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Parental dietary nutrients epigenetically influence offspring metabolism. Our analysis revealed un-
foreseen patterns in how enzymes of the main metabolic pathways respond to protein content in the diet. We
reared parental flies Drosophila melanogaster on four types of diet with different dry yeast concentrations
ranging from 0.25% to 15%. The subsequent generation was fed by the same diet, so the only variable in the
experiments was the yeast concentration in the parental diet. We showed that protein restriction in the paren-
tal diet led to higher lactate dehydrogenase (LDH) activity in parents, and this effect was inherited in their
progeny. The transgenerational effect of parental dietary yeast on malate dehydrogenase (MDH) activity was
found only in males. An elevated level of dietary yeast was sufficient to enhance alanine transaminase ( ALT)
and aspartate transaminase (AST) activity in parents, however, did not affect ALT activity and decreased
AST in their offspring. A low yeast parental diet was shown to cause higher urea content in FI males. It is
concluded that parental dietary yeast plays a critical role in metabolic health that can be inherited through

generation.
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utrition is one of the main factors influen-

N cing the lifespan, reproduction, metabo-
lism, and survival of living organisms [1-3].
Considerable interest devoted to the effects of a sin-
gle macronutrient such as proteins and carbohydrates
on phenotypic traits of the organism [4]. Drosophila
melanogaster has been successfully used as a model
organism to study the effects of diet or certain sub-
stances on organismal health. A high degree of simi-
larity of energy homeostasis, metabolic and signa-
ling pathways of transduction in Drosophila and
mammals, makes fruit fly an accessible model ob-
ject to study the mechanisms underlying metabolic
and transgenerational effects [5]. Our previous study
showed that parental dietary protein-to-carbohydrate
ratio (P:C) influences lifespan, physiological traits,
and metabolism of not only parental flies but in their

offspring [6]. Moreover, we demonstrated life span
and metabolism, are affected by dietary sucrose
content [3]. We also previously studied that variable
dietary protein content in the diet of parental gene-
ration affects antioxidant capacity in adult offspring
Drosophila.

Nutrition and various dietary components can
affect the change in gene expression pattern, without
changing the DNA sequence, and may be inherited
through generations [7]. Lack of nutrients in seve-
ral critical stages of development, both in utero and
in childhood, is associated with the development
of metabolic and cardiovascular diseases in adult-
hood. Thus, calorie restriction and a low-protein
diet during fetal development in rodents can affect
the metabolic status of offspring [8]. This is because
proteins are not only important structural materials
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for the body but are also involved in enzymatic re-
actions and are responsible for the transmission of
cellular signals [9].

Dietary components mediate effects on
physiological and metabolic traits via intracellular
signaling pathways. Regulatory pathways, such as
insulin/IGF and target rapamycin signaling pathway
(TOR) signaling, are highly conserved and provide
significant control over metabolism, including lipid
and glucose homeostasis. TOR may be activated by
single amino acid [10, 11]. It can provide a causal ex-
planation of recent data evidencing that reduction in
the proportion of protein in the diet, rather than DR
per se, could promote longevity in various animal
models [12, 13]. TOR signaling pathway responds
not only to the nutrient concentration but also to
the nutrient proportion [14]. In contrast to previous
studies in Drosophila, recent results conclude that
both carbohydrates and protein have measurable ef-
fects. For example, in Drosophila, the effect of yeast
in the diet on lifespan depends on target TOR [15].

We have previously shown, that physiological
traits and metabolism were affected by the dietary
protein-to-carbohydrate ratio (P:C) of the prior adult
generation [6]. However, the molecular mechanisms
of the transgenerational impact of parental dietary
conditions on offspring metabolic programming re-
main still unclear. We hypothesized, that metabolic
alterations in the offspring caused by changes in
parental dietary conditions are associated with in-
herited changes in metabolic enzyme activities. To
address these questions, we reared parental flies on
diets supplemented with different yeast concentra-
tions (a main source of protein), but all offspring be-
ing placed on standard food. We found, that yeast
concentration in the parental diet influences MDH,
LDH, AST, ALT activity and urea content in parents
and offspring Drosophila. Our data showed that the
low content of yeast in the parental diet caused the
higher activity of LDH and urea content, but lower
MDH activity of parental group both sexes. In-
creased AST and ALT activities are associated with
increased yeast content in the experimental media.
We have also demonstrated, that the low content of
yeast in the parental diet influence higher MDH,
LDH, AST and urea content in the progeny.

Materials and Methods

Insects, maintaining and conditions. We used
Canton S (D. melanogaster Meigen) flies which
were received from the Bloomington Stock Center
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(Indiana University, USA). Flies were grown on the
medium that consists of 4% of sucrose, 4% of dry
yeast, 1.2% of agar and 0.18% nipagin as an anti-
fungal agent. Flies were reared at 25°C and relative
humidity of 60-70% on a 12 h day/night cycle [16].
Parental male and female flies were housed together
for five days. Then, flies of parental generation were
separated by sex and placed separately at standard
densities of 200 flies per 1.5 L demographic cage
with the attached 25 ml plastic vial filled by the 5 ml
of experimental food. Media were composed of 4%
of sucrose and dry yeast concentrations 0.25, 4, 10,
and 15%; 1.2% of agar, 0.18% of nipagin. We have
previously shown that the median lifespan of flies
is 40-50 days [6]. On the 24™ day of the experiment
that referred to as the middle of their life, flies of
the parental generation were divided into two co-
horts. The first cohort of parental flies was combined
for mating and egg-laying (Fig. 1). Thirty parental
flies were frozen in liquid nitrogen for biochemical
measurements.

Offspring larvae from all experimental groups
were allowed to develop on the same regular food.
The day after eclosion, offspring flies were trans-
ferred and held for an additional 3 days for mating
to provide nutrient-dependent plasticity in females
Drosophila [17]. The three-day-old offspring were
frozen in liquid nitrogen for biochemical measure-
ments.

For biochemical measurements, pre-weighted
flies of both generations were homogenized in
10 mM of ice-cold sodium phosphate buffer (pH 7.4)
(ratio 1:10) with further centrifugation (16000 g,
15 min, 4°C). Received supernatants were used to
measure investigated biochemical parameters [3].

Determination of enzymatic activities. Activi-
ties of malate dehydrogenase (MDH, EC 1.1.1.37),
lactate dehydrogenase (LDH, EC 1.1.1.27), ala-
nine transaminase (ALT, EC 2.6.1.2), and aspartate
transaminase (AST, EC 2.6.1.1) were determined
by assaying the rate of NADH oxidation, which
is proportional to the reduction in absorbance at
340 nm over time [3, 18]. The ALT and AST activi-
ties were determined by using the commercial diag-
nostic kits (PZ Cormay S.A., Poland). Activity all
of the enzymes measured spectrophotometrically on
Specol 211 (Jena, Germany) at 340 nm and calcu-
lation was made using an extinction coefficient of
6220 M*-.cm™. The activities of MDH, LDH, ALT
and AST were presented as international units (or
milliunits) per milligram of soluble protein (mU/mg
protein).
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Fig. 1. Experimental design. Metabolic enzymes activity and urea content were investigated in Drosophila
melanogaster of parental and offspring generations when parents were subjected to diets with 4% sucrose (S)
and various dry yeast (Y) concentrations (0.25%, 4%, 10% and 15%)

Total protein assay. The concentration of to-
tal protein was measured according to the Bradford
method [19]. The amount of protein was determined
in supernatants with the dye Coomassie Brilliant
G-250 at 595 nm using bovine serum albumin as a
standard.

Determination of urea. The method for urea
determination was based on the monitoring of con-
centration NADH oxidized by glutamate dehydro-
genase coupled to urease reaction where ammonia
was formed from urea. Urea content was expressed
as nanogram per milligram wet mass (ng/mgwm)
[3, 18]. Change in absorbance was recorded on
Specol 211 (Jena, Germany) at 340 nm and calcu-
lation was made using an extinction coefficient of
6220 M*-cm™. Urea content was expressed as nano-
gram per milligram of wet mass (ng/mg wm).

Statistical analysis and graphical repre-
sentation. Experimental data are presented as
mean + SEM and P < 0.05 is considered as signifi-
cantly different. Statistical analysis was performed
using “Prism” (GraphPad Software, Inc.). Tukey’s
multiply comparison test has been used to compare
enzyme activities and urea concentration. All graphs
were generated in “Graphpad Prism7”.

Results

MDH and LDH activities. Activities of lactate
dehydrogenase (LDH) and malate dehydrogenase
(MDH) depended on the dietary composition in the
adult Drosophila [3]. The yeast content in the diet
significantly affected the activity of LDH in paren-
tal flies of both sexes. We observed ~35% higher
activity of LDH in parental males that consumed the
medium with 0.25% of yeast as compared to all other
groups (Fig. 2, A; P < 0.02). Similarly, LDH activ-
ity was significantly increased by ~ 36% in parental
females which were reared on the medium with 0.25
and 4% of yeast as compared to 10% of yeast (Fig. 2,
B; P < 0.04).

The activity of LDH in the offspring was sig-
nificantly influenced by yeast content in the parental
diet. Higher LDH activity by ~31% was detected in
F1 males generated by parents that consumed media
with 0.25% of yeast as compared to 10% and 15% of
yeast (Fig. 2, A; P <0.004). We also observed high-
er LDH activity by 24% in F1 females, when their
parents consumed media with 0.25 or 4% of yeast as
compared to 15% of yeast (Fig. 2, B; P < 0.04).

MDH activity in parental flies depended on the
yeast concentration in the diet. The activity was sig-
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Fig. 2. LDH activity in males (A) and females (B) offspring and parents, which consumed diets with different
protein concentrations. Results are shown as mean + SEM, n = 3-4. Values were compared by Tukey’s test.
a — indicates the highest mean among all tested groups, b — indicates a significant difference from “a” with
P < 0.05. Bars sharing the same letter are not significantly different according to Tukey's test

nificantly decreased by 22% in the males reared on
the medium with 0.25% of yeast as compared to 4%
of yeast (Fig. 3, A; P = 0.047). Consumption of the
diet with 0.25% of yeast led to ~43% lower MDH
activity in females as compare to all other experi-
mental diets (Fig. 3, B; P < 0.001). Consequently, a
low protein diet caused lower MDH activity.

We found the lower activity of MDH in F1
males by 31%, when their parents consumed the me-
dia with 10 and 15% of yeast as compared to 0.25%
(Fig. 3, A; P < 0.01). However, MDH activity in F1
females was not affected by parental diet.

ALT and AST activities. The activity of alanine
and aspartate aminotransferases is dependent on
the presence of nitrogen and carbon sources in the
diet of D. melanogaster [3, 20]. The yeast content
of the diet significantly affected the activity of ALT
and AST in parental flies of both sexes. We observed
33% higher ALT activity in males which consumed
medium with 15% of yeast as compared to 0.25%
and 4% of yeast (Fig. 4, A; P <0.03). Similarly, AST
activity in males of parental generation increased in
the order: 0.25% < 4% < 15% (Fig. 5, A; P <0.0006).
We observed 23% higher ALT activity in females
fed medium with 10 or 15% of dry yeast as com-
pared to 0.25 and 4% of yeast (Fig. 4, B; P < 0.05).
AST activity was significantly increased by 19% in
females, which were reared on the medium with 15%
of yeast as compared to 0.25% of yeast (Fig. 5, B;
P = 0.014). Consequently, increased AST and ALT
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activities are associated with higher yeast content in
the experimental media.

We found that parental dietary yeast affects
AST activity in progeny flies of both sexes. The ac-
tivity of AST was 26% higher in F1 males generated
by parents fed medium with 0.25% of yeast as com-
pared to 10 or 15% of yeast (Fig. 5, A; P < 0.008).
F1 females generated by parents reared on the diet
with 0.25% of yeast displayed significantly higher
AST activity by 19% as compared to 15% (Fig. 5, B;
P =0.049). Parental dietary protein had no impact on
ALT activity in the progeny of both sexes.

Urea content. Urea is a product of the catabo-
lism of proteins and nitrogenous bases. Nutrition
can directly affect the level of urea in the Drosoph-
ila body [3]. Urea concentration in females of the
parental group depended on yeast concentration in
the diet. Female flies, which consumed 4% of yeast
had lower urea content by 30% as compared to those
fed other diets (Fig. 6, B; P < 0.05). Urea concentra-
tion in males of parental generation was not affected
by protein content in the diet. However, urea con-
tent in progeny males was significantly influenced
by protein content in the parental diet. F1 males
generated by parents reared on the medium with
0.25% of yeast displayed a 23% higher concentra-
tion of urea as compared to the 15% of yeast (Fig. 6,
A; P = 0.048). Yeast content in parental diet had no
impact on urea content in F1 females.
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Fig. 3. MDH activity in males (A) and females (B) offspring and parents, which consumed diets with different
protein concentrations. Results are presented as mean £ SEM, n = 3-4. Values were compared by Tukey’s test.
a — indicates the highest mean among all tested groups, b — indicates a significant difference from “a” with
P < 0.05. Bars sharing the same letter are not significantly different according to Tukey'’s
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Fig. 4. ALT activity in males (A) and females (B) offspring and parents, which consumed diets with different
protein concentrations. Results are presented as mean £ SEM, n =3-4. Values were compared by Tukey’s test.
a — indicates the highest mean among all tested groups, b — indicates a significant difference from “a” with
P < 0.05, ¢ — indicates a significant difference from “a” and “b” with P < 0.05. Bars sharing the same letter
are not significantly different according to Tukey’s test

Discussion crease in P:C ratio that is associated with decreased
carbohydrate content in the parental diet results in
decreased levels of body glucose and trehalose, as
well as the levels of circulating hemolymph glucose
and trehalose in the offspring [6]. We supposed that
changes in metabolite contents in response to the
parental diet that was found in the previous study
may be explained by alteration in enzyme activities
related to the primary metabolic pathways. We also

Numerous studies conducted on insect models
have shown that diet is an important determinant
of the metabolic state over multiple generations [5,
6, 21, 22]. Our previous study showed, that paren-
tal protein : carbohydrates ratio has a strong and
complex impact on the survival, physiological traits
and metabolism of their F1 offspring that are sig-
nificant indicators of Drosophila health [6]. The in-
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Fig. 5. AST activity in males (A) and females (B) offspring and parents, which consumed diets with different
protein concentrations. Results are presented as mean £ SEM, n = 3-4. Values were compared by Tukey’s test.
a — indicates the highest mean among all tested groups; b — indicates a significant difference from “a” with
P < 0.05, ¢ — indicates a significant difference from “a” and “b” with P < 0.05. Bars sharing the same letter
are not significantly different according to Tukey’s test
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Fig. 6. Urea content in males (A) and females (B) offspring and parents, which consumed diets with different
protein concentrations. Results are presented as mean + SEM, n = 3-4. Values were compared by Tukey’s test.
a — indicates the highest mean among all tested groups, b — indicates a significant difference from “a” with

P < 0.05. Bars sharing the same letter are not significantly different according to Tukey’s test

suggested that consumption of the experimental me-
dia composed of sucrose (the source of glucose and
fructose) and various dry yeast (the source of amino
acids, carbohydrates and vitamins) content would
contribute greatly to the course of the metabolism
affecting various steps of carbohydrate and amino
acids metabolism (Fig. 7). Moreover, we previously
demonstrated the impact of variable dietary protein
content in the diet of parental generation on antioxi-
dant capacity in adult offspring Drosophila. Here we
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provided significant evidence of transgenerational
effects in Drosophila which suggests that parental
dietary protein may affect carbohydrate and amino
acids metabolism of both parental and subsequent
generations.

Glycolysis is one of the major pathways of
central metabolism. Lactate dehydrogenase (LDH)
being involved in glycolysis catalyzes the reverse
conversion of pyruvate into lactate with concomitant
interconversion of NADH and NAD* [23] (Fig. 7).
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Fig. 7. Relevant central metabolic pathways. Sucrose in the experimental medium is composed of glucose and
fructose, which converts into glucose. Glycolysis metabolizes glucose to pyruvate, which converts into acetyl
coenzyme A (acetyl-CoA). Since alanine is a glucogenic amino acid it is readily converted by the catalytic
action of alanine transaminase (ALT) to pyruvate. Under anaerobic conditions, cytosolic enzyme lactate
dehydrogenase (LDH) converts pyruvate to lactate. Aspartate transaminase (AST) catalyzes the reversible
transamination of the o-amino group from aspartate to a-ketoglutarate forming oxaloacetate and glutamate.
Malate dehydrogenase (MDH) is an enzyme in the Krebs cycle and catalyzes the reversible conversion of
oxaloacetate to malate. The urea cycle is closely linked to the Krebs cycle and both are largely influenced by
dietary protein content. The diagram was created with the use of BioRender software
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We detected enhanced LDH activity of both sexes
in response to a low-protein parental diet. Moreover,
LDH pattern in response to dietary protein was in-
herited in the offspring. Our previous study showed,
that low sucrose content in the diet led to increased
LDH activity in Drosophila [3]. LDH is not only in-
volved in carbohydrate metabolism but is, therefore,
necessary for Drosophila growth and development
[24]. However, increased LDH activity observed
during aging and Ldh overexpression shortens fly
lifespan [23]. It was previously suggested that inter-
ventions reducing LDH activity could be considered
as a potential remedy to delay aging in flies.

Malate dehydrogenase (MDH) is involved in
the Krebs cycle, catalyzing the reversible conver-
sion of malate to oxaloacetate with the participation
of NAD* (Fig. 7). Cytosolic MDH activity during
Drosophila larval stage has a fixed pattern but may
be modulated by dietary factors. For example, a high
saccharide diet increase MDH activity, while a low
saccharide/high lipid diet caused MDH activity to
significantly decreased [25]. We showed that low ac-
tivity MDH in parental males and females related
to protein restriction in the diet. Our previous study
indicated that high sucrose content in the diet de-
creased the activity of MDH [3]. Interestingly, but
yeast deprivation in the parental diet led to higher
MDH activity in F1 males, however, had no impact
on MDH activity in F1 females. Hence, MDH ac-
tivity patterns can be inherited in a sex-dependent
manner. These differences between males and fe-
males are found since MDH activity is regulated
by both the sesquiterpenoid juvenile hormone (JH),
and the steroid hormone ecdysone [25]. Sex-specific
differences in the dietary-induced inheritance of
metabolism caused by a more extensive biosynthetic
metabolism in females related to the need to pro-
duce eggs [26]. Furthermore, gender differences in
response to dietary nutrients could be caused by dif-
ferences in physiological processes, nutrient demand
and/or sex differences in insulin/IGF-1 signaling
(11S) [27]. Females have higher physiological plas-
ticity than males when consumed a protein-rich diet
[29]. High levels of dietary protein stimulate IIS ac-
tivity in females, however, a diet-induced increase
in I1S activity was not documented [28]. It was also
suggested about the involvement of IIS and TOR
signaling pathways in the regulation of sexually di-
morphic traits including growth, metabolism and be-
havior [29]. We also suggested, that predominance of
the ratio of carbohydrates to protein in the parental
diet caused an increase in energy metabolism in off-
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spring, on the contrary low activity of MDH is as-
sociated with repression of energy metabolism [30].

ALT and AST play an important role in the in-
termediary metabolism of glucose and amino acids
[31]. Both enzymes are susceptible to dietary inter-
ventions. Increased AST activity in Drosophila is as-
sociated with low sucrose concentration in the diet
[3]. High levels of dietary protein induce high AST
and ALT activities in rats [32]. In the present study
higher activity of ALT and AST in parental flies of
both sexes was caused by high yeast concentration
in the diet. However, ALT activity in the progeny
flies was not affected by parental dietary protein.
Interestingly, AST activity in F1 females was higher
when parents were reared on the high-protein me-
dium. Consequently, yeast content in the parental
diet can contribute to amino acid metabolism in the
progeny Drosophila.

Nitrogenous waste such as urea derives from
nitrogen metabolism, protein degradation, and ami-
no acid catabolism. Urea is relatively toxic at high
concentrations. Urea content was not affected in
parental males by the dietary yeast concentration,
however, a protein-restricted diet led to a higher urea
pool in F1 males. Along with the increases in urea,
these data suggest that protein restriction induces a
tangible change in nitrogen/amino acid metabolism
in offspring. High carbohydrate concentration and a
high-fat diet significantly higher enhanced the level
of urea in the body of Drosophila [3, 33].

The exact genetic and mechanistic basis
of dietary-induced inheritance remains unclear.
However, it was suggested that evolutionarily con-
served mechanisms involved in the inheritance of
diet-induced physiological and metabolic changes.
Previous studies discovered epigenetic markers that
alter offspring life-history traits via transcriptional
changes including DNA methylation and histone
modifications [34]. Altered expression of genes par-
ticipating in nutrient-sensing pathways such as insu-
linlike-growth factor (IGF), and TOR (Target of Ra-
pamycin) is often associated with metabolic changes
[35]. Rodent studies hypothesized the involvement
of altered maternal mitochondria in the inheritance
of metabolic traits in the F1 generation [36]. Ad-
ditionally, genomic imprinting is considered as an
epigenetic process that marks chromatin in a sex-
dependent manner [37], and these events can lead to
the sex-specific effects observed in the current study.

Conclusion. Our study indicated that the pa-
rental dietary protein has a strong impact on car-
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bohydrate and amino acids metabolism in flies of
both parental and offspring generations. We suggest
existing adaptogenic mechanisms by which the off-
spring phenotype can adjust to parental environmen-
tal conditions. Dietary protein consumed by parents
can contribute to varying offspring metabolism via
potential epigenetic mechanisms that can modify
offspring nutrient-sensing pathways. This study
highlights the need for further investigations of tar-
get genes for epigenetic modifications in response to
parental rearing diet. In this regard, Drosophila is
an invaluable tool in uncovering the complexity of
transgenerational inheritance.
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BMicT TNOXHWBHUX pEUYOBHH Y XapuoOBOMY
pamioHi OaTbKiB MOYKE CMITeHETUYHO BIUIHBA-
TH Ha MeTabodi3M Ham@ankiB. Pe3ympratn Ha-
IIUX JAOCTIKEHb BUSBUIIN HOBI TCHACHIIT y 3MiHI
AKTHBHOCTI €H3WMIB OCHOBHHX METa0OIIYHUX
IUIAXIB YV BIATIOBIAh HA BMICT MTPOTEiHIB Y paIlioHi.
baTpkiBChKE MMOKOMIHHS Ap030dia YTPUMyBaJId HA
CepeloBUIaX 13 YOTHpMa BapialisiMH KiJTbKOCTI
IpixmkiB y mexax Big 0,25% no 15% Ta cramum
BMICTOM caxapo3H, ajie HacTyITHEe TIOKOJIiHHS Tiepe-
OyBaJjio Ha CEpPENOBHUIII OTHAKOBOTO ckiamy. OTxe,
€JINHOI0 3MIHHOIO CKJIaJIOBOIO B EKCIIEPUMEHTaX
OyJ1a KOHIICHTpAIlisl CYXHUX IPikKIKiB Y CEpEIOBHUIII,
Ha SKOMY YTPHUMyBalu OaTbKiBCHKE TOKOIIHHS.
Mu nokazaiu, o oOMEeXEHHS BMICTY IIPOTEIHIB y
T€TI TPU3BOAMIIO 10 BHUIIOT akTUBHOCTI JIII' y Myx
0aTHKiBCHKOTO TTOKOJIIHHS, a TAKOX TIeH epeKT mpo-
SIBJISIBCS Y 1X HamaAKiB. TpaHcreHepamiitanii ehekT
BMICTY APKIKIB y mi€Ti OaThbKiB Ha aKTHBHICTH

MU BusiBneHudl Tiabku y camiiB. CrOXHWBaHHS
ki 3 BUCOKMM BMICTOM JIPIKJIXKIB MPOSIBUIIOCH BU-
mioro aktuBHiCTIO AJIT y 0arbkiB, OlHaK HE BILIHU-
Bano Ha akTuBHIcTH AJIT y ix HamankiB. HaBith
OisplIe, HAAMIPHE CIIOKUBAaHHS IPIKJIKIB MTPH3BO-
Juio 1o Buioi akTuBHOCTI ACT y 6aThKiB, OTHAK Y
HamaakiB aktuBHiCTs ACT npu npomy Oyna HUXK-
4or0. BUSBIIEHO BUIIMIA BMICT CCUOBHHH Y CaMIIiB
MIEPIIOr0 TOKOJIHHS HAIMIAJKIB, OTPUMAHUX BiJ
0aTbhKiB, SIKI XapuyBaJlUCh CEPEJOBUIIECM i3 HHU3b-
KMM BMICTOM JApiXK/KIB. Haii pesynbratu mpoje-
MOHCTPYBaJIM BHUPIIIAJIBHY POJIb JIPIKIKIB y Xap-
YOBOMY pallioHi 0aThKiB y peryinsuii MmeTadomizmy,
110 MOJKE yCIaJAKOBYBATHCS Yepe3 MOKOIiHHS.

KnroyoBi cnoBa: xapdyBaHHS, Ji€Ta,
MPOTEIHH, IPIKIKI, OATHKH Ta iX HAIIaJKH, OOMIH
PEUOBHH, IJIOZI0BA MYIIIKA.
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