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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 0.01μg/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 µW 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(II)=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 bioregulators (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].

Experi-mental 
conditions

Association 
of acrocentric 
chromosomes per 
cell

Facultative 
heterochromatin 
(SCE per cell)

Total heterochromatin

Structural heterochromatin (C- bends)
Chromosomes

1 9  16

Control
(20-40yr.) 1.33+0.06 7.7+0.4 Stable condition Stable

condition
Stable
 condition

Stable
condition

Control
(75-88yr.) 1.17+0.05 5.9+0.2 Heterochro-matinized Heterochro-

matinized
Stable
 condition

Stable
condition

Epitalon 2.32+0.12 8.4+0.5 Deheterochro-matinized Deheterochro-
matinized

Deheterochro-
matinized

Stable
condition

Livagen 2.49+0.14 9.2+0.4 Deheterochro-matinized Deheterochro-
matinized

Deheterochro-
matinized

Stable
condition

Cortagen 2.20+0.11 10.1+0.3 Deheterochro-matinized Heterochro-
matinized

Stable
 condition

Stable
condition

Vilon 2.39+0.11 9.9+0.6 Deheterochro-matinized Heterochro-
matinized

Stable
 condition

Stable
 condition

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).
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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; c> 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 

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 сan 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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Эпигенетическая модификация под влиянием 
пептидных биорегуляторов на «постаревший» хроматин
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В настоящем исследовании с одной стороны, определялась 
эпигенетическая модификация конденсированного 
«постаревшего» хроматина, а с другой стороны, влияние 
пептидных биорегуляторов (Ala-Glu-Asp-Gly – Epitalon; 
Lys-Glu-Asp-Ala – Ливаген; Ala-Glu-Asp-Pro – Кортаген 
и Lys-Glu – Вилон) на конденсированный хроматин в 
лимфоцитах старых индивидов. Были использованы 
молекулярно-цитогенетические методы: дифференциальная 
сканирующая калориметрия; определение активности 
рибосомных генов акроцентрических хромосом  – 
ЯОР; определение полиморфизма структурного 
перицентромерного С-гетерохроматина; определение 
вариабельности факультативного гетерохроматина 
(сестринские хроматидные обмены - СХО) в культурах 

лимфоцитов 75-88-летних лиц. Анализ результатов 
показывает, что при старении происходит прогрессирующая 
гетерохроматинизация хромосом (конденсация эу- и 
гетерохроматиновых участков). Эпигенетический процесс 
– гетерохроматинизация, может деактивировать многие 
ранее функционирующие активные гены. Специфические 
ферменты и приводит к патологиям старения. Это подавляет 
синтез многих специфических ферментов, блокируя 
определенные этапы нормальных метаболтических 
процессов в клетке и приводит к патологиям старения.

Нами показано, что пептидные биорегуляторы вызывают 
раскручивание, дегетерохроматинизацию тотального 
гетерохроматина, дегетерохроматинизацию сателлитных 
нитей акроцентрических хромосом, активацию 
синтетических процессов рибосомных генов, не вызывают 
дегетерохроматинизацию прицентромерного структурного 
гетерохроматина. Полученные данные свидетельствуют 
также о том, что каждый из изученных пептидных 
биорегуляторов (Ala-Glu-Asp-Gly, Lys-Glu-Asp-Ala, Ala-
Glu-Asp-Pro и Lys-Glu) оказывает избирательное действие 
на определенные участки хромосом.

Таким образом, короткие пептидные биорегуляторы 
вызывают селективную гетерохроматинизацию и 
дегетерохроматинизацию участков хромосом у лиц 75-88 
лет, что открывает новые возможности в лечении болезней 
старения.

Ключевые слова: гетерохроматин, биорегулятор, 
старение.
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გავლენით
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კათედრა, თბილისი, საქართველო.
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უნივერსიტეტი, თბილისი, საქართველო.

3ე.ანდრონიკაშვილის სახელობის ფიზიკის 
ინსტიტუტი, ფიზიკის ლაბორატორია, თბილისი, 
საქართველო.

მოცემულ შრომაში, ერთი მხრივ, განისაზღვრა 
კონდენსირებული „დაბერებული“ ქრომატინის 
ეპიგენეტიკური მოდიფიკაცია, მეორე მხრივ, 
პეპტიდური ბიორეგულატორების (Ala-Glu-Asp-Gly-
ეპიტალონი; Lys-Glu-Asp- Ala–ლივაგენი; Ala-Glu-
Asp-Pro–კორტაგენი და  Lys-Glu–ვილონი) გავლენა 
კონდენსირებულ ქრომატინზე ხანდაზმულ  ინდივიდთა 
ლიმფოციტებში. გამოყენებული იყო მოლეკულურ-
ციტოგენეტიკური მეთოდები: დიფერენცირებული 
მასკანირებელი კალორიმეტრია; რიბოსომული გენების 
აქტივობის განსაზღვრა აკროცენტრულ ქრომოსომებზე 
- ბმრ; სტრუქტურული პერიცენტრომერული 
С-ჰეტეროქრომატინის პოლიმორფიზმისა და  
ფაკულტატური ჰეტეროქრომატინის ვარიაბელობის 
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(შქგ) განსაზღვრა 75-88 წლის ინდივიდთა ლიმფოციტურ 
კულტურებში. შედეგების ანალიზმა აჩვენა, რომ 
დაბერებისას ხდება ქრომოსომათა პროგრესირებადი 
ჰეტეროქრომატინიზაცია (ეუ- და ჰეტეროქრომატული 
უბნების კონდენსაცია).  ეპიგენეტიკურმა პროცესმა 
- ჰეტეროქრომატინიზაციამ, შეიძლება გამოიწვიოს 
მრავალი ადრე ფუნქციონირებადი გენების ინაქტივაცია. 
ეს ახდენს  უჯრედებში მიმდინარე გარკვეული 
მეტაბოლური პროცესების  ბლოკირებას, რაც თრგუნავს 
მრავალ სპეციფიკურ ფერმენტს და იწვევს სიბერის 
პათოლოგიების განვითარებას. 

ჩვენს მიერ ნაჩვენებია, რომ: პეპტიდური 
ბიორეგულატორები იწვევენ ტოტალური 
ქრომატინის გაშლას, დეჰეტეროქრომატინიზაციას; 
აკროცენტრული ქრომოსომების თანამგზავრული 
ძაფების დეჰეტეროქრომატინიზაციას და, 
შესაბამისად, რიბოსომული გენებისა და უჯრედებში 

მიმდინარე სინთეზური პროცესების აქტივაციას; 
არ იწვევენ პერიცენტრომერული სტრუქტურული 
ჰეტეროქრომატინის დეჰეტეროქრომატინიზაციას. 
მიღებული მონაცემები მიუთითებენ, აგრეთვე, 
რომ თითოეული შესწავლილი პეპტიდური 
ბიორეგულატორი (Ala-Glu-Asp-Gly, Lys-Glu-Asp-Ala, 
Ala-Glu-Asp-Pro და Lys-Glu) შერჩევითად მოქმედებს 
ქრომოსომათა განსაზღვრულ უბნებზე. 

ამრიგად, მოკლე პეპტიდური ბიორეგულატორები 
ახდენენ ქრომოსომათა მონაკვეთების 
სპეციფიკურ ჰეტეროქრომატინიზაციასა და 
დეჰეტეროქრომატინიზაციას  75-88 წლის ინდივიდებში, 
რაც ახალ შესაძლებლობებს სახავს სიბერის დაავადებათა 
მკურნალობისათვის.

საკვანძო სიტყვები: ჰეტეროქრომატინი, 
ბიორეგულატორი, დაბერება.
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