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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

In the present study, on the one hand, the epigenetic
modification of condensed "old" chromatin was determined,
and on the other hand, the influence of peptide bioregulators
(Ala-Glu-Asp-Gly-Epitalon; Lys-Glu-Asp-Ala-Livagen; Ala-
Glu-Asp-Pro - Cortagen and Lys-Glu - Vilon) on condensed
chromatin in  lymphocytes from old individuals. Were
used molecular-cytogenetic methods: differential scanning
calorimetry; activity of ribosomal genes of acrocentric
chromosome satellite stalks—NORs; polymorphism of
structural pericentromeric C-heterochromatin; variability of
the facultative heterochromatin (sister chromatid exchanges
- SCE) in the culture of lymphocytes from 75-88-year-old
individuals. The analysis of results shows the chromosome
progressive heterochromatinization (condensation of eu - and
heterochromatin regions) occur in aging. Epigenetics process
— heterochromatinization can deactivate many previously
functioning active genes. It blocks certain stages of normal
metabolic processes in the cell, which inhibits many specific
enzymes and leads to aging pathologies.

We show that peptide bioregulators induced unrolling
deheterochromatinization (decondensation) of total
heterochromatin, deheterochromatinization of satellite stalks
of acrocentric chromosome, activating synthetic processes
of ribosomal genes, does not cause deheterochromatinized of
pericentromeric structural heterochromatin. This data also
indicates that each of the studied peptide bioregulators (Ala-
Glu-Asp-Gly; Lys-Glu-Asp-Ala; Ala-Glu-Asp-Pro and Lys-
Glu) has a selective effect on definite regions of chromosomes.

Thus, short peptide bioregulators induce selective
heterochromatinization and deheterochromatinization
of chromosome regions (remodeling of facultative
heterochromatin) in individuals 75-88 years old that opens up
new opportunities in the treatment of aging diseases.

Key words. Heterochromatin, Bioregulator, Aging.

Introduction.

Aging could be defined as a manifestation of complex
alterations resulting in gradual dysfunction of organism,
is accompanied by the accumulation of functional loses at
different levels, which makes age to be the biggest risk factor to
many diseases (cardiovascular and neurodegenerative disease,
Alzheimer's disease, cancer).

It has been shown that during aging there is a progressive
heterochromatinization  (condensation) of eu- and
heterochromatin [1,2].

Heterochromatinization of chromatin, determined during aging,
usually hypoacetylated and methylated, indicating epigenetic
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modifications of the "old" chromatin. Hypermethylation causes
heterochromatinization and thus results in gene silencing [2,3].
Methylation of histone is a dynamic and reversible process [4,5].

Recently, the results of research demonstrated that short
peptides regulate gene expression, revealing high phisiological,
antioxsidant and anti-carcinogenic activity, significantly
increase average life span [6]. The fact that such histone
modifications are reversible — offers potential usage in therapy.
Consequently, developing the opportunities to predict and
prevent age-related pathology and improve the health status of
older people is crucial.

In the present article, on the one hand, the epigenetic
modification of condensed "old" chromatin (total
heterochromatin, constitutive - pericentromeric and telomeric
heterochromatin, regions of nucleolar organizers - NOR and
facultative heterochromatin) was determined, and on the other
hand, the influence of peptide bioregulators (tetrapeptides
Ala-Glu-Asp-Gly -Epitalon; Lys-Glu-Asp-Ala - Livagen;
Ala-Glu-Asp-Pro - Cortagen and dipeptide Lys-Glu - Vilon)
on condensed chromatin in the culture of lymphocytes from
75-88-year-old individuals.

Description of the bioregulators.

The following bioregulators were used in the experiment:

Epithalon (Ala-Glu-Asp-Gly) reinforces the organism’s
resistance to stresses, regulating neuro-endocrine system and
prolongs the average life expectancy.

Cortagen (Ala-Glu-Asp-Pro) in humans demonstrated a
pronounced therapeutic effect on the structural and functional
recovery of the damaged peripheral nerve tissue.

Vilon (Lys-Glu) stimulates lowering for the risk of premature
aging, has an antitumor activity and stimulates functioning of
the immune system and reparative processes, strengthens the
resistance of organisms to stress activities, favors prolongation
of the average life span [6].

Livagen (Lys-Glu-Asp-Ala) increases the average level of
protein synthesis in aging, renovates liver proteins and induces
the activation of protein synthesis in hepatocytes [7].

Cultivation of short-term mitogen-stimulated lymphocyte
cells was conducted according to a standard procedure with
slight modifications [8].

Bioregulators: (tetrapeptides: Ala-Glu-Asp-Gly - Epitalon;
Lys-Glu-Asp-Ala - Livagen; Ala-Glu-Asp-Pro - Cortagen and
dipeptide Lys-Glu - Vilon) will be added to the cultures at 24
hours after incubation, with a concentration of 0.01pg/ml with
no mutagenic effect, corresponding to the single therapeutic
dose and left for the entire period of incubation (72 hours) [8].
Chromosomes were identified by analysis of G-banding, using
the Ikaros karyotyping system (Meta System).
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Total heterochromatin.

The differential scanning calorimeter (DSC) with sensitivity
of 0.1 uW and measuring cell volume of 0.2 mL for the study
of chromatin denaturation parameters of human lymphocyte
culture was used. It was shown that the heating process
produced clear and reproducible endotherms — heat absorption
peaks and shoulders. In particular, the expressed heat absorption
curve shoulders in the temperature interval from 40° C to
50° C corresponded to the melting of membranes and some
cytoplasm proteins, a shoulder around 70° C corresponded to
the ribonucleoprotein complex, a weak maxima at Tm=56+1°
C corresponded to melting (denaturation) of non-histone
nuclei proteins, and peaks at Tm=63+1° C and Tm(I) =80+1°
C corresponded to cytoplasm proteins. Other high temperature
peaks at Tm(I1)=95+1° C and Tm(III)=106+1° C corresponded
to the chromatin denaturation. An endothermic peak at
Tm=106+1° C corresponded to melting of 30 nm-thick fibers,
which represented the most condensed state of chromatin
in the interphase nuclei (heterochromatinnization), and an
endothermic peak at 95+1° C corresponded to melting of 10 nm
thin filament nucleosomes [9].

The heat absorption curves corresponding to denaturation
processes in intact and cultured lymphocytes from individuals
aged 75-88 years indicate progressive heterochromatinization
of chromatin compared to middle age. Besides, treatment by
synthetic peptides ( Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala, Ala-
Glu-Asp-Pro, and Lys-Glu) intact and cultured lymphocytes
chromatin of persons in old age induced heat redistribution
and should be attributed to the local decondensation
(deheterochromatinization) of loops of up to the 30 nm
fibers and partial decondensation of transcribed chromatin
transformation of 10 nm filaments. Respectively the synthetic
peptide Dbioregulators (Ala-Glu-Asp-Gly; Ala-Glu-Asp-Pro,
Lys-Glu-Asp-Ala and Lys-Glu) unfolds the highest levels of
chromatin organization, that induces deheterochronatinization
(decondensation) of total (structural and facultative) chromatin
in intact cells of old individuals (see Table 1).

Variability of facultative heterochromatin based on the SCE
test.

To more specifically determine those parts of the chromatin
that are more susceptible to the effects of decondensation, the
method of accounting for sister chromatid exchanges (SCE)
was used.

For differential staining of sister chromatids was used
Bromodeoxyuridine  (5-bromo-2-deoxiurudine, BrdU) (in
concentration 7.7 mcg/ml) [3]. BrdU is a synthetic nucleoside
that is analog of thymidine.

The results of studies on the induction of SCEs by peptide
bioregulators (tetrapeptides Ala-Glu-Asp-Gly, Lys-Glu-Asp-
Ala, Ala-Glu-Asp-Pro, and dipeptide Lys-Glu) in lymphocyte
cultures of aged individuals are shown in Table 1.

The analysis showed that Epitalon induced a significant
increase in SCE counts in A, C, D and G group chromosomes
(Epitalon-treated cells from old individuals corresponding
to an average of 8.4+0.5 - per cell (for intact cultures of the
same individuals, this value was 6.2+0.2 SCE/cell); Livagen
(Lys-Glu-Asp-Ala) induced a significant increase in SCE
counts in A, B, C, D, E and G groups with statistic relevance
(an average of 9.2+0.4- per cell.); Cortagen (Ala-Glu-Asp-Pro)
significantly increased SCE counts in A, C and D chromosomes
in comparison with intact cells (an average of 10.1+0.3 - per cell
) and the bioregulator Vilon (Lys-Glu) significantly increased
SCE counts in A, C, D, E and G chromosomes (an average of
9.9+0.6 - per cell).

This data indicates that each of the studied peptide bioregulators
has a selective effect on definite regions of chromosomes. The
SCE processes do not occur or are less in heterochromatin
or heterochromatinized chromosome regions Therefore,
during the aging the increased frequency of SCEs under the
influence of bioregulators demonstrates the decondensation
(deheterochromatinization) of the condensed chromosome
regions, followed by the release of the repressed genes located
there [3,8,10].

Table 1. Influence of peptide bioregulators — Epitalon (Ala-Glu-Asp-Gly), Livagen (Lys-Glu-Asp-Ala),Cortagen (Ala-Glu-Asp-Pro) and Vilon

(Lys-Glu).
Association . Structural heterochromatin (C- bends)
. . Facultative
Experi-mental of acrocentric . . Chromosomes
conditions chromosomes per heterochromatin  Total heterochromatin
cell PeT(SCE per cell) 1 9 16
Control .. Stable Stable Stable
+ + .. . ..
(20-40yr.) 1.3310.06 7.710.4 Stable condition condition condition condition
Control . Heterochro- Stable Stable
17140, 940. - .. .. ..
(75-88yr.) 1.1720.05 3.910.2 Heterochro-matinized matinized condition condition
Epitalon 2.324+0.12 8.4+0.5 Deheterochro-matinized DCh.Ct.C rochro- DCh.Ct.c rochro- Stabl'c .
matinized matinized condition
Livagen 2.49+0.14 9.2+0.4 Deheterochro-matinized Deh.et.e rochro- Deh.et.e rochro- StabI.e .
matinized matinized condition
Cortagen 220+0.11 10.140.3 Deheterochro-matinized 1LCcrhro- Stable Stable
matinized condition condition
Vilon 2.39+0.11 9.9+0.6 Deheterochro-matinized 1o /Ochro- Stable Stable
matinized condition condition
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Acrocentric chromatid satellite association.

Silver staining of acrocentric satellites and the G-banding
technique was used for chromosome identification. To analyze
the association, have selected metaphases with a complete set of
chromosomes and with a satisfactory arrangement of acrocentric
chromosomes. The associative activity of the strands positively
correlates with the intensity of Ag-staining that, in turn, depends
on the activity of the ribosomal genes located in NORs. Criteria
for the determination of an association was following satellites
of acrocentric chromatids joined to each other or their short
arms were connected by fiber-like structures [10].

The data obtained from the analysis of Ag-positive NORs
in culture lymphocytes derived from old donors intact and
treated with bioregulators ( Ala-Glu-Asp-Gly; Lys-Glu-Asp-
Ala, Ala-Glu-Asp-Pro, and Lys-Glu) are given in Table 1. It
was shown that all bioregulators strongly increased the amount
of Ag-positive NORs in all acrocentric chromosomes either
involved in associations or not) in lymphocyte cultures of
aged individuals in comparison with intact cells (p > 0.001).
In particular, the number of Ag-positive NORs acrocentric
chromosomes involved in associations corresponded to 2.32
per Epitalon- treated cell, 2.49 per Livagen - treated cell, 2.20
per Cortagen - treated cell, 2.39 per Vilon - treated cell that
is significantly higher than the corresponding index for intact
cultures (see table 1). All the bioregulators also stimulate
ascending of associative activity of acrocentric chromosomes.
The frequency of bioregulators-treated cells of aged individuals
containing associations reliably exceeds the control value for intact
cultures. It should be noted that all the bioregulators caused equal
increases of all types of association DD,DG and GG.

That results are in accordance with the previous data. In
particular, hormones, various growth factor and chemicals
induce chromosome decondensation (in old age as well)
resulting in increased transcriptional activity of nucleolar
organizers [11-13].

Heteromorphism of structural pericentromeric
C-heterochromatin.
The structural pericentromeric C-heterochromatin

chromosomes 1, 9, and 16 were examined using the method
of Fernandez et al. [14]. The system of classification proposed
by Patil and Lubs [15] was used for comparative analysis of
C-stained chromosomes in intact and synthetic peptides treated
lymphocytes. In compliance with this classification, the size of
C-segments of the chromosomes 1, 9, and 16 was compared
to the short arm of chromosome 16 (measured by stage
micrometer). According to this system of classification, the
results were distributed to five variants—a< 0.5 x 16p; b>0.5—
1 x 16p; ¢> 1.5 x 16p; d> 1.5-2 x 16p, and e > 2 x 16p, and
evaluated using X2 [3].

The data on heteromorphism of structural pericentromeric
heterochromatin (C-segments) in intact lymphpcytes and in
lymphpcytes treated by peptide bioregulators (Ala-Glu-Asp-
Gly, Lys-Glu-Asp-Ala, Ala-Glu-Asp-Pro and Lys-Glu) for
chromosomes 1, 9 and 16 are presented in the Table.

The data reflecting variability of large (d and e) and small (a
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and b) C-segment variant frequencies in separate chromosomes
appeared to be different in the case of the tested bioregulators.
It should be noted that in cells treated with Cortagen (Ala-Glu-
Asp-Pro) and Vilon (Lys-Glu), the distribution of C-segment
variants for chromosomes 1 was heterochromatinized, however,
for chromosomes 9 and 16 remained stable and did not different
in intact lymphpcytes in old age (p>0.05) .

In Epitalon and Livagen- treated cells chromosome 1 and 9
appeared to be deheterochromatinized (the decrease of large
bands in size). The rate of heteromorphism for mentioned
chromosomes was significant (p<0.001). A difference between
the control indices and compared for chromosome 16 were not
significant (p<0.05).

Conclusion.

The epigenetic process with age determines the progressive
heterochromatinization and can deactivate many previously
functioning active genes. It blocks certain stages of normal
metabolic processes in the cell, which inhibits many specific
enzymes and leads to aging pathologies. The action of
genetic systems reveals general rules in the behavior of
such systems, as the connection between the structural and
functional interrelationships between the “directing” and
“directed” structures. In this respect, it should be noted that
heterochromatinised regions in chromosomes can reversed
by many physical and chemical agents, hormones, and
peptide bioregulators. Peptide bioregulators (tetrapeptides
Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala,  Ala-Glu-Asp-Pro,
and dipeptide Lys-Glu) generally affects the remodeling
(deheterochromatinization) of facultative heterochromatin
and therefore such actions can help in the treatment of aging
diseases.

The proposed genetic mechanism responsible for remodeling
(deheterochromatinization) facultative heterochromatin in the
process of aging may lead to the development of therapeutic treat
of the aging pathologies and to the prolongation of the life span.
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OnureHeTHYecKass  MOAU(PUKAUUA  [OJ  BJIHUAHHEM
NeNTUIHBIX OMOPEryJISITOPOB HA KMOCTAPEBIIU» XPOMATHH
Teiimypa3 Jlexasa'? , Tunatun Jxoxamse'? , xamier
Momnacenmumze®, Tamap byanze'?, Maits Tawosumsunu'?,
Tamap curya'?, Uura Xymkanze'?, Keresan ['oruaze'?, Hano
Muxkauna'?, Huno Ynursunazase'”
Ivagpeopa  cenemuxu  Tounucckoeo
yrusepcumema, Tounucu,I py3us.
Uncmumym  eenemuku  TOUNUCCKO20 — 20CYOApPCMBEHHO20
yrusepcumema, Tounucu, I py3us.
3labopamopusi  uzuxu  Uncmumyma
E.Anoponuxaweunu, Tounucu, I pyzus

20¢y0apCcmeeHHo20

Qusuku  um.

B HacTos1eM uccae10BaHuU ¢ OTHOM CTOPOHBI, OIPEAETsIIach
SIUreHeTUYecKast Mo UKaIHS KOH/IEHCUPOBAHHOTO
«TIOCTapeBIIET0» XpPOMaTHHA, & C APYroi CTOPOHBI, BIMSIHUE
nentuaHbBIX OnoperynsitopoB (Ala-Glu-Asp-Gly — Epitalon;
Lys-Glu-Asp-Ala — Jlusaren; Ala-Glu-Asp-Pro — Kopraren
n Lys-Glu — BuiioH) Ha KOHAEHCHPOBaHHBIH XpOMaTuH B
TUMQOLNTAaX CTApbIX MHAMBUAOB. bBBUIM  HCIOJB30BaHEI
MOJIEKYJIIPHO-IIUTOT€HETHIECKUE METOIBL: T hepeHnnanbsHast
CKaHHPYIOL[asi KaJOpUMETpHs; OMpefeleHe aKTUBHOCTU
pUOOCOMHBIX TEHOB aKPOIEHTPHUYECKHX XPOMOCOM -
S10P; omnpeneseHme momuMopQu3mMa CTPYKTYpPHOTO
nepuleHTpoMepHoro  C-reTepoxpoMaTuHa; — ONpefeieHHE
BapuabeNbHOCTH (axkynbTaTHBHOTO reTepoXpoMaTHHa
(cectpuHCcKHe Xpomatuanbsle oOMeHbl - CXO) B KyJbTypax
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TuMQPoOIUTOB  75-88-meTHUX awim.  AHamU3  pe3yJIbTaTOB
TIOKa3bIBAET, YTO IIPH CTAPEHHUH ITPOUCXOIUT IPOTPECCUPYIONIAs
reTepOXpOMATHHHU3ALMS XPOMOCOM  (KOHJAEHcalus 3y- ¢
reTepPOXPOMATHHOBBIX YYacTKOB). DIUICHETHYECKHUH TpolLiece
— TeTepOXpOMAaTHHU3ANMUS, MOXET [eaKTUBHPOBATh MHOTHE
paHee (YHKIMOHMpYIOIIUE aKTUBHBIE TeHbl. Crenuduueckue
(hepMEHTBI M IPUBOAMT K ITATOJIOTHSAM CTApEHHsI. DTO MOAABIISIET
CHHTE3 MHOTHX CHEeUU(PHUYECKUX (EPMEHTOB, OJIOKHPYS
OIIpeAEICHHBIE  JTanmbl  HOPMAJIBHBIX  METaOOJITHYECKHX
TIPOIIECCOB B KJIETKE M IIPHUBOAUT K MATOJIOTHSIM CTapeHUsI.

Hamu nmokasaHo, 4To menTruaHbIe OHOPETYIISTOPH! BEI3BIBAIOT
packpyurMBaHHE,  JETETEPOXPOMATHHH3ALMUIO  TOTAJIBHOTO
TeTepOXpOMaTHHA, JAEreTepOXPOMATHHHU3AINIO CATEITIUTHBIX
HUTEH AKPOLIEHTPHUYECKUX XpOMOCOM, AKTHBAIHIO
CHHTETHYECKHX IPOLECCOB pUOOCOMHBIX T€HOB, HE BBI3BIBAIOT
JIETEeTEPOXPOMATHHHU3ANNIO IPUIIEHTPOMEPHOT'O CTPYKTYPHOTO
rerepoxpoMarrHa. [lomydeHHblEe AaHHBIE CBHICTEIBCTBYIOT
TaKk’kK€ O TOM, 4YTO KaKAbIH W3 W3YYEHHBIX IENTHIHBIX
onoperymnaropoB (Ala-Glu-Asp-Gly, Lys-Glu-Asp-Ala, Ala-
Glu-Asp-Pro u Lys-Glu) oka3piBaeT u30upareiabHOE JCHCTBHE
Ha OIIpe/IeNICHHBIC YIaCTKH XPOMOCOM.

TakuM o00pa3oM, KOPOTKHE TNENTHIHBIE OHOPETYJSATOPHI
BBI3BIBAIOT  CEJIEKTUBHYIO  I'€TEPOXPOMATHHH3AaLMIO W1
JIETeTEPOXPOMATUHHU3AIMIO YUACTKOB XpPOMOCOM y auI 75-88
JIET, YTO OTKPHIBACT HOBBIE BO3MOYKHOCTH B JICUCHUH OOJIE3HEH

CTapeHus.
KilouyeBble €JI0BA: TIeTCPOXPOMATHH,  OHOpPEryJILTOD,
CTapeHHue.
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