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It 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 Ppn1, 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 

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 Ppn1, 
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 PPN1 gene: 
unable to synthesize exopolyphosphatase Ppn1 and 
has the genotype MATa ade2 his3 ura3 ppn1D [17]; 
CRY is its parental strain, which has the genotype 
MATa his3 ura3 leu2 trp1 ade2 [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: (NH4)2SO4 – 3; 
MgSO4 – 0.7; NaCl – 0.5; KH2PO4 – 1; K2HPO4 –  
0.1; yeast extract – 2; glucose – 10). After that, 
the cells were transferred to Reeder medium wi-
thout phosphorus (g/L: (NH4)2SO4 – 3; MgSO4 –  
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  - 
ter mined by the formation of the amount of or-
tho phosphoric acid. The reaction mixture from 
calculation per 1 mL contained 100 μL of cell 
homogenate and 900 μL of aqueous 50 mM Tris-
HCl buffer (pH 7.2) with 2.5 mM MgSO4 and  
50 μM inorganic polyphosphate with an average 
chain length of 200 phosphate residues. The 
reaction mixture was incubated for 30 min at  

28 °C. The unit of activity (U) was the amount of 
the enzyme that forms 1 μmol 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 HClO4 at 0 oC), salt-soluble (polyP2, 
extraction with saturated NaClO4 solution at 0oC), 
soluble in a weak alkali (polyP3, extraction with 
NaOH solution, pH 9–10, at 0 oC), soluble in a 
strong alkali (polyP4, extraction with 0.05 N NaOH 
at 0 oC) 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 HClO4 at 90 oC 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 PPN1 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 Ppn1 
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 

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. 

F i g. 1. The number of S. cerevisiae cells with moving volutin granules in strains CRY (parental) 
and CRN (mutant with inactivated PPN1 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 

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 polyP1, 
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 
granules are actively involved in the metabolism of 

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

F i 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’+)

F i 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 

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 

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 PPN1 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”.

F i g. 4. Total exopolyphosphatase activity in strains CRY (parental) and CRN 
(mutant with inactivated PPN1 gene) under conditions of normal phosphorus supply (P+), 

phosphorus starvation (P–), and hypercompensation (P’+)

Table 1
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 (ΔPPN1) 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 

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”.

Table 3
Correlations between the studied parameters in two S. cerevisiae strains, obtained  

by factor analysis with a principal component method
CRY (parental) CRN (∆PPN1)

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 

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 PPN1 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 PPN1 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 Ppx1 
[18], exopolyphosphatase Ppn1 with endo-
polyphosphatase activity [17], endopo ly phos-
phatase Ppn2 [36], inositol pyrophosphate phos-
phatase Ddp1 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), 
Vtc1, 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]. Ppn1 

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]. Ddp1 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 PPX1 and 
PPN1 genes encoding the corresponding poly-
phosphatases [27, 38]. Considering the lo ca-
lization of “dancing bodies” in vacuoles, their 
appearance may participate in polyphosphate 
synthase complex Vtc, exopolyphosphatase 
Ppn1 with endopolyphosphatase activity, en-
do   po lyphosphatase Ppn2, and unidentified 
vacuolar exopolyphosphatase. We assume that 
exopolyphosphatase Ppn1 with endopo ly phos-
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 PPN1 gene, which encodes the 
polyphosphatase Ppn1, 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. 

ВПЛИВ ФОСФОРНОГО МЕТАБО-
ЛІЗМУ НА РУХЛИВІСТЬ ВОЛЮТИ-
НОВИХ ГРАНУЛ SACCHAROMYCES 

CEREVISIAE 
М.С. Харчук, Е.Н. Громозова

Інститут мікробіології і вірусології  
ім. Д.К. Заболотного НАН України, 
 вул. Академіка Заболотного, 154,  

Київ, 03143, Україна

Ре зюме
Відомо, що у вакуолях дріжджів можуть спо-

стерігатися рухливі волютинові гранули (“dancing 
bodies”), механізм виникнення яких донині за-
лишається малодослідженим. Мета. Виявити 
наявність зв’язку між рухливістю волютинових 
гранул Saccharomyces cerevisiae і метаболізмом 
поліфосфатів в умовах фосфорного голодування і 
гіперкомпенсації. Методи. У роботі використову-
вали цитологічні, біохімічні та статистичні методи 
дослідження. Результати. Показано, що кількість 
клітин з рухливими волютиновими гранулами 
(показник “dancing bodies”) в умовах нормально-
го забезпечення фосфором клітин, фосфорного 
голодування і гіперкомпенсації у батьківського і 
мутантного (ΔPPN1) штамів відрізнялася. Інак-
тивація гена PPN1, який кодує екзополіфосфата-
зу Ppn1, призводила до зміни показнику “dancing 
bodies” в досліджуваних умовах. У мутантного 
штаму CRN кількість клітин з рухливими волю-
тиновими гранулами майже завжди була нижчою, 
ніж у батьківського штаму CRY. Зміна загальної 
кількості неорганічних поліфосфатів в умовах 
нормального забезпечення фосфором клітин, 
фосфорного голодування і гіперкомпенсації мала 
однакову тенденцію для обох штамів. Відмінною 

рисою було те, що інактивація гена PPN1 призво-
дила до більшого накопичення цих полімерів у му-
тантного штаму CRN, ніж у батьківського штаму 
CRY. У обох штамів відмічалась суттєва різниця 
у профілі поліфосфатних фракцій 1, 2 і 3 (поліФ1, 
поліФ2 і поліФ3 відповідно). Однак були і загаль-
ні риси в динаміці вмісту фракцій цих полімерів. 
Суттєвих відмінностей у фракціях 4 і 5 (поліФ4 і 
поліФ5 відповідно) не спостерігалося як у мутант-
ного, так і у батьківського штамів. Встановлено, 
що в умовах нормального забезпечення фосфо-
ром клітин, фосфорного голодування і гіперком-
пенсації динаміка загальної екзополіфосфатазної 
активності (ЕПФА) для обох штамів виявилася 
майже асинхронною. Відмічено, що показники 
ЕПФА в деякій мірі мали відповідність до зміни 
показника “dancing bodies” як для батьківського 
штаму CRY, так і для мутантного штаму CRN. За 
допомогою лінійного кореляційного аналізу було 
встановлено, що кількість клітин з рухливими 
волютиновими гранулами у батьківського штаму 
CRY достовірно корелювала з ЕПФА і вмістом 
поліФ1, поліФ2 і поліФ3. В той же час у мутант-
ного штаму CRN показник “dancing bodies” мав 
достовірний зв’язок з ЕПФА і вмістом поліФ4. За 
результатами факторного аналізу за методом голо-
вних факторів у батьківського штаму CRY за голо-
вним фактором 1 найбільш значущі коефіцієнти 
кореляції спостерігалися між кількістю клітин з 
рухливими волютиновими гранулами і всіма по-
ліфосфатними фракціями. В той же час у мутант-
ного штаму CRN відмічалися значуща кореляція 
між усіма досліджуваними показниками. За голо-
вним фактором 2 у батьківського штаму CRY зна-
чущі коефіцієнти були між показниками “dancing 
bodies”, ЕПФА, вмістом поліФ4 і поліФ5. У му-
тантного штаму CRN кореляція зі значущими ко-
ефіцієнтами спостерігалася між кількістю клітин 
з рухливими волютиновими гранулами, ЕПФА і 
поліФ4. Висновки. Отримані дані свідчать про 
прямий зв’язок рухливості волютинових гранул з 
фосфорним метаболізмом в досліджуваних умо-
вах. Припускається, що явище “dancing bodies” 
може бути наслідком активності вакуолярних по-
ліфосфатаз.

Ключові слова: дріжджі, неорганічні поліфос-
фати, екзополіфосфатази, “dancing bodies”, волю-
тинові гранули.
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