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1t is known that moving volutin granules (“dancing bodies ), mechanism of which occurrence remains
poorly understood, can be observed in yeast vacuoles. This study was performed to reveal the presence of a
connection between moving volutin granules of Saccharomyces cerevisiae and polyphosphate metabolism
in conditions of phosphoric starvation and hypercompensation. Methods. Cytological, biochemical,
statistical methods were used in the study. Results. It was observed that the inactivation of the PPN1 gene,
which encodes exopolyphosphatase Ppnl, resulted in a change in the number of cells with moving volutin
granules (“dancing bodies” index) in the studied conditions. The index of “dancing bodies” was almost
always lower in mutant CRN strain than in parent CRY strain. Using linear correlation analysis and factor
analysis with the method of principal component, it was established that the “dancing bodies” index in
both strains had significant correlation coefficients with exopolyphosphatase activity (EPPA) and the
content of polyphosphate fractions (polyP). The difference was that this index in parent strain correlated
better with the first three fractions of inorganic polyphosphates, while in mutant strain — with polyP4 and
EPPA. Conclusions. Obtained data indicated the direct connection of motion of volutin granules with
phosphoric metabolism in the studied conditions. It is assumed that the phenomenon of “dancing bodies”

may be a consequence of the activity of vacuolar polyphosphatases.
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Volutin granules (Babes-Ernst bodies, meta-
chromatic or polyphosphate granules) are an
accumulation of inorganic polyphosphates in a
complex with metal cations, proteins, and, possibly,
other organic compounds [1]. They are observed
as electron-dense bodies in transmission electron
microscopy [1, 2], give a positive metachromatic
reaction in staining thiazine dyes [1-3], have
stable bright yellow-green fluorescence in the
case of 4,6’-diamidino-2-phenylindole (DAPI)
using [1, 2, 4]. Also, they are inherent in an active
motion in vacuoles of yeast cells, which is known
as “dancing bodies” in the literature [5-10]. It
is believed that the moving of volutin granules
have Brownian nature [4, 8, 10]. However, there
is indirect evidence that “dancing bodies” may
be a consequence of active biologic processes
[7, 11-16]. Moving volutin granules were observed
in aging cells culture [7, 11]. “Dancing bodies”
appeared in a significant number of yeast cells
under sublethal doses of occidiofungin, which
is an antibiotic resulting in apoptosis [12]. Their
motion stopped at the moment of the termination
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of mitochondrial activity during the development
of spontaneous apoptosis [13]. We had noted that
maximal motility of volutin granules was observed
in the optimal temperature and pH of the medium
conditions for yeast growth. It was also found that
electromagnetic radiation of radiofrequency range
(40.68 MHz, 30 W, 30 min) reduced dramatically
the percentage of cells with “dancing bodies™ [14].
It was shown that the phenomenon of motility of
volutin granules was rhythmic in nature. This
rhythm was similar in S. cerevisiae UCM Y-517
and CRY strains, which were without defects in
phosphorus metabolism. At the same time, the
rhythm of S. cerevisiae CNX strain, which was
defective in exopolyphosphatases Ppx1 and Ppnl,
somewhat differed from the parental S. cerevisiae
CRY strain. The rhythm of the “dancing bodies”
index was also observed as a coincidence with
the rhythm of galactic cosmic rays in about
9 days [15]. The possible participation of
exopolyphosphatase activity in the motility of
volutin granules was evidenced by a positive
correlation between these indexes obtained with
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different stress effects on cells [16].

Considering the above-mentioned facts,
the purpose of this work was to establish the
presence of a relation between the motility of
volutin granules of Saccharomyces cerevisiae and
polyphosphate metabolism under conditions of
phosphorus starvation and hypercompensation.

Materials and methods. In this work, we used
strains of the yeast S. cerevisiae, which were kindly
provided by the researchers of Skryabin Institute of
Biochemistry and Physiology of Microorganisms
of RAS: CRN is a mutant strain for the PPN/ gene:
unable to synthesize exopolyphosphatase Ppnl and
has the genotype MATa ade2 his3 ura3 ppnlD [17];
CRY is its parental strain, which has the genotype
MATa his3 ura3 leu2 trpl ade? [18].

Yeast strains were cultivated in 200 mL of the
nutrient medium under thermostatic conditions
(28 °C) with constant stirring (257 rpm) in 750 mL
flasks for 24 h. The cultures were initially grown on
a complete Reeder medium (g/L: (NH,),SO, — 3;
MgSO, - 0.7; NaCl - 0.5; KH,PO, - 1; K HPO, —
0.1; yeast extract — 2; glucose — 10). After that,
the cells were transferred to Reeder medium wi-
thout phosphorus (g/L: (NH,),SO, — 3; MgSO, -
0.7; NaCl — 0.5; glucose — 10). After starvation
of phosphorus, the yeast was again placed on
a complete Reeder nutrient medium. The cells
were previously sedimented by centrifugation at
2000 rpm for 2 min before each transfer to a fresh
medium. The sediment was washed twice with
distilled water. Samples at each stage of cultivation
were analyzed after 4, 8, 18, and 24 h.

The number of cells with moving volutin
granules (“dancing bodies” index) was counted
using fluorescence microscopy (Ulab LW300TF
microscope, Ulab, China) and the vital fluorescent
dye DAPI (Sigma, USA) at a final concentration
of 5 mg/L [4]. We took into account the cells that
contained both moving and unmoving volutin
granules, which were characterized by stable bright
yellow fluorescence. “Dancing bodies” index was
expressed as a percentage of the total number of
cells with volutin granules in the population.

Exopolyphosphatase activity (EPPA) was de-
termined by the formation of the amount of or-
thophosphoric acid. The reaction mixture from
calculation per 1 mL contained 100 pL of cell
homogenate and 900 pL of aqueous 50 mM Tris-
HCI buffer (pH 7.2) with 2.5 mM MgSO, and
50 uM inorganic polyphosphate with an average
chain length of 200 phosphate residues. The
reaction mixture was incubated for 30 min at
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28 °C. The unit of activity (U) was the amount of
the enzyme that forms 1 pmol of orthophosphoric
acid in 1 min [19].

Five fractions of inorganic polyphosphates were
extracted stepwise from 100 mg of crude biomass
according to the method of Liss and Langen [20]
modified by Kulaev et al. [21]. This method allows
to obtain five fractions of inorganic polyphosphates
from yeast cells: acid-soluble (polyP1, extraction
with 0.5 N HCIO, at 0 °C), salt-soluble (polyP2,
extraction with saturated NaClO, solution at 0°C),
soluble in a weak alkali (polyP3, extraction with
NaOH solution, pH 9-10, at 0 °C), soluble in a
strong alkali (polyP4, extraction with 0.05 N NaOH
at 0 °C) and hot perchloric acid extract (polyP5,
the polyphosphate content was determined from the
amount of Pi released after the residual biomass was
treated with 0.5N HCIO, at 90 °C for 20 min). The
obtained extracts of polyphosphate fractions were
brought to an equal volume with distilled water.
The first four fractions of inorganic polyphosphates
were hydrolyzed in 1 M HCl at 100 °C for 15 min
(hydrolysis of the fifth polyphosphate fraction was
already carried out during its extraction). The unit
of the amount of the polyphosphate fraction in the
cells was accepted as the amount of the formed
orthophosphate per 1 mg of the protein obtained
from the initial biomass.

The amount of orthophosphate was determined
colorimetrically using a photoelectric colorimeter at
a wavelength of 750 nm and a cuvette with 0.5 cm
optical path length, as well as a calibration graph.
Reagent A (an aqueous solution of 2 % sulfuric
acid containing 0.5 % ammonium molybdate and
0.5 % sodium dodecyl sulfate) and reagent B (10 %
aqueous solution of ascorbic acid) were used for the
determination of orthophosphoric acid in a sample.
Reagents A and B were mixed in a ratio of 100:1,
respectively. The resulting mixture was added to
the samples in a ratio of 2:1 (reagent AB:sample)
and incubated for 10 min at 28 °C [1].

Protein concentration was determined by the
Bradford protein assay [22]. Bovine serum albumin
was the standard.

The data obtained were statistically processed
using the software Statistica 10 (StatSoft Inc., 2011)
by linear correlation analysis with p < 0.05 and
factor analysis by the principal component method
with a significant load of Pearson’s coefficient
R=>0.7.

Results. According to the literature [17, 19, 23],
strains with an inactivated PPN gene earlier reach

the stationary stage of growth (approx. 16—-18 h of
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cultivation) compared to the parent strain (approx.
20-22 h of cultivation). Therefore, in our studies,
24 h of cultivation for the parental CRY strain and
the mutant CRN strain were the beginning and
middle of the stationary growth stage, respectively.

It was shown that the number of cells with
moving volutin granules under the studied
conditions differed in both strains. “Dancing
bodies” index of the mutant CRN strain, in
which gene encoding exopolyphosphatase Ppnl
is inactivated, was almost always lower than in
the parental CRY strain (Fig. 1). There were also
differences in the dynamics of this index in both
strains. Under normal phosphorus supply, the
number of cells with moving volutin granules in
the CRY strain decreased (approx. 2.2 times) in
18 h of growth, after which it increased again. In
the CRN mutant strain, the “dancing bodies” index
rapidly increased in 4 h of growth (approx. 5.3
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times) compared to the initial value, after which
it rapidly decreased (3 times). Subsequently, the
number of cells with moving volutin granules
decreased gradually. During phosphorus starvation
in the CRY strain, the “dancing bodies” index
rapidly decreased (approx. 4.5 times) already
in 8 h of cultivation (Fig. 1). In contrast to the
parental strain, the number of cells with moving
volutin granules in the CRN mutant strain in 8 h of
phosphorus starvation, on the contrary, increased
(approx. 2.4 times) (Fig. 1). Later, the “dancing
bodies” index decreased as in the parental strain.
During phosphorus hypercompensation, both
strains showed a rapid increase in the number
of cells with moving volutin granules in 4 h of
cultivation (Fig. 1). Subsequently, there was a
decrease in the “dancing bodies” index, but at a
different rate for each strain: it was gradual in the
parent, while it was rapid in the mutant.
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Fig. 1. The number of S. cerevisiae cells with moving volutin granules in strains CRY (parental)
and CRN (mutant with inactivated PPNI gene) under conditions of normal cell phosphorus
supply (P+), phosphorus starvation (P-), and hypercompensation (P°+)

It is known that inorganic polyphosphates are the
main component of volutin granules [1]. Few data
indicate that the composition of volutin granules
of different organisms may include polyphosphate
fractions polyP1, polyP2, and polyP3 [3, 24-26]. It
was shown that the dynamics of the total amount
of inorganic polyphosphates under the studied
conditions had the same tendency in both strains
(Fig. 2, 3). The difference was that inactivation
of the PPN1 gene led to a greater increase in the
content (approx. 1.7 times) of these polymers in 8
h of hypercompensation in the mutant CRN strain
than in the parental CRY strain. This is consistent
with the literature data [23]. Significant differences
in the content of polyphosphate fractions of polyP1,
polyP2, and polyP3 (Fig. 2, 3) were observed for
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both strains under the studied conditions. However,
there were also common features in changes in
the number of polyphosphate fractions. During
phosphorus starvation, the amount of polyPl,
polyP2, and polyP3 rapidly decreased in both
strains. The fractions of polyP4 and polyP5 were
practically unchanged, remaining at the same low
level. In 4 hours of hypercompensation, a rapid
accumulation of polyphosphates of the first three
polyphosphate fractions occurred in both the
parental CRY strain and the mutant CRN strain. At
the same time, the amount of polyP4 and polyP5
slightly increased, and in the last polyphosphate
fraction, this occurred in 24 h of cultivation.
Taking into account the noticeable changes in the
studied conditions in the first three polyphosphate
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fractions, the results obtained probably may
indicate that inorganic polyphosphates of volutin

these polymers. In turn, such activity can indirectly
or directly lead to the appearance of “dancing

granules are actively involved in the metabolism of  bodies”.
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Fi g. 2. The content of the total amount of inorganic polyphosphates and their fractions
in S. cerevisiae CRY yeast cells under conditions of normal phosphorus supply (P+),
phosphorus starvation (P-), and hypercompensation (P’+)
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Fi g. 3. The content of the total amount of inorganic polyphosphates and their fractions
in S. cerevisiae CRN yeast cells under conditions of normal phosphorus supply (P+),
phosphorus starvation (P-), and hypercompensation (P’+)

Considering the significant contribution
of exopolyphosphatases in the metabolism of
inorganic polyphosphates of the yeast S. cerevisiae
[1, 27] and their probable participation in the
motility of volutin granules [16], the change
in the total EPPA was studied. It was found that
the dynamics of total EPPA for both strains were
almost asynchronous (Fig. 4), which is consistent
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with the literature data [27]. It should be noted that
the total EPPA values for both strains under the
studied conditions to some extent corresponded
to the changes in the “dancing bodies” index.
This possibly indicates that exopolyphosphatases
may participate in the motion of volutin granules,
which is consistent with our previous data
[16].
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Using linear correlation analysis, it was found
that the “dancing bodies” index in the parent
strain significantly correlated with the total EPPA
and the content of polyphosphate fractions of
polyP1, polyP2, and polyP3 (Table 1). This is
consistent with the literature data about these
fractions in volutin granules [3, 24-26]. At the
same time, the number of cells with moving volutin

Table 1

granules in the mutant strain had a significant
connection with total EPPA and PolyP4 (Table 2).
This result may indicate that the inactivation of
the PPNI gene may affect the polyphosphate
composition of volutin granules. This, to some
extent, confirms the participation of phosphorus
metabolism in the phenomenon of “dancing
bodies”.

Correlations between the studied parameters, obtained by linear correlation analysis
(p <0.05), in the S. cerevisiae CRY (parental) strain

DB EPPA PolyP1 PolyP2 PolyP3 PolyP4 PolyP5
DB 1.00 0.58% 0.78% 0.79% 0.76* 0.49 0.49
EPPA 0.58% 1.00 0.47 0.22 0.25 -0.09 0.14
PolyP1 0.78% 0.47 1.00 0.78% 0.57% 0.50 0.39
PolyP2 0.79% 0.22 0.78% 1.00 0.90 0.86* 0.75%
PolyP3 0.76* 0.25 0.57* 0.90% 1.00 0.89% 0.90%
PolyP4 0.49 -0.09 0.50 0.86* 0.89% 1.00 0.89%
PolyP5 0.49 0.14 0.39 0.75% 0.90% 0.89% 1.00

Legend: * — statistically significant correlations at p<0.05, DB — “dancing bodies” index, EPPA — exopolyphosphatase

activity, PolyPn — polyphosphate fraction.

Table 2

Correlations between the studied parameters in S. cerevisiae CRN (4PPN1) strain,
obtained by linear correlation analysis (p < 0.05)

DB EPPA PolyP1 PolyP2 PolyP3 PolyP4 PolyP5
DB 1.00 0.82* 0.44 0.39 0.47 0.59* 0.21
EPPA 0.82* 1.00 0.32 0.33 0.34 0.81* 0.21
PolyP1 0.44 0.32 1.00 0.92% 0.97* 0.49 0.78*
PolyP2 0.39 0.33 0.92* 1.00 0.91* 0.54 0.94*
PolyP3 0.47 0.34 0.97* 0.91* 1.00 0.47 0.79*
PolyP4 0.59* 0.81* 0.49 0.54 0.47 1.00 0.40
PolyP5 0.21 0.21 0.78* 0.94% 0.79*% 0.40 1.00

Legend: * — statistically significant correlations at p < 0.05, DB — “dancing bodies” index, EPPA — exopolyphosphatase

activity, PolyPn — polyphosphate fraction.
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According to the results obtained by factor
analysis with the principal component method, the
most significant correlation coefficients by the main
factor 1 in the parental CRY strain were observed
between the number of cells with moving volutin
granules and all polyphosphate fractions, while
their significant values in the CRN mutant strain
marked between all studied parameters (Table 3).
For the main factor 2, the significant coefficients
in the parental CRY strain were noted between
the “dancing bodies” index, EPPA, polyP4, and

Table 3

polyP5. At the same time, a correlation with
significant coefficients in the CRN mutant strain
was observed between the “dancing bodies” index,
EPPA, and polyP4 (Table 3). Considering the
obtained results of factor analysis, we assume that
the main factor 1 reflects the process of synthesis
of inorganic polyphosphates, while the main factor
2 is their degradation. Thus, both synthesis and
degradation of inorganic polyphosphates may play
a role in the appearance of the phenomenon of
“dancing bodies”.

Correlations between the studied parameters in two S. cerevisiae strains, obtained

by factor analysis with a principal component method

CRY (parental) CRN (APPNI)

Factor 1 Factor 2 Factor 1 Factor 2
DB -0.81% 0.40%* -0.56%* -0.59%*
EPPA -0.33 0.64** -0.53** -0.77*
PolyP1 -0.77* 0.41%* -0.91* 0.21
PolyP2 -0.94* -0.06 -0.93* 0.24
PolyP3 -0.92* -0.19 -0.91* 0.19
PolyP4 -0.83* -0.49%* -0.65%* -0.50**
PolyP5 -0.79* -0.39%* -0.81* 0.34
Prp.Totl*** 0.67 0.15 0.64 0.19

Legend: * — statistically reliable correlations with marked loadings are > 0.7, ** — significant correlations with marked
loadings are < 0.70, *** — the percentage of explained variance, DB — “dancing bodies” index, EPPA — exopolyphosphatase

activity, PolyPn — polyphosphate fraction.

Discussion. In this study, we found a significant
correlation of the “dancing bodies” index with both
changes in the content of inorganic polyphosphates
and EPPA. This is consistent with our previous
results, where a connection was noted between
the motion of volutin granules and phosphorus
metabolism [15, 16].

It is known that the total content of inorganic
polyphosphates and their distribution by fractions
in cells of different organisms can vary greatly
depending on the stage of development [28—
34]. The noticeable quantitative and qualitative
changes of the composition of these polymers
were observed in the tissues of the brain and liver
of embryos, newborns, adult and old rats [28].
The content of inorganic polyphosphates rapidly
decreased during the hatching of gemmules in
the freshwater sponges Ephydatia muelleri, after
which their amount increased to a maximum
value [29]. Long-chain inorganic polyphosphates
were found in plasmodia and cysts of the slime
mold Physarum polycephalum, while during
sporulation they were degraded into short-chain
polymers [30]. During embryogenesis in the
eggs of the bug Rhodnius prolixus, the content of
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inorganic polyphosphates decreased and reached
minimum value in the hatching of the larva [31].
Rapid decrease in the amount of these polymers
was observed under normal phosphorus supply
of S. cerevisiae cells during the depletion of
glucose in the medium, after which their amount
at the stationary stage was again restored to the
level that was in the culture at the beginning
of growth. The changes in the content for each
fraction of inorganic polyphosphates under these
conditions were also observed [32]. The amount
of these polymers reached a minimum during
phosphorus starvation in S. cerevisiae yeast cells,
while there was a rapid accumulation of inorganic
polyphosphates during several hours of cultivation
under hypercompensation [33—34]. These literature
data are to some extent consistent with our results.
Probably, a change in the number of cells with
moving volutin granules in the yeast population
can be associated with the fluctuation of the content
of some fraction of inorganic polyphosphates.
Previously, we observed a significant correlation of
the “dancing bodies” index with the polyphosphate
fraction of polyP1 under various stresses [16]. In
this study, a linear correlation analysis showed the
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presence of a connection between the amount of
cells with moving volutin granules with the first
three polyphosphate fractions in the parental CRY
strain, which is consistent with literature data
[3, 24-26]. At the same time, such correlation in
the CRN mutant strain was observed only with
polyP4. Perhaps this is due to a significant shift
in polyphosphate metabolism upon inactivation of
the PPN gene, in particular, the chain lengthening
of inorganic polyphosphates [23]. We observed
the same differences in the rhythm of motion of
volutin granules in the mutant CNX strain, in which
the PPX1 and PPNI genes were inactivated, as
compared with strains that did not have changes in
phosphorus metabolism [15]. Factor analysis in this
study showed the presence of a connection for the
main factor 1 with all polyphosphate fractions in
both the parental CRY strain and the mutant CRN
strain. It follows from this that any changes in the
processes of synthesis and degradation of inorganic
polyphosphates should directly or indirectly lead to
the appearance of “dancing bodies”. This confirms
our early conclusions that the motion of volutin
granules due to biological processes and associated
with phosphorus metabolism [14, 16].

The revealed significant correlation of the
“dancing bodies” index with EPPA probably
indicates that exopolyphosphatases substantially
contribute to the motility of volutin granules. This
assumption is supported by the lower “dancing
bodies” index in most cases in the mutant CRN
strain, noted both in the previous [16] and in this
study. Also, as mentioned above, the rhythm of
motility of volutin granules of the mutant strain
differs significantly from the rhythm of strains
in which the entire set of exopolyphosphatases
is retained [15]. It is known that a number of
enzymes are involved in the polyphosphate meta-
bolism of S. cerevisiae: polyphosphate synthase
complex Vtc [35], exopolyphosphatase Ppxl
[18], exopolyphosphatase Ppnl with endo-
polyphosphatase activity [17], endopolyphos-
phatase Ppn2 [36], inositol pyrophosphate phos-
phatase Ddpl with exopolyphosphatase activity
[37] and unidentified vacuolar exopolyphospha-
tase [38]. The Vtc complex is located on the
vacuolar membrane and synthesizes inorganic
polyphosphates into the vacuole lumen [39]
and consists of five subunits: Vtc4 (catalytic),
Vtcl, Vtc2, Vtc3 (structural) [35], and Vtc5
(subsidiary) [40]. Ppx1 is a constitutive enzyme
that prefers to hydrolyze short-chain inorganic
polyphosphates and is localized in the cytosol,
cell wall, and mitochondrial matrix [27]. Ppnl
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is an inducible enzyme that is located in the
cytosol, nuclei, mitochondrial membranes, and
vacuoles. It hydrolyzes mainly high molecular
weight inorganic polyphosphates and has exo-
and endopolyphosphatase catalytic centers [27].
Ppn2 is an endopolyphosphatase localized on
the vacuolar membrane [36]. Ddpl localized in
the cytosol and nucleus plays an important role
in the metabolism of inositol pyrophosphates
and can hydrolyze inorganic polyphosphates
in vitro [37]. An unidentified vacuolar exopo-
lyphosphatase was found in a mutant S. cere-
visiae CNX strain with inactivated PPXI and
PPNI genes encoding the corresponding poly-
phosphatases [27, 38]. Considering the loca-
lization of “dancing bodies” in vacuoles, their
appearance may participate in polyphosphate
synthase complex Vtc, exopolyphosphatase
Ppnl with endopolyphosphatase activity, en-
dopolyphosphatase Ppn2, and unidentified
vacuolar exopolyphosphatase. We assume that
exopolyphosphatase Ppnl with endopolyphos-
phatase activity is one of the key enzymes that
influence the motility of volutin granules. It is
known that it contributes approximately 70% of the
total vacuolar EPPA in the yeast S. cerevisiae [27].
This can explain the low “dancing bodies” index in
most cases in the CRN mutant strain, which lacks
this exopolyphosphatase. Additional evidence of
the contribution of exopolyphosphatases to the
motility of volutin granules may be an increase in
the number of cells with “dancing bodies” during
apoptosis [12, 13]. It is known that the induction of
apoptosis in the human leukemic cell line HL60 by
actinomycin D led to the degradation of long-chain
inorganic polyphosphates, caused by an increase of
EPPA [28]. Probably, the enzymes of polyphosphate
metabolism, in particular exopolyphosphatase, are
also activated in yeast vacuoles during the process
of programmed cell death.

Earlier, we put forward a hypothesis about the
connection of the appearance of “dancing bodies”
with the activity of vacuolar exopolyphosphatases
[16]. According to our hypothesis, the motility of
volutin granules may be a by-product of inorganic
polyphosphate cleavage by vacuolar exo- and/or
endopolyphosphatases, since there is no data on
how exactly the released energy is used during
hydrolysis of the high-energy phosphoanhydride
bond of these polymers in yeast vacuoles. Perhaps
part of this energy dissipates in the form of heat,
which is accompanied by the formation of local
convection flows, which lead to the movement of
the volutin granule.
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Thus, the mobility of volutin granules responds
to the changes in polyphosphate metabolism under
conditions of normal phosphorus supply of cells,
phosphorus starvation, and hypercompensation.
Inactivation of the PPNI gene, which encodes the
polyphosphatase Ppnl, leads to a decrease in the
“dancing bodies” index. The obtained data indicate
a direct connection between the mobility of volutin
granules with phosphorus metabolism. However,
the determination of the exact cause of “dancing
bodies” appearance phenomenon requires further
research.

BIIJIUB ®OCP®OPHOI'O METABO-
JI3MY HA PYXJIUBICTDb BOJIOTU-
HOBUX I'PAHYJ SACCHAROMYCES

CEREVISIAE
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ITncmumym mikpooionoeii i éipyconoeii
im. /I.K. 3abonomnoco HAH Yxpainu,
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Kuis, 03143, Vkpaina

Peswome

Binomo, 1o y BakyoJsix APiIKIiB MOXYTh CITO-
cTepiratucs pyXxJuBi BOMOTHHOBI rpanyiu (“dancing
bodies”), MexaHi3M BUHHKHEHHS SIKMX JOHHUHI 3a-
JIMIIAEThC MaliogociimkxenuMm. Mera. Busasuru
HasBHICTH 3B 513Ky MK PYXJIHBICTIO BOJIOTHHOBHUX
rpanyn Saccharomyces cerevisiae i MeTabo0Ii3MOM
noJipocdari B yMoBax (hocpOpHOTo rooIyBaHHs 1
rimepkoMnencariii. Meromu. Y poOOTi BUKOPHUCTOBY-
BaJTM [IUTOJIOT1YHI, O10XIMIYHI Ta CTATUCTUYHI METOIN
nocnimpkeHHs. Pesyabraru. [lokasano, o KinbKicTh
KIITHH 3 PYXJHUBHMHU BOJIIOTUHOBHUMH TpaHyJIaMU
(mokazHuk “dancing bodies”) B yMoBax HOpMaJbHO-
ro 3abesmnedeHHs pochopoM KITHH, PochOpHOTO
TOJIOMYBaHHS 1 TimepKoMIieHcallii y 6aTbKiBChKOTO 1
MyTanTHoro (APPNI) mramiB BinpizHsinacs. [Hak-
TuBalis reHa PPN, sixuii koaye ex3omnomnidocdara-
3y Ppnl, npusBoauia 10 3MiHM MOKa3HUKY “‘dancing
bodies” B mociipKyBaHUX yMOBaX. ¥ MyTaHTHOTO
mramy CRN KiJgbKiCTh KIITHH 3 PYXJIHUBHUMH BOJO-
TUHOBUMH TPaHYJIaMH Maike 3aBKAn Oylia HUKIOI0,
HiX y OarbkiBcbkoro mramy CRY. 3miHa 3aranbHOT
KUIBKOCTI HeopraHiyHuX mnomidoc¢aTiB B ymoBax
HOpMaJbHOTO 3abe3medeHHs (GochopoM KIiTHH,
(dbocdopHOro TOMOYBaHHS 1 TiepKoMIIeH Al Maja
OJTHAKOBY TEHJICHIIIO JUTIsI 000X mTamiB. BiqMiHHOO
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pucoro Oyio Te, 110 iHaKTuBalis rena PPN npu3Bo-
JUiIa 10 OLTBIIOr0 HAKOMMYEHHS LIUX MOTIMEPIB y My-
tanTHOTO mTaMmy CRN, HiXX y 0aTbKiBCBKOTO IITaMy
CRY. V 00o0x mTamiB BiMi4aliach CyTTEBA PI3HUIISA
y npodini momiocharanx dpakiii 1,2 13 (momd1,
nomid2 1 momid3 BiamoriaHo). OnHaK Oy 1 3araib-
Hi pycH B AMHAMILi BMICTY (hpakiiil ux mosimepis.
CyrTeBux BigmiHHOCTeH y (pakuisx 4 1 5 (monid4 i
nonid5 BiAMNOBIHO) HE CIIOCTEPIrayocs sIK y MyTaHT-
HOTO, TaK i y 0aThKiBCHKOTO IITaMiB. BcTaHOBIIEHO,
0 B YMOBaX HOPMalIbHOTO 3a0e3rnedeHHs Gocdo-
POM KJIITHH, (OCPOPHOTO TONOAYBAHHS 1 TIEPKOM-
neHcanii JuHaMika 3arajbHoi ek3omomidocdara3Hoi
aktuBHOCTI (EII®A) st 000X mramiB BUsBUIACS
Mali)ke aCHHXPOHHOI0. BigmideHo, 1m0 MOKa3HUKH
EII®DA B geskiit Mipi Maau BiJIMOBIIHICTh JIO 3MiHA
nokasHuka “dancing bodies” sik s 6aThKIBCHKOTO
mramy CRY, Tak i st myraatHoro mramy CRN. 3a
JIOTIOMOTOFO JIIHIHHOTO KOPEJSIIIIHOTO anaizy Oyino
BCTAHOBJICHO, I10 KiNBKICTh KIIITUH 3 PYXJIHUBUMU
BOJIIOTHHOBUMH TPaHylTaMH y 0aTbKiBCHKOTO IITAMy
CRY noctoBipHO KopentoBana 3 EIIDA i BmicTom
nomid1, momid2 i monid3. B Toit ke yac y MmyTaHT-
aoro mramy CRN mokasuuk “dancing bodies” maB
nocToBipHUH 3B 5130k 3 ETIDA 1 BmicToM monid®4. 3a
pesynbTaramu (PaKTOPHOTO aHaJi3y 3a METOJIOM IOJI0-
BHUX (hakTOpiB y 6aTbkiBchKor0 mramy CRY 3a romo-
BHUM (akTopoM | HalOUIBII 3HauUyMIli KoedimieHTn
KOPEJISAIIT CIocTepiragucs Mk KiJIbKICTIO KIIITHH 3
PYXJIUBHMH BONIOTHHOBHUMH TPaHyJIaMH 1 BCiMa TO-
midocharaumu Gpakuismu. B Toil ke yac y MmyTaHT-
Horo mtamy CRN Bigmivanucs 3Ha4yIIa KOpessiis
MDX yciMa JTOCTiKyBaHUMH ITOKa3HUKaMH. 3a roJo-
BHUM (akTopoMm 2 y OarbkiBchkoro mramy CRY 3Ha-
gymii koedinieHTH OyJu M MmokazHukamu “‘dancing
bodies”, ETI®A, smictom nonid4 i momid5. V my-
tanTHOro mramy CRN kopensdwis 31 3HaYyIIUMH KO-
edilieHTaMu criocrepiraigacs MiX KiJIbKICTIO KIIITHH
3 PyXJIHBHMH BOJIOTHHOBMMH rpanyiamu, EITDA i
noni®4. BucHoBku. OTpuMaHi JIaHi CBiAYaTh PO
TPSIMUH 3B’S30K PYXJIHUBOCTI BOMIOTHHOBHX TPAHYII 3
(dochopHUM METabOI3MOM B JIOCIIKYBAHUX YMO-
Bax. I[lpunyckaerscs, mo asuine “dancing bodies”
MoOe OyTH HACIiIKOM aKTUBHOCTI BaKyOJISIPHUX TIO-
midocdaras.

Krouosi crosa: npixInki, Heoprauivsi nomdoc-

¢aru, exzonomdocdarasu, “dancing bodies”, Boiro-
THUHOBI FPaHyIIH.
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