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In silico analysis of free heme action on the dimerization and activity of the

human redox sensor PARKY7
T. Barannik, N. Karabtsova

Protein PARK7 (Parkinson disease protein 7) has several enzymatic activities and also functions as a redox
sensor,copper chaperone andtranscription regulator. Under oxidative stress PARK7promotes cell survival by
activating the ERK1/2 and the PIK3 signaling. PARKY inactivation causes the reactive oxygen species accumulation
and oxidative stress progression. PARKY disorders has been revealed under neurodegenerative diseases, diabetes
and other pathologies. PARKY functioning is based on the redox changes of conserved Cys106 in the active center.
In some neurodegenerative diseases, such as Parkinson's disease, the superoxidation of redox-activeCys106is the
basis of the disorder. The removal of 15 amino acid residues from C-end is an obligatory step for the proteolytic
active center formation. Modifications observed under oxidative stress affect dimerization of PARK7 necessary for
protein maximum activation.

Erythrocyte lysis is known to result in a significant heme accumulation but heme effect on the activity of PARK7 has
not yet been investigated. Therefore, the potential heme-binding sites in PARK7 and heme binding effect on the amino
acid residues were analyzed.

Structural alignment of PARK7 mutant forms with Cys53 and Cys106 substitutions and wild type has not revealed
significant differences (RMSD<0.2A). Two areas have been found as probable targets for heme binding in PARK?7:
near the C-terminal region (175-189) that is cleaved for protein activation and in the redox-center with Cys106 and
His126. Heme binding to the PARKY protein could potentially affect its activity by several mechanisms. C-end heme
binding can prevent peptide removal necessary for catalytic activity. Cys106 oxidative modification to sulfinic acid could
occur under low free heme level and activate PARKY7 as a cytoprotector. Significant heme accumulation can result in
cysteine superoxidation to sulfonic acid and disrupt PARK7 functionality. Free iron ions as products of heme
degradation can compete with copper ions for Cys106 and Glu18 residues therefore inhibit PARK7 activity as SOD1
chaperon. Heme attachment to the sites of oxidation (Cys46, 53 and 106) or sumoylation (Lys130) could disrupt the
regulation of PARKY7 under stress. Some of the potential heme binding sites of PARK7 protein are involved in protein
dimerization, so hemecan block the formation of functional PARK7 dimers.

Therefore free heme accumulation could have multiple negative effect on PARK7 functioning and be one of the
mechanisms of PARK7-dependent neurological disorders.
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Introduction

Protein PARK7 (Parkinson disease protein 7) has multiple regulatory functions as a redox sensor,
metal chaperone, antioxidant ortranscription co-activator (Sun, Zheng, 2023) and also reveals various
enzymatic activities (EC 3.5.1.124, EC 4.2.1.130). The protective role of PARK7under oxidative stress is
associated with its effect on signaling pathways. It promotes cell survival and proliferation by activating the
ERK1/2 pathway and the phosphatidylinositol 3-kinase pathway. It attenuates cell death signaling by
inhibiting the activation of apoptosis-signaling kinase 1 (Liao et al., 2022). PARK7 inactivation decreases
the level of Nrf2-dependent antioxidants and causes the reactive oxygen species accumulation (Neves et
al, 2022). The disorders of PARKY functioning has been revealed under neurodegenerative and oncological
diseases, diabetes, heart disorders and other pathologies (Skou et al., 2024; Wilson, 2011).

PARK?7 belongs to the DJ-1/ThiJ/Pfpl protein family, contains B-sheets arranged in a flavodoxin-like
Rossmann fold but has a C-terminal helix (a9) required for dimerization (Smith, Wilson, 2017) PARK7
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functioning is based on the redox changes of conserved Cys106 in the active center. Cys106 could be in
three states - reduced (-S-), oxidized (-SO2H) and superoxidized (-SOsH), that affects the whole protein
isoelectric point and activity (Wilson, 2011). The highest activity of PARKY7 is reached under the
intermediate degree of Cys106 reversible oxidation till Cys-SO2H (sulfinic acid). The further oxidation
tillsulfonic acid (Cys-SOsH) results in the conformation changes, the increase of contact area with solvent,
destabilization of the dimer and loss of defense functions (Percio et al., 2024). It has been suggested that
overoxidation may cause additional loss of function through structural destabilization of the dimeric state
and the active conformation of PARKY. In some neurodegenerative diseases, such as Parkinson's disease,
the severe oxidation of cysteine makes a crucial contribution to the disease progression.Cys106 can
undergo persulfidation forming CysS-SH, which prevents uncontrolled S-oxygenation under stress
conditions (Galardon et al, 2022).

The removal of 15 amino acid residues from C-end (175-189 positions)is an obligatory step for the
protease activity and active center formation with Cys106 and His126 (Chen et al., 2010). Two other
cysteines (Cys46 andCys53) could undergo S-nitrosylation and Lys130 is the site for sumoylation.
Oxidative modifications and excessive sumoylation are observed under oxidative stress and affect
dimerization of PARKY with further loss of protein activity (Skou et al., 2024)

PARKY is capable to bindheavy metals (Bjorkblom et al., 2013), particularly copper, using Cys106
and Glu18 as sites for coordination. PARKY is considered to act as a copper chaperone, activating SOD1
(Girottoet al., 2014). Positions 149-150 of PARKY are the cleavage site for CASP6 associated with
neurodegeneration (Cao et al., 2012).

Oxidative stress in mammals is usually accompanied by erythrocyte lysis and hemoproteins
degradation known to result in the significant accumulation of free heme in tissues (Belcher et al., 2010).
But heme effect on the activity of PARK7 has not yet been investigated. Therefore, in this study, we
analyzed the potential heme-binding sites in PARK7 and heme binding effect on the amino acid residues
important for PARK7 dimerization and functioning.

Materials and methods

Protein annotations and sequence in *fasta format were downloaded from UniProt knowledgebase
(http://www.uniprot.org/Q99497/). Sequence analysis for cysteine accessibility and modifications was
carried out by pCysMod server (Li et al, 2021, http://pcysmod.omicsbio.info/)

Structures of PARK7 monomers and dimers (Table 1) in pdb format were downloaded from Protein
Data Bank (PDB, http://www.rcsb.org/). Currently, 64 structures are known for the PARKY protein. Three
monomeric and four homodimeric structures with high resolution with or without cysteine mutations were
selected for further analysis (Table 1).

Table 1. Characteristics of selected structures of human PARK7 monomers and dimers (by PDB and UniProt
data, method — X-rays)

PDBID | Resolution [ Positions [ Mutations | Ligands and modifications
Monomers (chain A)
1P5F 1.10A 1-189 No -
4NOM 1.95 A 1-189 53Cys—Ala Ligands: copper (ll) ion, pentaethylene glycol
6AF7 1.30 A 1-189 106Cys—Ser Ligands: pentaethylene glycol, chloride ion
Dimers (chains A/B)
1UCF 1954 1-189 No
2R1U 1.50 A 2-188 No
3SF8 156 A 1-189 No Cys106 modified in chain A
2RAT 1.70 & 2-188 Chains A, B Cys53 modified in chain B
106Cys—Ala

Protein inter-chain contacts, hydrogen bonds and salt bridges between interacting amino acid residues in
PARK? dimers were analyzed by PDBsum server (https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/). TM-
Align  tool was used for structural alignment of the selected protein  models
(http://zhanglab.ccmb.med.umich.edu/TM-align/). Structural similarity was estimated byRMSD and TM-score.

Molecular docking of heme as a ligand to the protein pdb structures was performed by two online
tools. CB-Dock2 (Cavity-detection guided Blind Docking) reveals cavities and predicts docking poses by
AutoDock Vina scoring (Liu et al., 2022; https://cadd.labshare.cn/cb-dock2). COACH-D predicts protein-
ligand binding sites using templates (Wu et al., 2018; https://yanglab.nankai.edu.cn/COACH-D/).

Heme b structural file was downloaded from PubeChem (https://pubchem.ncbi.nim.nih.gov/).
Visualization of known and modeled structures in pdb-format was performed by UCSF CHIMERA
(Pettersen et al., 2004).
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Results and Discussion

Contact interface analysis in PARKY7 dimers. According to PDBsum data, minimum 13 (in 2R1T) and
maximum 15 (in 1UCF) hydrogen bonds are formed between protein chains in PARK7 dimers.There
aretwosalt bridges in 3SF8 structure that has Cys106 mutation, three - in 1UCF and four —in 2R1Tand2R1U
structures. In all selected dimers Cys53 and His126 as well as C-end residues were involved in the
hydrogen inter-chain bonds formation.

Structural alignment of selected PARK7Y structures. Since cysteine residues are important for the
functioning of PARK7, the protein structures with cysteine mutations and modifications were compared with
wild type variants. For all selected structures very high similarity was shown. RMSD for monomers was in
the range from 0,11A for 1P5F and 6AF7 till 0.22 A for 4NOM and 6AF7. Dimers comparison has also
revealed very high similarity with minimal RMSD (0,12 A) between 1UCF and 2R1T and maximum (0.24 A)
for pair 2R1U and 3SF8.Therefore the replacement of cysteine by small amino acids serine and alanine
had no effect on PARKY structure independently on the polarity of amino acid.

Analysis of the amino acids accessibility. PARK7 amino acid sequence analysis by pCysMod has
revealed all cysteines to be poorly accessible from the surface (Fig.1). The lowest coefficient of accessibility
has been shown for Cys106 and Cys53. His126 which is also the part of the active center is much more
accessible. Taking into account the involvement of these amino acids not only in redox and enzymatic
activity but also in the inter-chain hydrogen bonds, they could become less accessible for binding of ligands
after the formation of PARKY dimers.

1 Cysd6 .53 His126
| | Cysl06 (0,296 :
7 N 0.05{9'.' i) 4|s i OV 046 N, |
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Fig. 1. The coeffecients of the amino acid residues accessibility to the solvent by the analysis of PARK7
sequence (pCysMod). Cysteine residues and histidine of active site are marked

Molecular docking of heme to PARK7 monomers. Two main variants of heme binding sites have
been predicted for all analyzed monomeric PARKY structures (Table 2).

First docking area modeled by CB-Dock?2 is located near cleavage site for CASP6 (positions 149-
150) and carboxy-end peptide 175-189 need to be removed for activation. Leu166 mutated under
neurodegeneration has also been revealed in this contact area. Second docking variant predicted by both
algorithms contains two residues able to coordinate heavy metals (Glu18 and redox-active Cys106), His126
involved in enzymatic activity and Lys130 that is the site of sumoylation. Cysteines 46 and 53 have not
been predicted to bind heme. No significant differences have been revealed between models with mutations
(4NOM, 6AF7) and wild type protein (1P5F). The amino acids necessary for inter-chain bonds formation in
PARK? dimers (Glu15, Arg48, His126 and Arg145) have been found in both heme binding variants.
According to docking results free heme accumulation could inhibit PARK7 functioning by direct blocking
the enzymatic center as well as by preventing PARK?7 dimerization or C-end peptide removal.

Molecular docking of heme to PARK7 dimers. PARK7 has maximum activity as a homodimer (Lv et
al., 2025). Heme docking to the dimeric PARKY structures (Table 3) has not revealed principally new
docking areas comparing with monomers.

Prevalently heme binding has been asymmetrical with more contact sites in one of the chains. Some
of solutions have heme bound to only one chain (data not shown). But the highest scores and the biggest
contact area have been calculated for heme docking to both chains.

The mostly represented docking variant is heme binding to the active site with Cys106 and His126.
Arg48 which forms hydrogen inter-chain bonds is also in heme proximity. The docking pose near C-end is
possible only before the removal of the C-end peptide and could negatively affect PARK7 activation.

I's worth mentioning that cysteine, histidine and tyrosine are known to have the most ability for heme
stable coordination. Cys-Pro motives are considered as heme regulatory sites and are found in various
heme-sensitive proteins (Rathod et al., 2023; Zhang, 1995). In PARK7 protein 53Cys-Pro motif has not
been predicted to bind heme as well as His137 and any of three tyrosine residues. His115 and Cys46 have
been found in docking results, in 2R1U and 3SF8 respectively. His126 is the most close to heme residues
in the majority of docking variants. Taking into account a very high affinity of histidine to heme b molecule,
this type of interaction could provide the prolonged inhibition of PARK7 enzymatic activity.

One more site for potential heme binding together with Cys106 is involved in copper chaperon
activity: Glu18. These copper ligands in PARK7 are necessary for SOD1 activation therefore superoxide
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elimination under oxidative stress. Competition of heme and copper for regulatory sites could enhance

prooxidant reactions in tissues. PARKY is known to be abundant in nervous tissue, kidneys and heart.
The alternative way for PARKY inactivation under excess heme prooxidant action is over-oxidation

of Cys106 till sulfonic acid with full inactivation of protein antioxidant properties.

Table 2. Putative sites of heme binding to PARK7 monomers (chain A). The variants with the highest scores of
binding energy and size of the contact area predicted by two algorithms. Amino acid residues involved in the
covalent modifications or inter-chain binding are marked in bold, residues of the C-end peptide are underlined

PDB ID, Online tool and docking
docking site Residues predicted to contact with heme solution
Lys122 Glu143 Asn144 Arg145 Val146 Glu147 Lys148 Asp149 CB-Dock2: Vina score —
1 | Leu153 Phe162 Glu163 Phe164 Leu166 Ala167 lle168 Glu170 8,0; Cavity volume 147
Ala171 Lys175 Ala178 Ala179 Lys182 Leu187 A3
1P5E Gly13 Glu15 Glu18 Ser47 Arg48 Gly75 Asn76 Leu77 Ala79 GIn80 CB-Dock2: Vina score —
Asn81 Ser83 Glu84 Cys106 Ala107 Thr110 Ala111 His126 Pro127 5,2; Cavity volume 786
2 | Leu128 Ala129 Lys130 Asp131 Lys132 Met133 Gly157 Pro158 A3
Glu18 Gly74 Gly75 Asn76 Cys106 Ala107 His126 Leu128 Ala129 COACH-D: C-Score
Lys132 Pro158 0.65, Cluster size 41
Glu143 Asn144 Arg145 Val146 Glu147 Lys148 Leu153 Gly159 CB-Dock2: Vina score —
1 | Phe162 Glu163 Leu166 Ala167 Glu170 Ala171 Lys175 Ala178 7,1; Cavity volume 124
Ala179 Lys182 Leu187 Lys188 A3
ANOM Gly13 Glu15 Glu18 Ser47 Arg48 Gly74 Gly75 Asn76 Leu77 GIn80 CB-Dock2: Vina score —
Cys106 Ala107 Thr110 His126 Pro127 Leu128 Ala129 Lys130 6.4; Cavity volume 319 A3
2 | Asp131 Lys132
Glu18 Gly74 Gly75 Asn76 Cys106 Ala107 His126 Leu128 Ala129 COACH-D: C-Score
Lys132 Pro158 0.67; Cluster size 40
Asn144 Arg145 Val146 Glu147 Lys148 Asp149 Gly150 Leu153 CB-Dock2: Vina score —
1 | Phe162 Glu163 Leu166 Ala167 lle168 Glu170 Ala171 Leu172 Lys175 | 7,6; Cavity volume 85 A3
Ala178 Ala179 Lys182 Leu187 Lys188
Lys12 Gly13 Ala14 Glu15 Met17 Glu18 Ser47 Arg48 Gly74 Gly75 CB-Dock2: Vina score —
6AF7 Asn76 Leu77 Gly78 Ala79 GIn80 Asn81 Ser83 Ser106 Ala107 Thr110 | 6,0; Cavity volume 799
5 His126 Leu128 Ala129 Lys132 Arg156 Gly157 Pro158 Gly159 A3
Glu18 Gly74 Gly75 Asn76 Ser106 Ala107 His126 Leu128 Ala129 COACH-D: C-
Lys132 Pro158 Score0.42; Cluster
size 39

Cys106 modification (3SF8) or substitution (2R1T) have not significantly affect location of the heme
binding sites but could weaken heme coordination. There are two main binding area for heme: docking site
near Arg145 with C-end peptide in proximity. And the combination of N-end amino acid residues including
Glu18 able to bind heavy metals as well Cys106 and His126 important for formation of active site together
with Arg28 and Arg48 necessary for the interchain hydrogen bonds. N-end amino acids have been found
in heme contact area much often in monomers but not in dimers.

Therefore, two main variants of heme docking have been predicted for PARK7 both monomers and
dimers — near active center and near C-end peptide (Fig.2). But the binding energy as well as contact
surface area are much more favorable for heme binding by PARK? dimers.

Heme has a plane rigid tetrapyrrol ring with Fe-ion able to electron transfer. Four coordination
places are occupied by the nitrogen and two more are available for coordination with proteins or small
ligands. Free heme acts as a detergent and prooxidant and can bind hydrophobic structures and oxidize
cell components under hemeprotein degradation. Proteins coordinate heme iron through histidine, tyrosine
or cysteine (WiRbrock et al., 2019).

Docking areas have revealed mostly hydrophobic and positively charged amino acids such as lysine,
arginine, and histidine, able to attract carboxyl groups of heme. However, in the absence of residues that
bind heme strongly (cysteine, histidine, tyrosine), the interaction through hydrophobic residues is unstable.
When heme is attached to the PARKY dimer, it binds to the chains not symmetrically: with one chain more
than with another. By attaching to residues that interact between monomers during dimerization, heme can
probably prevent the formation of dimers. This can lead to structural instability, which will negatively affect
the activity of the protein.
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Table 3. Putative sites of heme binding to PARK7 dimers (chains A/B). The variants with the high binding
energy and the biggest size of the contact area predicted by CB-Dock2 and COACH-D

PDB ID, Online tool and
docking site Residues predicted to contact with heme (chain A / B) docking scores
A: lle21 Glu143 Asn144 Arg145 Val146 Pro158 Gly159 Thr160 Ser161 CB-Dock2: Vina
Phe162 Glu163 Leu166 Ala167 Glu170 Lys182 Leu187 Lys188 score —7,1; Cavity
1 | B:lle21 Arg145 Pro158 Gly159 Thr160 Ser161 Phe162 Glu163 volume 287 A3
Leu166Lys182 Leu187 Lys188
A: Arg28 GIn180 Pro184 Leu185 CB-Dock2: Vina
1UCF B: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 score —5,6;
GIn80 Asn81 Ser83 Glu84 Cys106 Ala107 His126 Pro127 Leu128 Ala129 Cavity volume
2 | Lys130 Asp131 Lys132 Pro158 1029 A3
A: Arg28 Pro184 COACH-D: C-
B: Glu15 Glu18 Gly74 Asn76 Cys106 Ala107 His126 Leu128 Pro158 Score 0.74;
Cluster size 81
A: Lys188 CB-Dock2: Vina
1 B: Asn144 Arg145 Val146 Glu147 Lys148 Leu153 Gly159 Phe162 Glu163 score —6,8;
Phe164 Leu166 Ala167 Glu170 Lys175 Ala178 Ala179 Lys182 Leu187 gSavity volume 324
Lys188
A: Arg28 GIn180 Pro184 Leu185 CB-Dock2: Vina
2R1U B: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 GIn80 score —5.; Cavity
Ser83 Glu84 Cys106 Ala107 Thr110 Leu113 Ala114 His115 Glu116 His126 volume 1190 A3
2 | Leu128 Ala129 Asp131 Lys132 Asn135 Pro158
A: Glu15 Glu18 Gly74-75 Asn76 Cys106His126 Leu128 Ala129 Pro158 COACH-D: C-
B: Arg28 Pro184 Score 0.74;
Cluster size 75
A: Arg28 Val181 Pro184 Leu185 CB-Dock2: Vina
B: Gly13 Ala14 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 score —7,9; Cavity
Ala79 GIn80 Cys106 Ala107 Thr110 His126 Pro127Leu128 Ala129 Lys130 volume 877 A3
1 [ Asp131 Lys132 Met133 Pro158
A: Arg28 Pro184 COACH-D: C-
3SF8 B: Glu15 Glu18 Gly74-75 Asn76 Cys106 Ala107 His126 Leu128 Pro158 Score 0.74,
Cluster size75
A: Glu143 Asn144 Arg145 Val146 Glu147 Gly159 Phe162 Glu163 Phe164 CB-Dock2: Vina
5 Leu166 Ala167 Glu170 Lys175 Ala178-179 Lys182 Leu187 Lys188 Asp189 score —6,6;
B: Glu143 Asn144 Arg145 Val146 Phe162 Glu163 Phe164 Leu166 Ala167 Cavity volume 378
Lys182 Leu187 Lys188 A3
A: lle21 Arg145 Gly157 Pro158 Gly159 Thr160 Ser161 Phe162 Glu163 CB-Dock2: Vina
1 Leu166 Lys182 Val186 Leu187 Lys188 score —7,6;
B: Arg145 Gly159 Thr160 Phe162 Glu163 Phe164 Leu166 Ala167 Lys182 Cavity volume 85
Val186 Leu187 Lys188 A3
2R1T A: Gly13 Glu15 Glu18 Ser47 Arg48 Gly74-75 Asn76 Leu77 Gly78 Ala79 CB-Dock2: Vina
(106 GIn80 Asn81 Ser83 Glu84 Ala106 Ala107 Thr110 His126 Leu128 Ala129 score —6,0;
C>A) Lys130 Asp131 Lys132 Met133 Asn135 Arg156 Gly157 Pro158 Cavity volume 799
2 | B: Arg28 Pro184 Leu185 3
A: Glu15 Glu18 Gly75 Asn76 Ala106His126 Leu128 Ala129 Pro158 COACH-D: C-
B: Arg28 Pro184 Score 0.74,
Cluster size 75

Summarizing the results of molecular docking studies, it could be assumed that heme binding to the
PARKY7 protein could potentially affect its activity by several mechanisms. First, the C-terminus in the full
sequence of the PARKY protein that is a putative heme binding site according to docking results, may
prevent protein activation through proteolysis. Second target is Cys106. Under conditions of insignificant
hemolysis and low oxidative stress heme can perform a signaling role and activate PARK7 through
moderate modification of redox-active cysteine to sulfinic acid, that contributes to its cytoprotective activity.
However, increased intravascular hemolysis and significant accumulation of free heme in tissues together
with high level of reactive oxygen species, results in cysteines oxidation to sulfonic acid. Cys106
peroxidation will lead to a disruption of PARKY functionality as a redox sensor and block the activation of
Akt- and Nrf2-dependent signaling pathways, critically important for antioxidant functions. A similar
inhibition can be caused by free iron as products of heme degradation. The iron ions could bind to the
Cys106 and Glu18 residues competing with copper ions therefore inhibiting PARK7 chaperon activity
towards antioxidant enzyme SOD1. An additional mechanism of heme effect is the inhibition of post-
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Docking
variant 2

Fig. 2. Two main variants of the heme binding sites predicted for PARK7 dimers. 1UCF structure used as an example

translational modifications of the PARK7 protein. Heme attachment to the sites of phosphorylation or
sumoylation could interfere normal maturation and regulation of PARK7 under stress.

Conclusions

Structural alignment of PARKY protein mutant forms with Cys53 and Cys106 substitutions with PARK7
wild type without modifications has not revealed significant differences (RMSD<0.2A).

Two areas are the most probable targets for heme binding in PARKY. First one is near the C-terminal
region so heme may prevent the cleavage of this region necessary for protein activation. Second binding
site is in the redox-center with Cys106 and His126. Partial oxidation of redox-active Cys106till sulfinic acid
could take place under low heme level and provide PARKY activation. Under intense hemolysis and high
concentrations of reactive oxygen species, Cys106 could be further oxidized till sulfonic acid that makes
PARK?7 totally inactivated.

Some of the potential heme binding sites of PARKY protein are involved in protein dimerization, so
hemeaccumulationcould prevent the formation of functional PARK7 dimers.

Heme attachment at the sites of PARKY7 post-translational modifications or in proximity to them could
destabilize the regulation of protein activity.

Therefore, in general PARKY activity could be dependent on free heme concentration. A long-term
heme accumulation could have multiple negative effects on PARKY functioning and be one of the
mechanisms of PARK7-dependent neurological disorders.
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In silico anani3 Ail BinbHOro remy Ha AuMepu13aLito Ta akTUBHICTb

penokc-ceHcopa PARKY noavHu
T. BapaHHik, H. Kapa6buoBa

Binok PARK?7 (6inok xBopobu MapkiHcoHa 7) Mage Kinbka hepMeHTaTUBHMX aKTUBHOCTEN, a Takox (OyHKLIIOHYE SIK pe1oKC-
CeHcop, MigHWI LIanepoH i perynsatop TpaHckpunuii. B ymoBax okcuaatusHoro ctpecy PARKY cnpusie BUXXMBaHHIO KIiTUH
wnaxom aktmeauii ERK1/2 i PIK3 curHaniHra. IHaktvBauis PARKY7 BMKNMKae HaKOMMYEHHS aKTUBHUX (POPM KUCHIO Ta
nporpecyBaHHs oKkcuaaTMBHOro ctpecy. [lopyweHHss nos’szaHi 3 PARKY7 BusaBneHi npu HevpogereHepaTtuBHUX
3axBOpIOBaHHAX, Aiabeti Ta iHwWux natonorisx. PyHkuioHyBaHHA PARKY7 6asyeTbCs Ha OKUCHO-BIAHOBHMX 3MiHaX
koHcepBaTuBHoro Cys106 BakTMBHOMY LieHTpI. [pn Aesknx HepoaereHepaTVBHUX 3aXBOPIOBAHHSAX, TakMX Sk XxBopoba
MapkiHcoHa, cynepokucrneHHs pegokc-aktmeHoro Cys106 € ocHOBOW po3nafy. BupoaneHHs 15 aMiHOKMCNOTHMX 3anuLLKIB
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m In silico aHani3 dii 8inbHO20 2eMy Ha dumepu3auiio ma akmuegHicmb pedokc-ceHcopa PARKY noduHu

In silico analysis of free heme action on the dimerization and activity of the human redox sensor PARK7

3 C-KiHUS € 0B0B'A3KOBUM eTanom hopMyBaHHS NPOTEONITUYHOIO akTUBHOTO LIeHTPY. Moaundikauii, Wwo BiabysatoTbes nig,
Yac OKCuAaTMBHOIO CTPECy, BNMBakoTb Ha Aumepu3auiio PARKY, HeobXigHy Ans makcumarnbHoOT aktueadii binka.
Bigomo, Lo niauc eputpoumTiB NPU3BOAMTE 40 3HAYHOrO HAKOMUYEHHS reMy, ane BhnuB remy Ha aktusHicTb PARKY Ha
Ler MoOMeHT He gocnigkeHo. Omxe, y poboTi 6ynu npoaHanisoBaHi NOTEHLNHI canTy 3B'a3yBaHHs rema B PARKY i edpexT
3B'A3yBaHHA rema 3 amiHOKUCNOTHUMM 3anmLUKaMu.

CTpyKTypHE BWpiBHIOBaHHA MyTaHTHUX (OpMPARKY i3 3amiHammn Cys53 i Cys106 3 6Ginkom Aukoro Tumy He
nokasarnosHayyLumx BigMiHHOCTEN (RMSD<O,2A). 3a pesynbTataMmy MONEKYNspHOro OOKIHry ABi obracTti € MMOBIpHUMU
MilueHaMu ansa 3s’AsyBaHHsA remy YPARKY: nobnusy C-kiHueBoi ainsHku (175-189), aka BnganseTbecs Ana akrmsauii
6inka, i B pegokc-LUeHTpi 3 Cys106 i His126. 3B'asyBaHHs remy 3 6inkom PARK7 noTeHUiiHO MOXe BrnuvBaTtu Ha Moro
aKTMBHICTb 3a AOMOMOIOH0 KiflbKOX MexaHi3miB. 3B'a3yBaHHsA rema Ha C-KiHUi MOXe 3anobirtu BuaaneHHio nentuaa, o
HeobxigHO Ans kaTaniTMyHoi akTmBHocTi. OkucnoBanbHa Mogudikauis Cys106 Ao cynbgiHOBOI KUCMOTM MOXe
BiAbyBaTnCA 3a HM3bKOrO PiBHA BiflbHOrO remy Ta aktusyBaTu PARKY, akun Byae Qiatm Ak umtonpoTtekTop. 3HavHe
HaKOMWYEHHA TemMy MOXe MpU3BECTM [0 CYMNEPOKWUCIIEHHS UMCTEiHY [0 Cynb(OHOBOI KWCMOTM Ta MOPYLUUTK
dyHKuioHanbHicTb PARKY. BinbHi ioHn 3anisa sk nNpoaykTu Aerpagauii reMy MOXyTb KOHKypyBaTV 3 ioHamu Mifj 3a
3anuwkm Cys106 i Glu18, i Takum 4nHoMm iHribyBaTtu aktuBHicTb PARKY sk wanepoHa SOD1. MpuegHaHHs remy o canTis
okucneHHs (Cys46, 53 i 106) abo cymointoBaHHs (Lys130) moxe nopywmTu perynsudito PARKY nig yac ctpecy. Oeski 3
NOTEHUiHNX calTiB 3B'A3yBaHHs rema binkom PARK7 GepyTb yyacTb y AvMmepwusadii, ToOMy rem moxe Gnokysatu
YTBOPEHHSA dyHKLioHanbHWX Anmepis PARK?Y.

OTxe HaKOMUYEHHS BiNbHOTO reMy MOoXe MaTl MHOXWUHHWIN HeraTuBHUIM BB Ha dyHKLUioHYBaHHA PARKY i 6yTn ogHum
i3 MexaHiamiB PARK7-3anexHnx HEBPOOriYHNX po3nagis.

Knrouoesi cnnosa: PARK7, eem, pedokc-peaynsuyis, Qumepu3sauisi, MONEKynsipHUl OoKiHe, HelipodezeHepau,isi

HumyeaHHs: Barannik T., Karabtsova N. In silico analysis of free heme action on the dimerization and activity of the
human redox sensor PARKY. BicHuk Xapkiecbko2o HayioHarnbHo20 yHieepcumemy imeHi B.H.Kapasina. Cepis
«bionoeis», 2025, 44, c. 15-22. https://doi.org/10.26565/2075-5457-2025-44-2

lpo asmopis:

BapaHHik T.B. — XapkiBCbkuin HauioHanbHUN yHiBepcuTeT iMeHi B.H. Kapasina, nn. Ceobogu, 4, XapkiB, YkpaiHa,
61022, tbarannik@karazin.ua, http://orcid.org/0000-0002-8123-3871

Kapabuosa H.M. — XapkiBcbkuin HauioHanbHui yHiBepcuteT imeHi B.H. Kapasina, nn. Ceoboau, 4, Xapkis, YkpaiHa,
61022, karabtsovanadia@gmail.com, https://orcid.org/0009-0006-5196-4936

Authors contribution: All authors have contributed equally to this work. / BHecok aBTopiB: Yci aBTOpu 3pobunmu
PiBHO3HAYHWIA BHECOK Y NiArOTOBKY Ui€i po6oTu.

Conflict of interest: The authors declare no conflict of interest. / KoHdonikT iHTepeciB: ABTopu 3asBns0Tb Npo
BifICYTHICTb KOHONIKTY iHTepeciB

IModaHo do pedakuii: 10.10.2025 / [popeyeH3oeaHo: 22.04.2025 / puliHsimo Ao ApyKy: 26.05.2025

Cepisi «Bionorisiy, Bun. 44, 2025
Series “Biology”, issue 44, 2025 ISSN 2075-5457 (print), ISSN 2220-9697 (online)



