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ABSTRACT

BACKGROUND: The genetic material of eukaryotes exists in the nucleus in the form of a nucleoprotein complex named chroma-
tin. Realization genetic information requires chromatin remodeling mediated by ATP-dependent chromatin remodeling proteins
of the SNF2 family. Evolutionarily conserved chromatin assembly and remodeling factor CHD1 is associated with the develop-
ment of prostate cancer. Development of prostate cancer is promoted both by deletions and by increase in the amount of CHD1
protein in the cell.

AIM: To analyze the effect of increased expression of the CHD1 protein in a model organism — Drosophila — on the transcrip-
tion of hormone — dependent tissue-specific genes in the salivary glands.

METHODS: We used a genetic model based on the overexpression of either wild-type Drosophila CHD1 protein or its catalyti-
cally inactive form in the salivary glands under the control of the GAL4-driver P{GawB}AB]. The level of gene transcription in
the salivary glands was investigated by reverse transcription followed by real-time PCR.

RESULTS: We have shown that increased production of the CHD1 protein in the salivary glands leads to a disruption in the at-
tachment of pupae to the surface. It is shown that this phenotype is caused by specific suppression of transcription of Salivary
gland secretion (Sgs) genes.

CONCLUSION: A model system has been created for studying genetic effects caused by an increase in the amount of CHD1
protein in Drosophila cells. This model can be used to investigate the mechanisms of transcriptional regulation by CHD1 and its
disturbance as a result of increased production of CHD1 protein.
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U3MeHeHue akcnpeccum reHoB, KOHTPOUPYIOLMX
6es1IKM ceKkpeTa CNIOHHbIX XXenes Apo30¢ubl,
npy noBbilleHHOU npoaykuuu 6enka CHD1

A.B. TopowuHa, A.H0. KoHeB

MeTepByprckuit MHCTUTYT sifepHoit dusnky M. B.1. KoHcTaHTMHOBa HaumoHanbHoro uccneoBatenbeKoro LeHTpa «KypuaToBCKUi MHCTUTYT,
laTumHa, Poccus

AHHOTALUA

06ocHoBaHuMe. eHeTUYeCKMIA MaTepuan 3yKapuoT B SApe HaXoauTCsA B BULE HYKIEOoNpOTEMHOBOr0 KOMMMeKca — XpoMa-
TMHa. Peanusaums reHeTMyeckol uMHgopMaumu TpebyeT peMoLeNMpOBaHUs XpoMaTWHa, KoTopoe ocywiecTnsetca ATO-
3aBUCUMbIMK OeNIKaMM peMoJennpoBaHna XpoMaTuHa ceMeictBa SNF2. 3BOMIOLMOHHO KOHCEPBATMBHbIN (aKTop COOpKM
n pemogenupoBaHusa xpoMatuHa CHDT cBA3aH ¢ pa3BuTEM paka npeacTaTeNibHoM ene3bl. Pa3sutuio atoro 3abonesanus
cnocobetByroT Kak peneums CHD1, Tak u yBenuyeHune Konuyectea benka CHD1 B kneTke.

Lenb — aHanu3 BnausHMA noBbllueHHoOW 3Kkcnpeccun b6enka CHD1 B MoaenbHOM opraHuMsmMe — Apo3odune — Ha TpaHc-
KpUNLMIO FOPMOH-3aBUCUMBIX TKaHECTIELIMBUYHBIX TEHOB B CIIIOHHBIX Yese3ax.

Matepuanbl n MeToAbl. Micnonb3oBanu reHeTUHeCKy0 MoAesb, OCHOBaHHYI0 Ha cBepxakcnpeccum benka CHD1 aposodmibl
AVIKOTO TWNa JI60 ero KaTtajMTUYECKM HeaKTMBHOW (GOpMbI B CIIIOHHBIX JKene3ax nof aenctenem GAL4-ppavisepa P{GawBJABI.
YpoBeHb TPAHCKPUMLMM TEHOB B CIIOHHBLIX KeNie3ax WCCnefoBanM MeToAOM 00paTHOM TPaHCKPUNUMM C MocneaytoLlen
MoMMepasHoM LENHON peakumeli B peanbHOM BpEMEHMU.

Pe3ynbratbl. HamMu noKasaHo, 4to noBbileHHas npoayKums 6enka CHD1 B KneTKax CIOHHbIX Kene3 NPUMBOAUT K HapYLLEHUIO
MPUKPENJIEHNS KYKOMOK K MOBEPXHOCTU. 3T0T (eHoTUn 0bycnoBnieH cneunduyeckuM noAaBieHeM TPAHCKPUMNLMKM TEHOB,
KOAMPYIOLLMX OCHOBHbIE Deflku cekpeTa crtoHHbIX xene3 SGS (Salivary gland secretion, Sgs).

3aknouenune. CosfaHa MoaenbHas CUCTEMA 1S U3YYEHUA FeHeTUYecKuX 3 EKTOB, BbI3BaHHbIX YBEJIMYEHNEM KONMYECTBA
benka CHD1 B KneTkax Apo30dunbl. 3Ta MOAeNb MOXET ObiTb UCMONb30BaHa 1A UCCNEA0BaHMA MeXaHU3MOB perynauum
TpaHcKkpunuwmm 6enkom CHD1 1 ee HapyLueHuin B pe3ynbTaTe NOBbILEHHON NpoayKummn benka CHD1.

Knwouesble cnoea: Drosophila melanogaster; cexkpet cnionHbIx xenes; CHD1; SNF2; Sgs.
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BACKGROUND

In eukaryotic cells, genetic material is arranged into a
chromatin complex made up of DNA and histones. All DNA
functions, including transcription, replication, repair, and
recombination, rely on chromatin modifications; more-
over, they serve as the foundation for epigenetic regula-
tion. Chromatin remodeling by motor proteins (ATPases
from the SNF2 family) is one of the primary mechanisms
of chromatin modification [1]. Among these, the chromo-
ATPase/helicase-DNA-binding protein (CHD) subfamily is
distinguished by double chromodomains [2, 3]. Drosophi-
la, a classic model organism, has all three groups of this
subfamily: CHD1, CHD3-4, and kismet (CHD6-9), which
are also found in the mammalian genome [4]. CHD1 is the
most conserved protein in this subfamily, and its unique-
ness lies in its involvement not only in chromatin remo-
deling, but also in its assembly from DNA and histones
in vitro [5] and in vivo [6-8]. Nucleosomes are removed
and assembled by ATP-dependent chromatin remodel-
ing factors and histone chaperones acting together [7, 9].
In vivo, CHD1 is necessary for the integration of vari-
ant histone H3.3 in replication-independent chromatin
assembly during post-fertilization transformation of the
Drosophila male pronucleus [6]. A similar function of
CHD1 has been described for mammals [10].

CHD1 plays an essential role in transcription regu-
lation. It was initially characterized as a chromatin-re-
modeling protein that bhinds to active transcription sites
(puffs and interbands) in the polytene chromosomes of
Drosophila third-instar larvae [11]. Studies in yeasts and
human cell culture found that CHD1 is secreted in com-
plex with various transcription elongation factors and
splicing system components. CHD1 regulates transcrip-
tion initiation, elongation, and termination [3, 12-15].
During transcription elongation in Saccharomyces yeast,
CHD1 interacts with the elongation factors Spt4-Sptb
and Spt16-Pob3, as well as the Rtf1 subunit of the PAF1
complex, which regulates elongation [13]. According to
studies in mice, CHD1 is a component of the preinitia-
tion complex during transcription initiation [16]. During
its formation, CHD1 is recruited to active gene promot-
ers through interaction with the Med1 component of the
Mediator complex [16]. In fission yeast, Chd1 is also part
of this complex [17, 18]. In yeast, Drosophila, and hu-
man cell gene promoters, CHD1 likely overcomes the
transcription barrier, which is represented by the first
nucleosome after the transcription start site [19-22].
In Drosophila, CHD1 acts as both an activator and a re-
pressor of gene transcription [23, 24].

The human genome has two homologues of Droso-
phila ChdT (CHD1 and CHD2), which appeared as a result
of whole-genome duplication during vertebrate evolution
and are both involved in carcinogenesis. Mutations in the
CHDT gene are associated with prostate cancer [25-27].
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In this case, CHD1 acts as a cancer suppressor, essen-
tial for the development of prostate cancer and metas-
tasis. Deletions, mutations, and rearrangements in the
CHDI1 gene are among the most prevalent abnormalities
seen in prostate cancer. CHD1 recruits the androgen recep-
tor to the promoters of cancer suppressor genes such as
NKX3-1, FOXO1, and PPARy [28]. However, deletions have
a minor role in carcinogenesis compared to an excess of
the CHD1 protein. The most common mutations in pros-
tate cancer are in the PTEN gene; these mutations disrupt
the proteolysis of the CHD1 protein [29]. Excessive CHD1
levels activate genes involved in the TNF-NF-kB pathway,
which promotes cancer. PTEN mutations in cancer cells
exhibit fatal synthetic interactions with CHDI mutations
or inactivation of this gene by RNA interference. There-
fore, in tumors with PTEN deletions that cause CHD1
protein accumulation, it may be a promising target for
the development of targeted therapy. However, given the
multiple roles of CHD1 in genetic regulation, its use as
a target for targeted therapy necessitates comprehen-
sive research into all of its functions and the mechanism
of action. Therefore, we developed a genetic model to
assess the effects of increased CHD1 production using
the classic model organism Drosophila melanogaster.
For this purpose, we induced the expression of this pro-
tein in salivary glands to assess the effect of increased
CHD1 production on both the structure of chromosomes
and chromatin, and on gene expression. We used the GAL4
driver P{GaWBJ}AB1, which expresses the GAL4 protein in
salivary glands from the embryonic stage to the end of the
larval stages, to induce transcription of transgenes encod-
ing either the wild-type CHD1 protein (P{UAST-Chd1*"})
or its catalytically inactive form (P{UAST-Chd1*®%7}).
The substitution of lysine for arginine at position 559
of the conserved ATPase domain completely eliminates
the protein’s ATPase activity and its ability to remodel or
assemble chromatin [6]. During these studies, we found
that pupae of species with increased CHD1 expression
in both forms are very loosely attached to the walls of
Drosopbhila culture tubes and easily fall off when touched
with a dissecting needle. Pupae attach to the substrate
using salivary gland secretions. That is why this study
assessed the effect of increased CHD1 production on the
expression of genes encoding the key proteins of this
secretion (salivary gland secretion, SGS).

The work aimed to assess the effect of increased
CHD1 protein expression in a model organism, Drosoph-
ila, on the transcription of hormone-dependent tissue-
specific genes in salivary glands.

METHODS

The study used the following Drosophila strains: wild-
type Oregon-R strain; GAL4 driver w; P{GaWBJ}AB] strain;
strains carrying the transgenes w; P{UAST-Chd1™"},
encoding the wild-type protein, and w; P{UAST-Chd1%7*%%}
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encoding a protein with an inactive ATPase [6]; as well as
two strains carrying deletions in Chd1—w; Df(2L) Df(2L)
Chd1'/T(2;3) SM6b-TM6B Tb and w; Df(2L) Exel7014/T(2:3)
SMé6b-TM6B Th. The Df(2L)Chd1’ deletion deletes three
genes, including Chd1, whereas the large Df(2L)Exel7014
deletion overlaps with Df(2L)Chd1[1] in only one gene,
Chd1 [6]. When crossing these two lines, null mutants
for the Chdl gene were selected [6]. All cultures were
maintained on a standard medium at 25 °C.

To quantitatively assess pupae attachment to test
tube walls, cultures were grown in collapsible test tubes
with removable bottoms. After pupation, the medium-
filled bottoms were replaced with ones filled with room-
temperature water and turned over a specified number of
times. Then, the number of pupae that remained attached
to the walls and the number of those washed away were
counted. Statistical analysis was performed using the x?
test with Yates's correction [30].

Total RNA was isolated using acid guanidinium thio-
cyanate-phenol-chloroform extraction with Trizol reagent
(Invitrogen, USA) in accordance with the instructions. RNA
was extracted from isolated salivary glands or whole lar-
vae at various stages of development. The isolated RNA
was treated with DNase, and reverse transcription was
performed using the LunaScript kit (New England Biola-
bs, USA). Real-time PCR was performed using the master
mix for RT-PCR SyberGreen + Rox (2.5X) (BioRad) and the
BioRad CFX96 amplifier. RNA was isolated from larvae at
the puff stage PS1-2, 0-hour prepupae (stage PS10), and
0-hour prepupae + 2 h (stage PS10+2). To determine the
physiological age, larvae were grown on a medium con-
taining bromophenol blue dye, which allows distinguish-
ing between development stages based on the amount of
colored medium in the larval intestines [31]. Genes of U6
spliceosomal RNA (SnRNA:U6), actin Act42A (Actin42A),
and ribosomal protein RpL32 (Ribosomal protein L32)
were used as reference genes. Statistical analysis was
performed using REST 2009 [32]. Primers used for
RT-PCR are available upon request.

RESULTS

This study was based on the observed loose at-
tachment to test tube walls in pupae with the gen-
otypes w; P{GaWB}AB1/P{UAST-Chd1™’ and w;
P{GaWB}AB1/P{UAST-Chd1*®**?}. Given that pupating
PS10 larvae attach to the substrate using their salivary
gland secretions, which serve as “glue”, we hypothesized
that this phenotype may be associated with a disruption
in the synthesis of the main component of this “glue”:
salivary gland secretion (SGS) proteins. The disruption
of synthesis was evidenced by the almost complete ab-
sence of secretion in the lumen of salivary glands at all
studied stages of development. The glands of such spe-
cies are somewhat reduced and do not exceed the fat
body thickness, but otherwise retain normal morphology.

Yol.23(2)2025
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To quantify the degree of pupal attachment to the surface,
we washed off the pupae by inverting the culture cups
with water and counting the number of pupae washed off
vs those that remained attached. The findings are pre-
sented in Table 1.

According to Table 1, after 50 inversions, 88.7% of pupae
with the genotype w; P(GaWBJ}AB1/P{UAST-Chd1(wt), 92%
of pupae with the genotype P{GaWBJAB1/P{UAST-Chd1“"},
and only 5% of pupae with the genotype w;
P{GaWBJ}AB1/+ were washed off. Therefore, we obtained
qualitative differences in the attachment phenotype, in-
dicating a nearly complete disruption of salivary gland
secretion with increased expression of both the CHD1
protein and its inactive form in salivary gland cells.

In the next stage, we assessed the expression of salivary
gland secretion genes Sgs3 (Salivary gland secretion 3),
Sgs4 (Salivary gland secretion 4), Sgs5 (Salivary gland
secretion 5), ng2 (new glue 2), and Pig1 (Pre-intermoult
gene 1), which are only expressed in salivary glands.
The expression of all genes was assessed in salivary
glands of larvae at the PS1-2 stage, when extreme-
ly active transcription of all three Sgs genes begins,
but active transcription of ng2 and Pig! ceases [33].
The U6 spliceosomal RNA (SnRNA: Ué6) gene, which is
transcribed by RNA polymerase I, was used as a refer-
ence gene. Unlike genes transcribed by RNA polymerases
| and II, the CHD1 factor had no effect on the expression
of genes transcribed by polymerase Ill. The results of the
analysis are shown in Fig. 1; the data are presented using
a logarithmic scale.

In this stage, expression of both ChdT transgenes re-
sults in a nearly complete absence of transcription of all
studied genes encoding salivary gland secretion proteins
(SGS3, SGS4, and SGS5). At the same time, the expression
of a catalytically inactive form of the CHD1 protein (ng2)
causes transcription of two other tissue-specific sali-
vary gland genes to remain unchanged (Pig!) or even
increase. Therefore, the suppression of transcription of
the sgs genes is highly specific and does not result from
a general suppression of transcription in salivary gland
cells. This is further supported by the preservation of the
virtually normal structure of salivary glands, except for
the absence of secretion in their lumen, which is prima-
rily composed of SGS proteins.

In the next stage, we analyzed changes in the amount
of RNA transcribed from the Sgs4 and Sgs5 genes during
development. In this experiment, RNA was isolated from
whole larvae, because expression of both the studied
genes and the GAL4 driver P{GaWB}ABT occurs only in
salivary glands, and separation from the fat body is dif-
ficult in larvae expressing Chd1 transgenes. The experi-
ment used two controls: the wild-type Oregon-R line and
P{GaWB}AB1/+ heterozygotes, and null mutants for the
ChdT gene (Fig. 2). The Act42A and RpL32 genes were
used as reference genes. To assess changes in RNA
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Table 1. Relationship between pupal attachment to the surface and expression of CHD1 protein in salivary gland cells
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Baseline number

Number of pupae washed off depending on the number
of tube inversions

Number of pupae that

Total number of pupae

of pupae - - - - - - remained attached washed off (%), p*
10 inversions 30 inversions 50 inversions
P{GaWBJAB1

39 0 0 2 37 2

10 1 0 9 1

12 0 1 0 " 1

40 1 0 1 38 2

52 1 0 1 50 2

12 0 0 0 12 0

16 1 0 0 15 1

42 1 0 0 41 1

24 2 0 0 22 2

19 0 1 1 17 2
266** 7 2 5 252 (94.7%) 14 (5.2%)

P{GawB}AB1/P{UASTCHD1(WT)}

30 12 8 8 2 28

36 15 " 7 3 33

48 15 16 1" 6 42

31 6 16 2 7 24

33 15 " 7 0 33

36 9 17 7 3 33

58 24 28 3 3 55
272 96 107 45 36 (11.3%) 282 (88.7%), p=3.3 x 10°%

P{GaWBJAB1/P{UAST-Ch1(KR)559}

49 17 18 10 4 45

21 9 7 3 2 19

20 4 8 8 0 20

18 5 9 0 18

37 9 13 [l 4 33

16 3 8 4 1 15

25 12 7 3 3 22

21 11 6 3 1 20

38 19 " 5 3 35

19 6 9 1 3 16
264# 95 96 52 21 (8.0%) 243 (92.0%), p = 4.1 x 107%8

Note. *p, probability that the ratio of pupae washed off to pupae that remained attached does not differ from that in the control line P{GaWBJABI;
** the ratio of pupae washed off to pupae that remained attached does not differ between tubes (p = 1.00), therefore the data were pooled; #, the ratio
of pupae washed off to pupae that remained attached does not differ between tubes (p = 0.18), therefore the data were pooled; #, the ratio of pupae

washed off to pupae that remained attached does not differ between tubes (p = 0.98), therefore the data were pooled.

levels during development, relative expression is shown
in relation to the reference genes and the minimum rela-
tive expression during development in control species
with the P{GaWBJ}AB1/+ genotype [34].

https://doiorg/10.17816/ecogens/8785

At the PS1-2 stage, Chd7 null mutants also had re-
duced transcription of Sgs4 but not Sgs5. Therefore, the
effect of the catalytically inactive form of the CHD1 pro-
tein on the expression of Sgs genes cannot be explained
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Fig. 1. Effect of increased production of constructs encoding normal (P{UAST-Chd1(wt)) and catalytically inactive (P{UAST-Chd1*®55%}) forms of
the CHD1 protein on the expression of tissue-specific genes of salivary glands in Drosophila. Relative expression and a 95% confidence interval

are shown.

by its lack of activity and is comparable to the effect of
increased wild-type CHD1 protein production on the ex-
pression of salivary gland secretion genes. Over time,
the relative expression of Sgs genes increases slightly
with increased production of CHD1 (especially its inac-
tive form), which can be attributed to a slow increase in
their transcription as CHD1 protein levels in the cell rise.
Therefore, CHD1 does not completely inhibit Sgs gene
transcription as a result of increased recruitment to chro-
matin, interfering with RNA polymerase recruitment.

DISCUSSION

The key finding of this work is that elevated CHD1
protein levels in salivary gland cells cause highly spe-
cific suppression of salivary gland secretion gene

https://doi.org/1017816/ecogen6/8785

transcription, resulting in disruption of pupae attachment
to the surface. This easily analyzed trait allows creat-
ing an experimental model for assessing the factors in-
fluencing the phenotype associated with an increase in
CHD1 protein levels in Drosophila cells. In humans, mu-
tations in the PTEN phosphatase cause the CHD1 protein
to stabilize, resulting in an increase in CHD1 levels in
the cell and malignant transformation of prostate cells.
The identification of a highly specific phenotype associ-
ated with increased CHD1 production in salivary gland
cells in Drosophila lays the groundwork for study-
ing transcription regulation in a model organism, Dro-
sophila, as a result of an increase in this protein levels.
Such studies may shed light on both the mechanisms
of action of the CHD1 protein and the mechanisms of
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Fig. 2. Age-related changes in the expression of the salivary gland secretion genes Sgs4 and Sgs5 in Drosophila. Relative expression and a 95% con-

fidence interval are shown.

hormone-dependent regulation of gene activity. Prostate
cancer in humans is hormone-dependent [35]. Multiple
transcriptional cofactors, including the pioneer factors
FOXAT1 and GATA2, strictly regulate hormone-induced
gene expression via the androgen receptor (AR) [35].
The expression of salivary gland secretion genes de-
pends on the steroid hormone ecdysone and is medi-
ated by the ecdysone receptor EcR, the closest homo-
logue of the androgen receptor [36]. The expression of
the Sgs4 and Sgs3 genes is dependent on both the ec-
dysone receptor EcR and the transcription factor fork-
head, a direct homologue of FOXA1 [36, 37]. Therefore,
hormone-dependent regulation of gene activity in sali-
vary glands of Drosophila is comparable to androgen-
dependent transcription regulation in human prostate
cells.

CONCLUSION

The proposed model system for assessing the genetic
effects of increased CHD1 protein levels in Drosophila
cells can be used to study the mechanisms of transcrip-
tion regulation by the CHD1 protein and its disruption as
a result of increased CHD1 protein production.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. A.B. TopoLuuHa — cbop 1 noaroToKa 06pa3Lios, npose-
Lenvie TLP B peanbHOM BPeMeHM, aHann3 NoyyeHHbIX AaHHbIX, HanucaHme
TexcTa; A0. KoHeB — KoHLIENUMA 1 An3aitH MccneoBaHws, aHanms no-
Ny4YeHHbIX AaHHbIX, Han1caHue TeKcTa, 0630p NMTepaTypbl, OKOHUaTENbHas
pefaKkums TekcTa. ABTOpbI 0406pUAM Bepcvio Ans NybnuKaLuu, a Takke
COrIAaCUIINCL HECTW OTBETCTBEHHOCTb 3a BCE acneKTbl paboThl, rapaHTVpys
HaZnexalLiee PacCMOTPEHME U PeLLIeHe BOMPOCOB, CBA3AHHBIX C TOUHOCTbIO
1 [,0BPOCOBECTHOCTLIO N0OON ee YacTy.
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bnaropapHoctu. bnaropapum t0numio AnekcangposHy WnbuHy 3a 0byde-
HWe MeTofjaM, KOTopble Mbl 1CM0fb30BanM B paboTe, 1 3a ee 3HaUNTeSTbHbIN
BKJAZ, B JOCTVKEHWE Pe3ynbTaToB [aHHOr0 MCCefoBaHus.

3JTnyeckas akcneptusa. VccnenoBaHus NpoBefieHb C UCMOb30BaHMEM
nnoposoit Mylwku Drosophila melanogaster. 3aKnto4eHNs 3TUYECKOrO KO-
MuUTETa He TpebyeTcs.

WUcTounuku duHaHcupoBaHus. Pabota BbiMonHeHa B pamKax rocy-
[apCTBEHHOr0 3afiaHus MUHUCTEPCTBA HayKM W BbiCLUEro 0bpa3oBaHus
Poccuitckonn ®epepauym (tema N2 1023031500033-1-1.6.7;1.6.4;1.6.8
«DyHKUMOHANbHAs M CTPYKTYPHas OpraHu3aLms CIOMHBIX, MyNbTUKOM-
MOHEHTHbIX BMONOMMYECKMX CUCTEM M X AMHAMVMKay, PErUCTPALMOHHBIN
Homep N° 121060200127-6).

PackpbiTie uHTepecoB. ABTOpbI 3asBNAIOT 06 OTCYTCTBUM OTHOLLIEHWIA, Aesi-
TENLHOCTU W UHTEPECOB 3a NOCNeAHWe TPW rOAa, CBA3aHHbIX C TPETbUMMU
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