GLN2954 MET306a LY Ss0sa HISs924 ASNe324
GLYe685a LY Ses6a LYSe33a ASPes3aa
Curcumin keto PHEs3sa ASN39a PHE3sc | ARGsia ASPssa PRO70a | SER366 ASN376 PHE386 | TRPs3e CYSese ASNese
ASN39c PHEsse | GLY71a SER72a ASPssc | SER361 ASN37z1 PHEss1 | TRPs3g CY Seac ASNesG
GLUz16a LYS280a | VALassa TRP4saa | ASN3o1 SER93a LYS197a | GLY261 TRPe31 ASNest
ASN2s1A GLN287a | CYS478a ASN479a | GLN200a ASP201a | PHE4324 ARGss2a
PHE289a GLY290a | PHE4s0a ASPagia | ASN217a LEU218a | GLUsg3A ASNGissgsa
SER291A ARG296a | SER4924 PROu493a | ASP223a GLN226a | ALAsg7A GLUsssa
ASP302a SER3034 LEU498a LEUsesa | TYR227a PRO292a | LYSe60a
LY Ses9a CYSe71a | PRO293A GLY294a
ASNs724 ARG296a
Gallic acid GLUu413a ASNas1aa | TRPs3a CYSe4a ASNesa | SER3sc ASN376 PHE3sGg | TRP2si CYSsor  SEReor
ARGu415A TYR433a | TRPs3c CYSeac ASNesc | SER3e1 PHE3s1 SER193a | TRPg21 TRP44s5a
TYRs26a LYSs44a | TRP264a LYS308a | GLY 1944 PHE196a | GLYa469a LEU470a
ASPsa6a PROsg3a | ARGz09a VAL3ia | LYS197a GLN200oa | ILE471a ASN473A
ASNs94a HISs95a | PRO311a SER312a | ASN217a PRO293a | ARG474a THRs714
ASNsa2a ASNeasa | GLNe78a METs679a | GLY294a ARG296A ASPs724
THRe45a PHEe¢s2a
Salicylic acid GLU3s4a ASN393a | TRP63a CYSe4a ASNesa | PHE3sG PHE3s1 SER193a | TRP2si  CYS3z01 SERgo01
LEU394a GLU413a | TRPs3c CYSesc ASNssc | GLY 1944 PHE196a | TRPs21 TRP44s5a
ARGus3A TYRs24a | TRPs3E TRP264a | LY S197a GLN200a | GLY469A LEU470a
TYRs26a HISs9s5a | LYS308a ARG309a | ASN217a PRO293a | ILE471A ASN473A
ASNe38a LEUse39a | VAL310a PRO311a GLY294a ARG296A ARGu474a THRs71A
LEUse40a PHEg¢41a
ASNsa2a
Quercetin GLUs3s44 ASN393a | VALassa GLY450a | GLU354a ASN393a | TRP2si  ILEssi  ASNsor
LEU394a ASP39sa | TRPagaa CYSa78a | LEU394a ASP395a | SEReo1  ARGe1ir TRPe21
GLUu413a ARGue3a | ASNazoa PHE4s0a | GLU4134 ARGu63a | SER721 ASN741 TRP4ssa
SERs19A TYRs24a | ASPagia SER4924 | SERs19a GLUs21a | LEU470a ASN473A
GLY525A TYRs26a | PRO493A LEUsssa | TYRs24a GLYs25a | ARG474a THRs71a
THRs274 GLYs28a | LYSe69a CYSes71a | TYRs26a THRs27a | ASPs72a
HISs954 LYSe637a | ASNes72a SER674a GLY 5284 HISs954
ASNe3sa LEUs390a LYSe37a ASNe3sa
LEUs40a PHEg¢41a LEUs39a LEUs40a
ASNsa2a PHE6414 ASNe42a
Resveratrol GLUss4a ASN393a | ASNsoa SERsoa ARGe1a | GLU354a ASN393a | GLUssc LY Ss3e GLUssE
LEU394a GLUas13a | GLY71a SER72a ASNsoc | LEU394a GLU413a | ARGu4se LY S336 GLUss6
ARGu463A SERs19a | VALasssa TRPassa | ARGuae3a SERs19a | ARG4sc ASPs2g LY S3an
GLUs21a TYRs24a | CYSa78a ASN479a | TYR524a GLYs25a | GLUsst ARGast ASPsar
GLY 5254 TYRs26a | PHE4g0a ASPasia | TYRs26a THRs27a | CS7 CSg CSo CSi0
THRs274 GLYs28a | LEU498a CYSe71a | GLY 5284 HISs954
HISs954 LYSe637a | ASNe72a LYSe37a ASNe3sa
ASNe38a LEUs39a LEUs39a LEUs40a
LEUs40a PHEg¢41a PHE¢414 ASNe42a
ASNe42a
Sesamin GLUss3a GLUss4a | TYRa00a VALussga | GLU3sa PHE34c GLU3sc | LYS33e PHE34e GLU3sE
ASN393a LEUs94a | TRPagaa VALusssa | SER3sc PHE34e GLU3se | ARGase LY S33c PHEz46
ASP3954 TYRz9sa | CYSa78a ASNa79a | SER36e PHE346 GLU3s56 | GLU3sc ARGasg LY S331
ARGu63A ASNs18a | PHE4s0a ASPagia | SER366 PHE341 GLU3ssi | PHE341 GLU3zsi ARGuast
SER519a GLUs21a | LEU498a ILEsssa | SER3ze1 PHE17a ARG21a | ASPsai CS7 CSs CSo
LYSs22a TYRs23a | LEUg6sA LYSe69a | PRO292a PRO293a | CS10 CS11
TYRs24a GLYs25a | CYSe71a ASNe72a | GLY294a GLN295A
TYRs26a THRs27a | PROe73a LEUs774
GLY528A ARGs314
HISs954 THRe36A
LYSe37a ASNe3sa
LEUs39a PHEg¢41a
ASNsa2a
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At the same time, in the conalbumin-containing systems, quercetin and sesamin reside on the protein molecule,
while the other polyphenolic compounds form contacts with both conalbumin and lysozyme fibrils (Fig. 4, Table 3).

E F
Lysozyme fibrils + Conalbumin + Quercetin Lysozyme fibrils + Conalbumin + Resveratrol
AN IO

l“i‘-' X X
5

Figure 4. The best-score complexes of polyphenols in the system
lysozyme fibrils + conalbumin.

Lysozyme fibrils + Conalbumin + Sesamin

The addition of chitosan to the system lysozyme fibrils + lactoferrin / conalbumin resulted in the association of
polyphenols with completely different or slightly changed binding sites (Figs. 5, 6, Table 3). As judged from Table 3, the
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smallest changes in the presence of chitosan were observed in the lactoferrin-containing systems for quercetin (the
appearance of GLUs;;4 in the binding site) and resveratrol (the disappearance of GLUs; 4 in the binding site). Likewise,
the analysis of the composition of binding sites showed that in the ternary systems with lactoferrin there exists a possibility
of competitive interactions between salicylic acid, quercetin, resveratrol and sesamin; while in the systems with
conalbumin gallic acid can compete with salicylic acid, quercetin — with resveratrol and sesamin. In the quaternary
systems with lactoferrin the competition may occur between curcumin keto, gallic and salicylic acids, quercetin and
resveratrol, curcumin enol and sesamin, while in the systems with conalbumin the competitive ligands are represented by
quercetin, gallic and salicylic acids, resveratrol and sesamin. Obviously, the possibility of competitive interactions must
be taken into account while incorporating the mixtures of different polyphenols into a polymeric matrix.

Lysozyme fibrils + Chitosan + Lactoferrin + Gallic acid

Lysozyme fibrils + Chitosan + Lactoferrin + Quercetin Lysozyme fibrils + Chitosan + Lactoferrin + Resveratrol

Figure 5. The best-score complexes of polyphenols in the system
lysozyme fibrils + chitosan + lactoferrin.

Lysozyme fibrils + Chitosan + Lactoferrin + Sesamin
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As seen from Table 4, in most cases, chitosan did not exert influence on the binding affinities of polyphenols — the

changes in the best score values were less than 10%. The most pronounced increases in the best score values were
observed in the systems with lactoferrin / conalbumin and curcumin enol, by 14% and 10%, respectively. On the contrary,
the binding affinities of the gallic and salicylic acids showed a decrease (~12%) in the systems with chitosan and
conalbumin (Table 4).

Table 4. The best score values for polyphenol binding with the components of the systems lysozyme fibrils + lactoferrin / conalbumin,
in the absence and presence of chitosan

Polyphenol

Lysozyme fibrils
+ Lactoferrin

Lysozyme fibrils + Chitosan +
Lactoferrin

Lysozyme fibrils
+Conalbumin

Lysozyme fibrils

+Chitosan + Conalbumin

-333.24 (0.975)

-335.82 (0.976)

-280.81 (0.932)

-295.49 (0.948)

Curcumin enol

-179.21 (0.642)

-204.77 (0.749)

-185.38 (0.669)

-183.19 (0.660)

Curcumin keto

-169.33 (0.596)

-177.26 (0.633)

-167.26 (0.586)

-183.75 (0.663)

Gallic acid -127.27 (0.388) -128.33 (0.393) -141.75 (0.459) -124.36 (0.375)
Salicylicacid | -106.88 (0.297) -113.55 (0.325) -117.21 (0.342) -102.86 (0.280)
Quercetin -205.28 (0.751) -203.43 (0.744) -171.98 (0.608) -173.77 (0.617)
Resveratrol -154.12 (0.521) -154.71 (0.524) -132.80 (0.415) -135.29 (0.427)
Sesamin ~187.74 (0.680) -197.86 (0.723) -173.6 (0.616) -185.91 (0.672)

Interestingly, in the systems with conalbumin resveratrol and sesamin displayed the ability to form contacts with

chitosan, so that the binding sites for these polyphenols contain only amino acid residues of lysozyme fibrils and
monomeric subunits of chitosan (Table 3), while in the absence of polysaccharide resveratrol form contacts only with
conalbumin, while sesamin associate with both the protein and fibril (Fig. 6, F, G). In the presence of chitosan the binding

affinity of resveratrol remained practically unchanged, while that of sesamin slightly increased (Table 4).

B

C

Lysozyme fibrils + Chitosan + Conalbumin + Curcumin (keto)

Lysozyme fibrils + Chitosan + Conalbumin + Gallic acid

Lysozyme fibrils + Chitosan + Conalbumin + Quercetin

Lysozyme fibrils + Chitosan + Conalbumin + Resveratrol

F
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Figure 6. The best-score complexes of polyphenols in the system
lysozyme fibrils +chitosan + conalbumin

3 G
Lysozyme fibrils + Chitosan + Conalbumin + Sesamin

Another noteworthy observation is that the association of the examined polyphenols with chitosan per se is very weak;
the best docking scores range from -13 to -21 (Table 2). However, as shown in our previous work [18], when chitosan resides
in the grooves of lysozyme fibrils, most polyphenolic compounds tend to form contacts with both the amyloid fibrils and the
polysaccharide, and binding affinities are much higher than those for free chitosan. At the same time, in the systems
complemented by lactoferrin or conalbumin, polyphenols exhibit more complex binding behavior, so that only resveratrol
and sesamin interact exclusively with fibrillar lysozyme and chitosan in the presence of conalbumin.

CONCLUSIONS

In summary, the present study demonstrated the possibility of creating nanosystems composed of four biologically
active components: lysozyme amyloid fibrils, chitosan as the polymeric matrix, and lactoferrin or conalbumin and
polyphenols as therapeutic agents. The molecular docking technique provided insights into the behavior of these components
in binary, ternary, and quaternary systems. The main results are as follows: i) the binding affinity of polyphenols for
functional proteins increases in the order salicylic acid < gallic acid < resveratrol < curcumin keto < curcumin enol < sesamin
< quercetin for lactoferrin, and in the order salicylic acid < gallic acid < resveratrol < curcumin keto < quercetin < sesamin
< curcumin enol for conalbumin, suggesting that quercetin, sesamin and curcumin enol form the strongest complexes with
the proteins; ii) among 24 examined ternary and quaternary combinations of various components in 10 systems polyphenols
prefer to associate with lactoferrin or conalbumin, while in the remaining systems they form contacts with both fibrillar
lysozyme and bioactive proteins; iii) in the ternary and quaternary systems polyphenols can compete for the binding sites;
iv) in the presence of conalbumin in quaternary systems resveratrol and sesamin showed the binding preferences for the
lysozyme fibrils and chitosan. These findings can serve as a basis for the rational design and fabrication of novel
nanocomposites for biomedical applications, particularly in wound healing.
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JOCIIKEHHA AMUIOI — TOJICAXAPAIHUX KOMITO3ATIB METOJIOM MOJEKYJISIPHOTO TOKIHTY:
I. BBAEMO/II 3 BIOJIOTTYHO AKTUBHUMU BIIKAMHY TA MMOJII®EHOJAMHA
Banepis Tpycosa, Yiasana Manosuus, Oubra XKutnskiscska, I'ainna I'opoenko
Kageopa meouunoi gizuxu ma biomeduunux nanomexnonozii, Xapkiecokui nayionanvnuil ynieepcumem imeni B.H. Kapasina
M. Ceobo0ou 4, Xapxis, 61022, Vkpaina

AwminoinHi GpiOpum — O1TKOBI arperaTs 3 yHIKQJIFHOIO CTPYKTYPOIO — € HOBHM THUIIOM HaHOMATepiajiB O1IKOBOT IPUPOAH 3 ITHPOKUM
CIIEKTPOM 3acTocyBaHb. OHUM i3 MPHUKIAAIB OIOMEIMYHOTO 3aCTOCYBAaHHS aMiIOIIHUX HaHOMATEpiajliB € OTPUMaHHSA 010CyMiCHUX
TiporeseBUX MOKPHUTTIB JUISl 3arO€HHS paH. JlaHe TOCHiIKeHHs OyJI0 CIIpsIMOBAaHE Ha OIIHKY MOJIMBOCTI BUKOPHUCTAHHS aMiJIOITHIX
¢iOpu nizonuMy, IHTETPOBAaHMX 3 IIOJCAXapHJOM XiTO3aHOM, B SKOCTI IOJIMEPHOTO MAaTpPHKCy IS IHKOpHOpAmii areHTiB 3
BUPQ)KEHUMH DPaHO3arolOBaJbHUMHU BJIACTHBOCTSIMH, TaKMMH SK Modi(peHoIM Ta OIoJIOriYHO aKTHBHI ONKM JakTodepuH Ta
KOHaJILOYMiH. 3a JJOOMOTr'0I0 METOTy MOJISKYJISIPHOTO IOKIHTY OyJIH BU3HAYEHI TaKi XapaKTePUCTUKH, K a)iHHICTb, aMiHOKHUCIIOTHU
CKJIaJl CaiiTiB 3B’sI3yBaHHS Ta MOXJIMBI KOHKYPEHTHI B3aeMo[il MiX Hoii)eHOJIaMH B IBOX-, TPOX- Ta YOTUPHOXKOMIIOHEHTHHX
cucTemax. Businena 3matHicTh MOMiEHONBHHUX CIOIYK A0 acouiamii 3 0i0akTHBHHMH Oinkamu, OpH IIbOMY HaiBuIna adiHHICTH
crocTepiranach Ui KypKyMiHy B €HOJIBbHIN ()OpPMi, KBEPLETHHY Ta cecaMiHy. ¥ TPhOX- Ta YOTHUPHOXKOMIIOHEHTHHX CHCTEMaX CaiTh
3B’s3yBaHHS TOJNI(EHONIB JIOKaNi3yBajdich a00 BUKIIOYHO HA MOJIEKYJaX JIAKTOQEpUHY YU KOHaJIBOyMiHy, a00 X MiCTHIN
aMIHOKHUCIIOTHI 3QJIMIIKH 1 (GiOpmisipHOTo JIi301MMYy, 1 6i0akTHBHMX O1KiB. BCTaHOBIEHO, Y SKUX KOMOIHAIISMX IOJTi(GEHOIN MOKYTh
KOHKYpYBaTH MDK c00OI0 3a caifté 3B’s3yBaHHA. OTpHMaHi pe3ysIbTaTH CTBOPIOIOTH OCHOBY UL AW3aiiHy HOBUX aMITOITHUX
HaHOKOMIIO3UTIB 3 PaHO3arOFOBaJILHIMH BIIACTUBOCTSIMH.

KuarwuoBi ciioBa: aminoioni ¢ibpuru nizoyumy, Ximoszaw; nonighenonu; aakmoghepur; KOHANbOYMIH; Caumu 38 S3Y6aHH,
CHOpiOHeHIiCMb 36 A3VE8AHHA, MONEKYAAPHULL OOKIH2






