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ABSTRACT

Parkinson's disease is a slowly progressive chronic neurodegenerative disease with a global prevalence esti-
mated at 0.3% and rising sharply with age to over 3% in people over 80 years of age. Estimates of the incidence of
Parkinson's disease worldwide range from 5 to 35 new cases per 100,000 people per year. The disorder is defined by
the presence of classic motor signs, including the characteristic presence of bradykinesia in all patients, tremor in
most, and rigidity. One of the proteins associated with Parkinson's disease is DJ-1, also known as Parkinson dis-
ease protein 7 (PARK?). Studies have shown that DJ-1 is an antioxidant protein that plays a key role in counteracting
oxidative stress in dopamine neurons. In the framework of the studies carried out in Escherichia coli BL21(DE3)-
RIPL strain, the recombinant rDJ-1 protein was obtained in an amount of 3.5 mg. By immunizing a rabbit, poly-
clonal anti-rDJ-1 antibodies were isolated, which, in enzyme immunoassay and Western blotting, showed high sen-
sitivity to the DJ-1 protein at a dilution of up to 1: 512,000. The resulting polyclonal antibodies showed the required
informativeness when studying the expression of DJ-1 in the cell lines HEK293 (wild type) and HEK293park- (with
knocked-out park gene). The resulting antibodies can be used in studies to assess the expression level of DJ-1 in
immunological tests to detect and quantify the target protein: flow cytometry, ELISA, Western blotting, immuno-
fluorescence, immunohistochemistry, immunoelectrophoresis.
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Introduction

Parkinson's disease is a slowly progressive chronic
neurodegenerative neurological disease that is more
common in older people [1]. Estimates of the incidence
of Parkinson's disease worldwide range from 5 to 35 new
cases per 100,000 people per year [2]. The age of onset
of the disease ranges from the third decade of life to
old age. Global prevalence, conservatively estimated at
0.3%, rises sharply with age to over 3% in people over 80
years of age [3]. The disorder is defined by the presence
of classic motor signs, including the characteristic pres-
ence of bradykinesia in all patients, tremor in most, and
rigidity [4]. These motor symptoms are often preceded
by non-motor manifestations such as olfactory dysfunc-
tion (in about 90% of cases), constipation, REM sleep
behavior disorder, depression and/or anxiety [5].

Signs of Parkinson's disease include loss of neurons
in certain areas of Substantia nigra found in the mid-
brain area and extensive accumulation of an intracel-
lular protein, a-synuclein. Although neither the loss of
pigmented dopaminergic neurons in Substantia nigra
[6] nor the accumulation of a-synuclein in neurons are
specific for Parkinson's disease, these two major neuro-
pathologies are specific for the definitive diagnosis of
idiopathic Parkinson's disease. Intraneuronal protein
aggregates composed primarily of a-synuclein are found
in all patients with Parkinson's disease. The existence of
point mutations and multiplication of the SNCA gene
(coding for a-synuclein) that cause hereditary forms of
Parkinson's disease strongly supports the notion that
a-synuclein plays a key role in Parkinson's disease. [7].
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One of the proteins associated with Parkinson's dis-
ease is DJ-1, also known as Parkinson disease protein
7 (PARKY?). The PARKY gene encodes a protein of the
C56 peptidase family, has 8 exons and is located on the
1p36.23 chromosome region. Deglycase DJ-1 is 20 kDa,
consists of 189 amino acids with seven B-strands and
nine a-helices, and is present as a dimer. Under oxida-
tive conditions, DJ-1 inhibits a-synuclein aggregation
due to its chaperone activity [8, 9], functioning as a redox
chaperone and as a sensor of oxidative stress. Accord-
ingly, DJ-1 is able to protect neurons from oxidative
stress and cell death [9]. In parallel, the DJ-1 protein acts
as a positive regulator of androgen receptor-dependent
transcription. DJ-1 is expressed in both retinal neurons
and mammalian retinal pigment epithelium, where it
plays a neuroprotective role against oxidative stress
under both physiological and pathological conditions
[10, 11]. Mutations in DJ-1 (PARK?7) cause an early onset
of autosomal recessive Parkinson's disease [12] and are
associated with increased cellular oxidative stress [13,
14]. DJ-1 mutations are known to be associated with
recessive forms of familial parkinsonism. Several stud-
ies have suggested that DJ-1 is an antioxidant protein
that plays a key role in counteracting oxidative stress in
dopamine neurons [15]. Confirmation of the important
role of DJ-1 in the development of Parkinson's disease
is that the absence of DJ-1 can cause motor dysfunc-
tion even in the absence of nigral neurodegeneration
[16, 17]. However, due to the limited data on pathology,
it is still difficult to draw a conclusion about the influ-
ence of the expression level of DJ-1 and its modifica-
tion on the human neurological state. Several DJ-1 defi-
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cient mouse models have been developed. Studies have
shown that the DJ-1 knockout mouse model is hyper-
sensitive to the effects of MPTP and rotenone and the
mouse locomotor model remains unchanged even in
the absence of DJ-1. However, a clear motor deficit was
observed in DJ-1 knockout mice after neurotoxin admin-
istration compared to an intact mouse model, indicating
that DJ-1 still plays a neuroprotective role in the nervous
system [18], leading researchers to conclude the impor-
tance of expression level of the DJ-1 protein.

The aim of this work was to obtain polyclonal anti-
bodies against the DJ-1 protein. To achieve this goal,
it was necessary to obtain a recombinant analog of the
human DJ-1 protein in Escherichia coli cells, immunize
the rabbit, isolate anti-rDJ-1 polyclonal antibodies and
evaluate their sensitivity and specificity in ELISA and
Western blotting.

Materials and methods
Nutrient media, strains, vectors

For the selection of transformant clones, agar
medium based on Lennox Broth was used: 1% trypton,
0.5% yeast extract, 0.5% NaCl, 1.5% agar. SOC medium
(2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5 mM
KClI, 20 mM MgSO4, 20 mM glucose (pH7.5) was used to
incubate the transformed cells. Terrific Broth medium
was used to cultivate the strain. (TB), having the follow-
ing composition: 1.2% tryptone, 2.4% yeast extract, 0.5%
glycerin, 170 mM KH2PO4, 720 mM K2HPO4.The con-
centration of ampicillin in the nutrient medium was 200
pug/ml.The pPARK7 vector was used as a plasmid., and
the host strain was BL21(DE3)-RIPL.

BL21(DE3)-RIPL strain transformation and gene
expression

The 100 ng of plasmid DNA was added to 50 ul of a
cell suspension of competent cells and electroporated
using a MicroPulser (BioRad, USA) under the follow-
ing modes: voltage — 2.5 kV, resistance — 200 Q, capac-
itance — 25 uF. After electroporation, the cells were
diluted with SOC medium in a ratio of 1:20, incubated
in a shaker at 37°C for 1 hour. Then the culture was
seeded on a solid nutrient medium with ampicillin and
kept for 16 hours at 37°C.

A single transformant colony was cultured in TB
medium at 37°C with ampicillin in a volume of 1 L.In
the middle of the logarithmic growth phase at OD600
= 0.6, 0.3 mM isopropyl-f-D-1-thiogalactopyranoside
(IPTG) was added and incubated for 16 hours at 18 °C.
Cells were collected by centrifugation at 6000xg, 4 °C
for 7 minutes.

Chromatographic Purification of Recombinant
DJ-1 Protein

Cells were suspended in buffer (20 mM Tris-HCI
pH 8.0 and 500 mM NacCl) and lysed on a UP200S ultra-
sonicator pulsed at 24 kHz (10 pulses, 10 seconds/pulse)
on ice. The lysate was clarified by centrifugation at
40000xg, 60 min, 4°C. The clarified lysate was applied to
a Ni-NTA agarose column (Invitrogen). The column was

washed with 20 mM Tris-HCI pH 8.0 buffer, 500 mM
NaCl, 20 mM imidazole. The DJ-1 protein was eluted
with 150-500 mM imidazole in 20 mM Tris-HCI pH 8.0,
500 mM NaCl. The eluates were analyzed by SDS-PAGE
according to the Laemmli method [19]. Purified recom-
binant DJ-1 was dialyzed against PBS (137 mM NaCl, 2.7
mM KCI, 10 mM Na2HPO4, 1.8 mM KH2PO4 pH 7.4) for
16 hours with buffer changes. The protein concentration
was measured by the Bradford method [20].

Rabbit Immunization and Isolation of Anti-rDJ-1
Polyclonal Antibodies

A 7-month-old male rabbit was used for immuniza-
tion. Prior to immunization, 1 ml of blood was taken
from a rabbit. The first rabbit immunization was per-
formed with a 1:1 mixture of DJ-1 protein with complete
Freund's adjuvant (total volume 1 ml). The protein con-
centration for the first immunization was 300 pg/ml. For
the second immunization, the protein was mixed with
incomplete Freund's adjuvant, also in a ratio of 1:1. In
subsequent immunizations, the protein concentration
was 150 ug/ml. The antigen was injected subcutaneously
at several points along the spine. The interval between
immunizations was 7 days.

Isolation of immunoglobulins was carried out by
salting out in ammonium sulfate. Ammonium sulfate
was added to the serum to obtain a 20% saturated solu-
tion and incubated at 4 °C on a magnetic stirrer for 3
hours. Next, the solution was centrifuged (10000xg, 20
min), the resulting supernatant was transferred to a new
flask and adjusted with ammonium sulfate to a concen-
tration of 45%. The mixture was incubated under the
same conditions for 16 hours. Desalting was performed
using dialysis against PBS (pH 7.2).

Enzyme linked immunosorbent assay (ELISA)

For ELISA, a 96-well plate (Nunc-Immuno Plate) was
used. Protein DJ-1 was applied to the plate at a concen-
tration of 1 pug/ml, the plate was incubated at 4°C for
16 hours. Next, the plate was washed three times with
PBS buffer with 0.1% Tween-20 (PBST). Plate blocking
was performed with 1% skim milk for one hour at 37°C.
After repeated washing with PBST buffer, serum con-
taining antibodies against the DJ-1 protein was added
in various dilutions: 1:100, 1:80 in duplicate. Next, a
binary titration was performed with 100 pl. Incubation
was carried out for one hour at 37 °C. After incubation,
the plate was washed with PBST buffer and anti-spe-
cies (secondary) antibodies conjugated with horserad-
ish peroxidase (anti-Rabbit) at a dilution of 1:10,000
were added and incubated for an hour at 37°C. Reac-
tions were stopped by adding an equal volume of 0.1 N
sulfuric acid. The results were detected with terameth-
ylbenzidine (TMB) (10 mg per 10 ml citrate-phosphate
buffer, pH 5.0 and 100 pul 3% H202) at 490 nm.

Western blotting

HEK293 and HEK293park- cells were grown in
DMEM supplemented with 10% serum for 5 days. Cells
were collected by standard trypsinolysis and the num-
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ber of collected cells was evaluated. After cell sedi-
mentation, 1 ml of lysis buffer (150 mM NaCl, 50 mM
Tris-HCI pH 7.4, 1 mM EDTA, 1 mM PMSF, 1% Tri-
ton X-100, 0.1% SDS) was added to the pellet, suspended
and homogenized with ultrasound. SDS-PAGE was per-
formed on two lysates, recombinant DJ-1 was used as a
positive control in different amounts: 6.5 pg, 3.9 pg, 2.6
pg and 1.3 pg.

Western blotting was performed according to [21]
using a PVDF membrane and 5% skimmed milk pow-
der as a blocking agent. Incubation with polyclonal anti-
rDJ-1 (1:10,000 dilution) was performed at room tem-
perature for 1 hour. The membrane was washed with
TBS buffer with 0.1% Tween-20. Anti-species (anti-
Rabbit) antibodies diluted 1:20,000 were used as sec-
ondary antibodies. The chemiluminescence reaction was
detected with the Chemiluminescense Detection kit for
HRP (Biological Industries).

Results and discussion

Expression of the park7 gene and purification of the
recombinant protein DJ-1

The park7 gene encoding the DJ-1 protein was cloned
into the pPARKY vector. In this vector, the park7 gene
is built under the control of the tac promoter, which is
activated when IPTG is added to the medium. In the
open reading frame, the resulting DJ-1 protein has 189
amino acid residues and carries the 6His-tag histidine
tag from the N-terminus. The calculated mass of the
recombinant DJ-1 protein is 20 kDa, the pI value is 3.32.
The antibiotic resistance marker of the pPARKY7 vector
is ampicillin. Ampicillin-resistant clones were obtained
by transformation of competent cells of the Escherichia
coli BL21(DE3)-RIPL strain with the pPARK7Y vector.
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Figure 1 — SDS-PAGE electrophoresis of lysate samples after induc-
tion of recombinant strain Escherichia coli BL21(DE3)/pPARK7
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Verification of the expression of the park7 gene showed
that the recombinant strain, when IPTG was added,
effectively expressed the gene throughout the entire
induction stage. Figure 1 shows the results of electro-
phoretic separation of lysates of the recombinant strain
before and after induced activation of the tac promoter.

As can be seen from Figure 1, when IPTG is added, a
linear accumulation of the DJ-1 recombinant protein is
observed in the cells of the strain. Additionally, a high
level of expression of the park7 gene in a heterologous
environment can be noted. The high expression level
of the park7 gene and the accumulation of the recombi-
nant DJ-1 protein in a water-soluble form in the cyto-
solic fraction of the lysate facilitate protein purifica-
tion. Figure 2 shows the results of the purification of
the recombinant DJ-1 protein using metal affinity chro-
matography on a column with a Ni-NTA sorbent.
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Figure 2 — Results of chromatographic purification of protein DJ-1

As can be seen from Figure 2, recombinant DJ-1
began to elute at a concentration of 150 mM. Measure-
ment of the protein concentration in the pooled frac-
tions showed that the yield of the purified recombinant
DJ-1 protein is 3.5 mg per 1 liter of the induced culture
of the BL21(DE3)-RIPL/pPARKY strain, which is a high
indicator.

Rabbit immunization and production of anti-DJ-1
polyclonal antibodies

Previously, the optimal amount of injected antigen
was determined and the optimal rabbit immunization
scheme was established [22]. Therefore, the concentra-
tion of purified and dialyzed recombinant DJ-1 protein
was adjusted to 0.6 mg/ml by adding PBS. The selec-
tion of control serum makes it possible to determine
the titer of specific antibodies formed after immuniza-
tion. The sevenfold immunization carried out within 1
month contributed to the development of an appropri-
ate immune response. A total of 6 dilutions of antiserum
from 1:8000 to 1:512000 were performed with an equal
amount of DJ-1 recombinant protein. The antibody titer
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is defined as the maximum dilution of serum at which
the ratio of optical density 490 (OD490) (OD490 serum
after immunization/OD490 serum before immunization)
is greater than 2:1. The antibody titer was shown to be
~1:512,000 (Figure 3).
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Figure — 3 Analysis of the antibody titer in the serum of an immu-
nized rabbit by ELISA

Checking the antibody titer using ELISA showed
that the end point of the titration corresponds to a dilu-
tion of 1: 512,000 (Figure 3). The specificity of polyclonal
antibodies was determined using different proteins:
GFP (green fluorescent protein), RBD (receptor bind-
ing domain of SARS-Cov-2), and lysozyme. The choice
of GFP and RBD is justified by the fact that all of them,
like DJ-1, were obtained recombinantly in Escherichia
coli by plasmid expression. Using ELISA, it was found
that the obtained antibodies have a high specificity for
the DJ-1 protein and do not interact with other proteins.

Since the titer of antibodies in the serum of the
immunized rabbit to rDJ-1 after 7 immunizations was
high, immunoglobulins were isolated by salting out with
ammonium sulfate.

To test the sensitivity of the obtained anti-rDJ-1 anti-
bodies, Western blotting was performed against the
recombinant DJ-1 protein in the following amounts: 2
ng, 1 pg, 500 ng, 200 ng, and 100 ng (Figure 4). As can
be seen from the results of Western blotting, antibodies
at a dilution of 1:10,000 detect up to 0.1 pug of the DJ-1
protein.
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Figure 4 — The result of testing the sensitivity of polyclonal antibod-
ies to the recombinant protein DJ-1

The resulting antibodies were tested on lysates of
the HEK293 cell line (wild type) and the HEK293park-
cell line (with park7 gene knockout). Figure 5 shows the
results of this testing.

As follows from Figure 5, the resulting polyclonal
antibodies interact both with the wild-type PARK7
(DJ-1) protein in the cell lysate and with the purified
recombinant protein in an amount of up to 1.3 ug. In
the HEK293park- cell lysate the park7 gene expression

1 2 3 4 5 ¢

1 — HEK cell lysate; 2 — lysate of HEK cells with park7 gene
knockout; 3 —rDJ-1 (6.5 pg); 4 — rDJ-1 (3.9 ug); 5—rDJ-1 (2.6
pg); 6 —rDJ-1(1.3 pg)

Figure 5 — The result of testing polyclonal antibodies on lysates
HEK293 and HEK293park-

was not observed.

Thus, the obtained polyclonal antibodies can be used
to detect and quantify the target protein in immuno-
logical tests such as flow cytometry, ELISA, Western
blotting, immunofluorescence, immunohistochemistry,
immunoelectrophoresis, and immunodiffusion tests.
Anti-rDJ-1 antibodies have additional value in the use
of immunoaffinity chromatography as ligands for the
preparation of immunoaffinity sorbents for purification
of DJ-1.

To study the role of DJ-1 in human neurodegenera-
tive diseases, the authors obtained polyclonal and mono-
clonal antibodies to the human DJ-1 protein, which were
used to show pathological co-localization of DJ-1 with
other proteins associated with neurodegenerative dis-
eases and a decrease in the solubility of DJ-1 in tissues
[23]. This shows the demand for polyclonal antibodies
anti-rDJ-1 in the study of the molecular mechanisms of
Parkinson's disease.

Conclusion

One of the key proteins in the pathogenesis of Par-
kinson's disease is deglycase DJ-1, also known as
PARK7, which plays a neuroprotective role in the human
nervous system. The antioxidant function of Dj-1 affects
the resistance to oxidative stress in dopamine neurons.
As part of the work carried out, the DJ-1 protein gene
was expressed in Escherichia coli cells. The recombinant
DJ-1 protein was isolated and purified by chromatog-
raphy at 3.5 pg. By immunizing a rabbit with recombi-
nant DJ-1 protein, a pronounced immune response was
obtained and polyclonal anti-rDJ-1 antibodies were iso-
lated and precipitated from the serum, which showed
high affinity in ELISA and Western blotting against
recombinant rDJ-1. The resulting polyclonal antibod-
ies have high sensitivity and specificity and can be used
in studies of the pathogenesis of Parkinson's disease.

The accomplished work were funded by the Min-
istry of Agriculture of the Republic of Kazakhstan
(BR10764944). We express our gratitude to professors
of Nazarbayev University Utepbergenov Darkhan and
Andreeva Anna for their help in the experiments, pro-
vided cell lines HEK293 and HEK293park- and vector
pPARKY.
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TYWUIH

[TapkuHCOH aypybl — XahaHbIK Tapany neHremi 0,3%-ra 6arananrad xoHe 80 ’KacTaH acKaH agaMaapma Kachl
yinraiirad caiibid 3%-0aH acaThiH 6asy yAeMeli CO3bIIMANbl HeWpoiereHepaTuBTi aypy. [lapKUHCOH aypybIMeH
CBIPKATTAHYLIBUIBIKTBHIH 6aranaysl a7eM GoibiHma xputbiHa 100000 agamra 5-Ten 35 )kaHa XargaiFa qeliH e3repepi.
By3bu1y KJIaCCHKAIBIK MOTOPJIBIK, GeNrinepain 60IybIMeH aHBIKTATALbl, COHBIH, ilIiHAe 6ap/IbIK HAyKacTapga 6pagu-
KHUHE3USIHBIH ToH GOJIyBI, KOIILUTITiH/e TPEMOP KoHe KATThUIbIK. [[apKHUHCOH aypybIMeH GaMIaHBICTHI aKybI3ap-
neiH 6ipi — DJ-1, conbimen Katap Parkinson disease protein 7 (PARK7?) gen atanapnst. 3eprreynep DJ-1 gonamuspmix
HeWpOHAapAarbl TOTBIFY CTPECCiHe KapChl TYPyAa MaHbI3[bl PeJl aTKAPAThIH aHTUOKCHUOAHTTHIK, aKybI3 eKeHiH Kep-
certi. Escherichia coli BL21(DE3)-RIPL mrraMMbIH/ga XYPTri3iireH 3eprreyep aschbiHga 3,5 MI MeJILIepiHie PEKOM-
6uHaHTTHI rDJ-1 aKkysI3bl anblHABL. KOSHAB KMMYH/IAY apKBUIBI TOJTUKIOHANBABI aHTH-rDJ-1 anTuneHenepi Geminin
ANBIHABI, 0JIAp UMMYH/BIK GepMeHTT] Tanmayna xxaHe BecTepH-6moTrHrTe 1: 512000 cylibuity Kepcerkiminge DJ-1
AKyBI3bIHA KOFAPBI Ce3IMTaIIbIKThI KOPCETTi. ANBIHFaH NOMUKIOHANAB anTuneHenep HEK293 sxene HEK293park-
(HokayTranran park reni 6ap) sxacymwansik Xesinepiage DJ-1 skcrpeccHsICBIH 3epTTey Ke3iHfe KakeTTi akmapar
Ma3MYHBIHABUIBIKTHl KOPCETTi. AJIBIHFAaH aHTHUIEHeJlep HbICaHa aKybI3[bl aHBIKTAy )KOHE CaH[BIK aHBIKTAY YIIiH
MMMYHOJIOTHSUIBIK chiHakTapna DJ-1 akcnpeccust feHredin 6aranay yIuiH 3epTTeyiepae MaifanaHbUTybl MyMKIH:
arblHAbI quToMeTpust, UDA, BecT-610THHT, UMMYHOIIyOpeCLeHIIHSI, HIMMYHOTHCTOXUMUSI, UMMYHO371eKTpodopes.

KinTri ce3nep: [TapKkMHCOH, peKOMOGUHAHTTHI AKybI3, AHTH/IEHE.
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ABCTPAKT

Bonesus [TapkuHCOHA SIBISIETCSI MEJIEHHO MPOTPECCUPYIOIINM XPOHHUYECKUM HeHpogereHe paTUBHBIM 3a60-
JIeBaHUEM, TTI06ANBHYI0 PACTIPOCTPAHEHHOCTh, KOTOPOU ouenuBawT B 0,3% u KoTOpas pe3Ko BO3PACTAET C BO3-
pactom mo 6onee 3% cpenu nun crapuie 80 netT. OueHKY 3a601eBaeMOCTH 60JIe3HbI0 [IapKUHCOHA MO BCEMY MUPY
Konebmorest ot 5 o 35 HoBbIX ciydaeB HA 100000 yenoBek B ron. PaccTpoicTBO OnpefensieTcst HATUIUeM KI1acCh-
YeCKHX [JBUTATENIbHBIX IPU3HAKOB, BKIIIOUAsi XapaKTepPHOE HAMNYHe OPASUKUHE3NN Y BCEX MALMEHTOB, TPEMOPA Y
6GOBINMHCTBA U pUTHAHOCTH. OOHUM U3 6eTKOB, ACCOIMUPOBAHHBIX ¢ 607e3HbI0 [TapkuHCcoHa siBnsierTcs DJ-1, Takke
usBecTHas Kak Parkinson disease protein 7 (PARK?7). IIpoBeneHHbIe HcCaeIOBaHUs TTOKa3anu, uto DJ-1 sBisiercs
AHTHUOKCHUIAHTHBIM GEJIKOM, UI'PAIOIIUM KIIIOYEBYIO POJIb B IPOTUBOAEHCTBUM OKUCIIUTEIBHOMY CTPecCy B odamu-
HOBBIX HeHpoOHax. B paMkax npoBefeHHbIX nccnegoBanud B Escherichia coli mramma BL21(DE3)-RIPL 6501 mosny-
4eH peKOMOUHAHTHBIHA Genok rDJ-1 B konudectse 3,5 mr. [lyreM UMMyHH3ALUN KPOIUKA ObUIN BBII€IEHBI TOJIH-
KJIOHaJIbHBIE aHTUTeNa aHTH-rDJ-1, KOTOpble B UMMYHOpEPMEHTHOM aHAIN3e U BECTEPH-OJIIOTTUHTE IIOKA3aTH
BBICOKYIO YYBCTBUTEIBHOCTBD K 6enky DJ-1 B pasBemgenuu no 1: 512000. [TosmydeHHBIE TOMUKIOHATIBHBIE AHTUTENA
nokasanu Tpebyemyo nHGOPMATUBHOCTD NIPU U3ydeHHH dKcrpeccuu DJ-1 B kinetounsix nuHusx HEK293 (qukuit
tun) u HEK293park- (c HokyTupoBaHHbBIM resoM park). [TonydeHHBIe aHTHTENA MOTYT ObITh HCIIOIB30BAHBI B UCCIIE-
OOBAHUSX 10 OLIEHKE YPOBHS 3KcIpeccuu DJ-1 B MUMMYHOJIOTMYECKHUX TECTAX MAJIst OGHAPYKEHUS U KOTHUYeCTBEH-
HOTO OIIpee/IeH s 11eJIeBOTOo 6Genka: mpotouHas uuromerpust, DA, BecTepH-6710TTUHT, UMMYHO(IyOpeCHeHIus,
MMMYHOTHCTOXUMHUS, UMMYHO3J1eKTpodopes.

KirodeBsle cnoBa: [TapKrHCOH, peKOMOMHAHTHBIN O€I0K, AaHTHUTENA.
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