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Background: Human serum albumin (HSA) is the main pharmacokinetic effector of many medications,
including penicillin G and its metabolites. An urgent problem of practical medicine is immediate
hypersensitivity reactions caused by penicillin toxicity (about 8 % compared to other medications),
accompanied by skin pathology, anaphylaxis, and fatality.

Objectives: The aim of this study is to describe the structures of penicillin G determinants-HSA
complexes and to identify favorable binding sites and the amino acid residues involved in the interaction.
Material and Methods: The crystal structure of HSA (ID: 1A06 from Protein Data Bank)
(www.rcsh.org) was chosen as a docking target. Molecular docking methods (AutoDock Tools 1.5.7,
AutoDock Vina 1.1.2) were used to gain insight into the interaction of HSA with the major (benzyl
penicilloyl G, penicillanic acid) and minor (penicillamine, penicilloic acid, penilloic acid) determinants of
penicillin G. Visualization of docking results was implemented in PyMol 2.5. The Protein Plus server
(https://proteins.plus) was used to evaluate potential binding pockets. The PLIP tool (https:/plip-
tool.biotec.tu-dresden.de) was used to identify non-covalent interactions between HSA and its ligands.
Results: The molecular docking data indicate that the major determinants of penicillin G are involved in
the formation of hydrogen bonds with such HSA residues as Trp214, Arg218, His242, and Asn295; for
the minor determinants — Asp108, His146, Tyr148, Ser193, Argl197, GIn204. Both types of determinants
are located in the hydrophobic cavity of subdomains 1A and IB. Hydrophobic interactions are present
mainly between penicillin G determinants and amino acid residues of subdomain IlIA, such as Ala350,
Aspa51, Tyr452, and GIn459.

Conclusion: The study of penicillin G determinants-HSA complexes is important in the pathogenesis of
antibiotic allergy. Identification of specific binding sites can be useful for the development and synthesis
of new immunogenic antigens (complexes of major and minor determinants of penicillin G with HSA)
that can stimulate the immune system and produce specific antibodies to prevent allergic reactions.

KEY WORDS: human serum albumin; penicillin G determinants; immediate hypersensitivity reactions;
molecular docking.

Penicillins are the first-line medications for the treatment of various types of bacterial
infections that can affect the throat, lungs, skin, intestines, and many other organs. In addition,
surgical site infections are the most common infections in surgical patients. In this case, there
is a need for pre- and postoperative antibiotic therapy for patients [1, 2]. At the same time,
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clinical trials have shown a high percentage of immediate hypersensitivity reactions to
penicillins [3]. In general, medication hypersensitivity reactions include symptoms and
manifestations caused by medication at a dose that is perceived by normal people. Immediate
hypersensitivity reactions occur within the first hour after medication intake and are
manifested by complete anaphylaxis, with damage to the skin, gastrointestinal tract,
respiratory and cardiovascular systems [4]. Approximately 8 % of the population is allergic to
penicillin. It has been reported that 35 % of anaphylaxis cases accompanied by angioedema,
urticaria, bronchospasm, and hypotension are associated with immediate hypersensitive
reactions to penicillins [5]. Penicillin G is an inactive antigen, a chemical hapten that does not
exhibit immunogenic properties. The immune response can be induced by metabolically
biotransformed penicillin molecules into immunologically reactive major and minor antigenic
determinants [6].

Human serum albumin (HSA) is a protein present in large quantities in blood plasma that
provides important physiological functions, such as the regulation of colloidal osmotic
pressure, transport of many endogenous (fatty acids, hormones, amino acids, toxic
metabolites) and exogenous (drugs, nutrients) compounds [7, 8]. HSA is a globular single-
chain protein consisting of 585 amino acids and has three homologous domains with amino
acid residues: domain | (1-195), domain Il (196-383), and domain Il (384-585). Each
domain is divided into two subdomains: 1A (1-107), 1B (108-196); 1A (197-297), 1IB (298-
383), IlIA (384-497), 11IB (498-585). The molecular weight of HSA is 66,5 kDa [9]. 35
cysteine residues, except for one (Cys34 in domain 1), are involved in 17 disulfide bonds that
stabilize the structure of HSA [10].

The concentration of HSA in plasma is high, so the binding affinity of HSA to drugs is
the key factor determining their pharmacokinetics and pharmacodynamics, especially when
creating new dosage forms and vaccines [11, 12]. For several decades, the interaction of
antibiotics with HSA has been studied by fluorescence spectroscopy, visible spectroscopy,
Fourier transform infrared spectroscopy, and protein-ligand docking methods [13, 14]. For
example, fluorescence studies show that displacement of fluorescents probes such as 1-
amilinonaphthalene-8-sulfonate, and dansylsarcosine piperidinium salt from the binding site
on albumin leads to the fact that subdomain Il is involved in the binding of
isoxazolylpenicillins [15]. In addition, fluorescence spectroscopy has been used to directly
determine the binding sites of other antibiotics to HSA, and the results were similar:
subdomain Il of HSA was responsible for ligand binding [16, 17]. However, a detailed and
substantiated mechanism for the formation of the HSA complex with possible molecular
metabolites of penicillins has not yet been established, although there is evidence of
haptenization of penicillin determinants by conjugation with HSA, which leads to the
formation of IgE antibodies.

The aim of this study is to describe the structures of penicillin G determinants-HSA
complexes and to identify the favorable binding sites involving certain amino acid residues.

MATERIALS AND METHODS

The 3D model of HSA was downloaded from the Protein Data Bank (www.rcsb.org) (ID:
1A06); the 3D crystal structure is the result of X-ray diffraction at 2,5 A resolution and was
used as a docking target. The ligands — benzyl penicilloyl G, penicillanic acid (major
determinants), penicillamine, penicilloic acid, penilloic acid (minor determinants) from
(www.pubchem.ncbi.nlm.nih.gov) were used to identify the energetically most favorable
binding sites on the HSA molecule.

Molecular docking methods (AutoDock 1.5.7, AutoDock Vina 1.1.2) were used to study
the interaction of penicillin G determinants with HAS, which helps to find the space for the
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most energetically favorable conformation of the protein-ligand complex and allows to
estimate its geometric dimensions with the lowest binding energy [21]. The AutoDock
scoring function is a subset of the Amber force field that processes molecules using the
United Atom model [22]. The grid spacing, i.e., the distance between the grid points, was
0,503 A. The search space is a 50 A x 50 A x 50 A square; the exhaustiveness parameter was
8. This block covers amino acid residues of subdomain I1A and part of subdomain IB. Since
the PDB files were missing hydrogen atoms, Coleman charges were added to fit the
electrostatic potentials, and hydrogen atoms were added using AutoDock Tools to properly
optimize the proteins. Protonation of amino acid residues at pH=7 was checked using Propka
3.1[23].

Visualization of docking results was done in PyMol 2.5 [24]. To convert PyMol files to pdb
format, the interactive converter MichelaNGLo was used (https://michelanglo.sgc.ox.ac.uk/pymol).

DoGSiteScorer from Proteins Plus was used to detect potential binding pockets and to
compare with docking results. The surface area, the volume and depth of pockets, and
chemical features were calculated using DoGSiteScorer [25, 26]. The relative hydrophobicity
of amino acid residues was evaluated to know the general properties of HSA. Two-
dimensional diagrams of complexes with known 3D structures, which describe the directed
hydrogen bonds between the protein residues and the ligand were created for some complexes
with PoseView [27, 28].

For the identification of non-covalent interactions between HSA and its ligands, the
protein-ligand interaction profiler (PLIP) web tool was applied (https://plip-tool.biotec.tu-
dresden.de) [29].

RESULTS AND DISCUSSION

Our molecular docking study was performed on the crystal structure of HSA, which was
downloaded from the Protein Data Bank (ID: 1A06), to identify possible binding sites, which
are major and minor determinants of penicillin G. The five ligands are listed in Tabl. 1. Most
ligands have an open B-lactam ring and a closed thiazolidine ring. The maximum molecular
weight of the ligand was 465.6 g/mol, and the lowest was — 149.21 g/mol. The range of free
binding energies predicted by AutoDock Vina was from -7.9 kcal/mol to -4.7 kcal/mol. The
best energy results of -7.9 kcal/mol and -7.2 kcal/mol showed that both major and minor
determinants can be located within subdomain I1A.

It is known that under physiological conditions, 95 % of penicillin spontaneously
degrades to major and minor antigen determinants. Immediate hypersensitivity reactions, and
allergic reactions in particular, occur less to the main -lactam part of the penicillin molecule,
and mostly form IgE antibodies directed against a certain side chain R (variable side chain of
penicillins) [4, 5]. The structure of the penicillin core is shown in Fig. 1.

YT

O
/ H

Fig. 1. The structure of penicillin: a) four-membered B-lactam ring, b) five-membered thiazolidine
ring. The molecular formula is R-CgH11N204S, where R is a side chain, in the case of penicillin G,
R is a phenyl ring.
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Table 1. List of ligands

PubChem ID AG, Name M, 2D structure of hapten determinants
kcal/mol g/mol
Compound ID: -7.9 Benzyl 465,6 o
119212 penicilloyl G
OH
OH
N
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The optimal recognition of penicillin determinants by specific IgE antibodies is
considered to be specific binding to a carrier molecule such as HSA. The parameters of
binding of penicillin G determinants to HSA are the main factors in the ability of each
complex to bind to the antigen-presenting cells to initiate subsequent hypersensitivity
reactions.

Therefore, in this study we used molecular docking and a detailed analysis of its results to
identify energetically favorable binding sites of penicillin G determinants-HSA complexes.
The calculation of the hydrophobicity of HSA upon binding to different ligands was evaluated
using Protein Plus. Our results confirmed the data of molecular dynamic modeling that the
properties of HSA in the studied subdomains are more hydrophobic, but some amino acids are
hydrophilic [30]. The hydrophobicity values of the binding pockets were in the range of 0.65—
0.76.

The binding site volume and the binding site depth were estimated to predict the topology
and geometry of the active site in complexes of HSA-penicillin G determinants to visualize
the depth of penetration and placement of ligands based on their structure. Identification and
characterization of the size of binding pockets based on these parameters was evaluated in
Protein Plus using DoGSiteScore. This is a method based on predicting active sites in proteins
based on the difference in Gaussian (DoG) approach [25]. With this approach, spatial and
topological molecular descriptors help in finding the best surface area, binding site volume,
and binding site depth. In the study, the volume of the ligand-binding pocket varied widely in
the range of 155.65 A% — 801.28 A3, the depth of the ligand-binding pocket also varied and
ranged from 13.69 A to 32.19 A. The surface area also ranged from 445.09 A2 to 2151.78 A2

The binding of the benzyl penicilloyl G molecule involves weak interactions, in
particular, between the f-lactam ring and the thiazolidine ring and amino acid residues, which
are capable of forming hydrogen bonds and hydrophobic interactions at the level of the
hydrophobic pocket located in subdomain 1A and in subdomain IIA (Fig. 2, Fig. 3). Lys195,
Aspa51, Tyr452, and Lys444 are involved in the formation of hydrophobic interactions, and
Trp214, Arg218, Asn295, Pro339, and Pro447 form hydrogen bonds between the nitrogen
atom of the open B-lactam ring and the thiazolidine ring and the oxygen atom of the benzyl
penicilloyl G molecule.

Fig. 2. The HSA-benzyl penicilloyl G complex
(constructed in Protein Plus tool). The structure of
HSA is represented by ribbons; the ligand benzyl
penicilloyl G is represented as balls. The ligand
binding pocket of HSA is marked in pale purple
and has a depth of 28.74 A. The surface area and
volume of the binding site are 1617.97 A? and
801.28 A3, correspondingly. The hydrophobicity
of the binding pocket is 0.69.
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Penicillanic acid is also the major determinant of penicillin allergy. Among other ligands,
only penicillanic acid has closed rings both B-lactam and thiazolidine (Fig. 4). In the case of
penicillanic acid, the surface area of the ligand binding pocket was 13.69 A.

LYS-444 -

Fig. 3. The 3D contact map of benzyl
penicilloyl G and HSA binding domain
(constructed in PLIP tool). Hydrogen
bonds are shown as thin blue solid
lines, hydrophobic interactions are
shown as gray dotted lines.

PRO-339

ASN-295

ARG-218

Fig. 4. The HSA-penicillanic acid complex
(constructed in  Protein Plus tool). The
structure of HSA is represented by ribbons;
the ligand penicillanic acid is represented as
balls. The ligand binding pocket of HSA is
marked in pale purple and has a depth of
13.69 A. The surface area and volume of the
binding site are 445.09 A? and 155.65 A3,
correspondingly. The hydrophobicity of the
binding pocket is 0.76.
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Fig. 5. Two-dimensional diagram of HSA-penicillanic acid complex with hydrogen bonds between the protein
residues and the ligand; hydrogen bonds are shown as black dot lines.



Molecular docking of human serum albumin with penicillin G determinants

13

As shown in Fig. 5, the oxygen atoms of the thiazolidine ring and the B-lactam ring
formed hydrogen bonds with Arg222 and His242, respectively. At the same time, hydrogen
bonds are not exclusively one type of interaction between HSA and penicillanic acid: the
hydrophobic interactions were observed at the contact sites with 11290, Leu219, and Leu238

(Fig. 6).

LEU-219

ARG-222

LEU-238

3.6

LYS-199

lLEA

Fig. 6. The 3D contact map of
penicillanic acid and HSA binding
domain (constructed in PLIP tool).
Hydrogen bonds are shown as thin blue
solid lines, and hydrophobic interactions
are shown as yellow dotted lines.
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Fig. 7. The structure of HSA-penicillamine complex (constructed in Protein Plus). a) The structure of HSA is
represented by ribbons; ligand penicillamine is represented as balls. The ligand binding pocket of HSA is
marked in pale purple and has a depth of 32.19 A. The surface area, and volume of the binding site are
2151.78A2 and 709.12 A%, correspondingly. The hydrophobicity of the binding pocket is 0.71; b) The two-
dimensional diagram of HSA-penicillamine complex with hydrogen bonds between the protein residues and

the ligand.
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As seen from Tabl. 1 the free energy change is the lowest for minor determinant with the
lowest molecular weight that has both open B-lactam and thiazolidine ring (penicillamine)
compared to the other determinants. The penicillamine binding site is located inside the
hydrophobic pocket formed by several subdomains — IA, 1A, and H1A. In this case, the depth
of the ligand binding pocket is the largest and is 32.19 A (Fig. 7a). Positively charged Argl197
and neutral GIn459 established hydrophobic bonds with the ligand (Fig. 8). Fig. 7b shows that
polar amino acid residue Ser193 and positively charged residue His146 also form hydrogen
bonds with penicillamine ligand.

SER-193

Fig. 8. The 3D contact map of
penicillamine and HSA binding domain
(constructed in PLIP). Hydrogen bonds
are shown as thin blue solid lines, and
hydrophobic interactions are shown as

yellow dotted lines.

ARG-197

ASP-108

Penicilloic acid is the minor determinant that is formed from penicillins by hydrolytic
opening of the B-lactam ring. In the case of penicilloic acid (Fig. 9), the ligand binding sites
are located in subdomain 1A (Leul03), IB (Asp108), and in the hydrophobic cavity in
subdomain 1A (Tyr148).

Fig. 9. The complex HSA-penicilloic acid
(constructed in Protein Plus). The structure of
HSA is represented by ribbons; ligand
penicilloic acid is represented as balls. The
ligand binding pocket of HSA is marked in pale
purple and has a depth of 22.37 A. The surface
area and volume of the binding site are 1260.67
A? and 538.11 A3 correspondingly. The
hydrophaobicity of the binding pocket is 0.65.

The penicilloic acid-HSA complex is stabilized by hydrogen bonds between Tyr148 and
Arg197 residues of subdomains IB and I1A and the nitrogen of the thiazolidine ring and the
oxygen of the open B-lactam ring, respectively (Fig. 10). The hydrophobic interaction is also



15
Molecular docking of human serum albumin with penicillin G determinants

involved in the binding through GIn204. In addition to hydrophobic and hydrogen bonds, salt
bridges are involved in the ligand-protein complexation (Fig. 11).

Arg197A
NH Flg 10 Two-
dimensional
@ diagram of HSA-
H penicilloic acid
complex with
hydrogen  bonds
between the protein
Tyr148A H r_esidues and the
o ligand.
LEU-103
GLN-204

GLU-465

ASP-108 ARG-197

Fig. 11. The 3D contact map of penicilloic acid and HSA binding domain (constructed in PLIP tool). Hydrogen
bonds are shown as thin blue solid lines, hydrophobic interactions are shown as gray dotted lines, and salt
bridges are shown as yellow dotted lines.

Residues Arg209, Lys212, Val216, and Ala350 of HSA have been implicated in the
binding process with penilloic acid and they are all located mainly in subdomain I1A, and in
part in subdomain A (Fig. 12, Fig. 13). In the case of penilloic acid, hydrogen bonds and
hydrophobic interactions are available. Hydrophobic interactions are involved in the binding
of Lys212 and Val216 to the minor determinant. Hydrogen bond is formed between the
nitrogen of Arg209 and the hydrogen of the thiazolidine ring of the ligand.
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Fig. 12. The HSA-penilloic acid complex
(constructed in  Protein  Plus). The
structure of HSA is represented by
ribbons; the ligand penilloic acid is
represented as balls. The ligand binding
pocket of HSA is marked in pale purple
and has a depth of 20.46 A. The surface
area and volume of the binding site are
792.03 A? and 357.38 A3,
correspondingly. The hydrophobicity of
the binding pocket is 0.74.

% LYS-212 ‘

VAL-216

ARG-209

Fig. 13. The 3D contact map of penilloic
acid and HSA binding domain
ALA-210 (constructed in PLIP tool). Hydrogen
bonds are shown as thin blue solid lines,
and hydrophobic interactions are shown
as yellow dotted lines.

ALA-350 ‘Z
GLU-354

HSA has structural homology (about 80 %) with bovine serum albumin (BSA) [9]. It has
been reported that the B-lactam antibiotics have very similar binding properties to HSA and
BSA [31]. The binding sites of the penicillin G to BSA are located in the subdomain I1A. In
our study, all five penicillin G determinants were mainly inserted into the subdomain 11A by
hydrogen bonds and hydrophobic interaction, while in the case of BSA, the same binding site
exists but is stabilized by hydrogen bonds and Van der Waals forces. Similar to the penicillin
G molecule, which binds to BSA in the subdomain IlIA through hydrogen bonds (Argl194,
Argl98, Arg256), benzyl penicilloyl G also binds to HSA at the subdomain 1A with the
participation of Arg197, and Arg218 [32].

Yvon M., et al. has reported that benzyl penicilloyl G can also form stronger bonds
between the carbonyl group and e-amino groups of the HSA molecule, especially with
Lys190, Lys195, Lys199, and Serl193, forming conjugates that have the immunogenic
potential [33].

Our results have been confirmed by other studies. The fluorescence spectroscopy
experiments of Seedher N., et al. [15] revealed that B-lactam antibiotics bind to HSA, and the
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binding site is located in the subdomain IIA of HSA. This result confirms our molecular
docking results. Similar to other studies, our results showed that hydrogen bonds and
hydrophobic interaction were the driving forces for the spontaneous placement of penicillin G
determinants in the HSA binding site, since the Gibbs free energy of complexes has minimal
values -7.9 kcal/mol is our result of molecular docking of HSA-benzyl penicilloyl G vs.
-6.4 kcal/mol is the result of molecular docking of HSA-sulfadimethoxine obtained by
Zhang Y. and co-authors. [34]).

CONCLUSIONS

Today there is little published information about HSA-penicillin G determinants
complexes. Therefore, in the presented study we elucidated the binding sites using molecular
docking. The obtained results and their analysis allow us to make the following conclusions.

Penicillin G determinants binding to HSA occur with the participation of a few
subdomains. The amino acid residues of subdomain IIA and subdomain 1B, which are
involved in hydrogen bonds and hydrophobic interactions have the main role in ligand
binding; the amino acid residues of subdomain I11A take part in binding partially.

The study of HSA-penicillin G determinants complexes is important in the pathogenesis
of antibiotic allergy. Identification of specific binding sites can be useful for the development
and synthesis of new immunogenic antigens (complexes of major and minor determinants of
penicillin G with HSA) that can stimulate the immune system and produce specific antibodies
to prevent allergic reactions.
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Hapiitomna mo pemakmii 21 rpymns 2022 p. Ilepernsayra 23 6epesns 2023 p.
[puiiasita no apyky 30 6epesns 2023 p.

AktyaabHicTb. CupoBarkoBuit ans0ymin moanHu (CAJ]) € oCHOBHIM (apMaKOKIHETUIHUM e(EKTOPOM
OaraTpoX JiKiB, B TOMY 4Hchi meHimmwiiHy G Ta #oro merabouitiB. ['ocTporo mpo6ieMor0 MpakTHIHOL
MEIWIIUHA € PEeaKIii TiMmepYyTIMBOCTI HETaWHOTO THITy, AKI 3yMOBJICHI TOKCHYHICTIO TEHIIMIIIHIB
(6mm3pko 8% mpoOTH IHIIMX HpernapartiB), IO CYNPOBOMKYIOThCS IATOJOTIEI0 IIKIpH, aHadilakcieo Ta
JeTaJbHICTIO.

Mera po6orn. MeTor0 NBOrO AOCHIUKEHHS € omuc CcTpykTyp KomiuiekciB CAJI-netepMiHanTH
neHinuIiHy G 1 BUsBICHHS CHPUSTINBUX CalTIB 3B'sI3yBaHHS Ta aMiHOKHUCIIOTHHX 3aJIMIIKIB, sIKi 3aJTy4eHi
J0 B3aeMOi.

Marepiaan ta meroqu. Kpucraniuna ctpykrypa CAJI (ID:1A06 3 Protein Data Bank) (www.rcsh.org)
Oyna BuOpaHa SK MilIeHb U OOKIHTY. st oTpuMaHHs ysBiIeHHS mpo B3aemonito CAJl 3 ocHOBHMMHU
(6en3in neHimmroin G, NEHINWIAHOBA KUCIOTA) 1 APYTOPSITHUMHA (NICHINMIAMIH, TICHIIMIOEBA KHUCIIOTA,
TICHIJIOEBA KHCJIOTA) AeTepMiHaHTaMH NeHinmwIiHy G Oyl 3aCTOCOBaHI METOIU MOJICKYJISPHOTO JOKIHTY
(AutoDock Tools 1.5.7, AutoDock Vina 1.1.2). Bi3yamizamis pe3ynpTaTiB JOKIHTY Oyiia peamizoBaHa B
PyMol 2.5. JInsg OIiHKM MOTCHLIHHUX CaWTiB 3B’sA3yBaHHA OyB BUKOpuCTaHWi Protein Plus cepsep
(https://proteins.plus). s inentudikanii HekoBaneHTHHX B3aemoii Misk CAJI ta iforo miranaamu OyB
3acrocoBanuii 3aci6 PLIP (https://plip-tool.biotec.tu-dresden.de).

PesysabTaTH. J[aHi MOJEKY/SIPHOTO MOJIEIIOBAHHS CBiq4aTh, [0 OCHOBHI JeTEepMiHAHTU meHipwIiHy G
OepyTh y4acTh B YTBOPCHHI BOJHEBHX 3B’s13KiB 3 Takumu 3anuiikamu CAJL, sk Trp214, Arg218, His242
ta Asn295; mns apyropsaHux gerepminant — Aspl08, Hisl46, Tyrld8, Serl93, Argl97, GIn204.
OOuziBa THNM JETEPMiHAHT PO3TAIIOBYIOThCS B TigpodoOHiit mopoxuuHi cyOmomeniB IIA Ta IB.
I'inpodoOHi B3aeMomii MPUCYTHI MEpEeBaKHO MiXK JeTepMiHAHTaAMH NEeHINWIHY G 1 aMiHOKHCIOTHUMUA
3amumikamu cyonomeny I1IA, Takumu sik Ala350, Asp451, Tyrd52 i Gln4d59.

BucnoBku. Bupuenns xomiuiekciB CAJl-merepMiHaHTH meHiwIiHy G Mae BaKJIMBE 3HAYCHHS B
maToreHesi aneprii Ha aHTHOIOTUKY. BUsABIEHHS crienu(iqHNX cailTiB 3B’ I3yBaHHI MOKE OYTH KOPHCHUM
JUIT PO3pOOKH Ta CHHTE3Y HOBHX IMYHOTCHHHX AaHTHUTEHIB (KOMIUIEKCIB OCHOBHHX 1 JAPYTOPSITHUX
nerepminanT neHinwiiHy G i3 CAJl), ski 3MOXYTh CTHMYJIOBATH IMYHHY CHCTEMY Ta BHPOOISTH
crieudiyHi aHTUTINA AJIs1 3a1100IraHHs ajJeprivHol peaKiii.

KJIFOUYOBI CJIOBA: cupoBaTkoBHii aqp0yMiH JIOJUHA; JETEPMiHAHTH NeHINwIiHy G; peakuii rinepayTiInBOCTi
HETranHOTI'0 TUITY, MOJICKYJIAPHUU NOKIHT.
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