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Polysaccharides (PS) are important structural elements of all living organisms. They perform many
important functions and protect cells from the action of various stresses. The in vivo synthesis of PS is an
energy-consuming process that requires phosphates, as well as the structure of PS requires the phosphates
and polyphosphates (poly(P)) as binding elements. However, the role of enzymes that metabolize poly(P)
(polyphosphatases, poly(P)ases) in the processes of cell wall components and extracellular matrix
synthesis is poorly understood. Aim. The aim was to study the role of PPNI and PPXI poly(P)ases in
the processes of cell wall and extracellular matrix formation. Methods. Saccharomyces cerevisiae yeast
cells with deletions of PPN1 (Appnl) and PPXI1 (Appx1) were used in the study. Cells were exposed to
hydrogen peroxide (25—100 mM), acetic acid (25—100 mM) and sorbitol (0.25—1.0 M) to induce stress
reactions. RF-EMF (40.68 MHz, 15W power, 30 min) was applied separately and 30 min before treatment
with other stress factors to induce an adaptive response. The influence of stress factors was evaluated by
changes in the content of sugars. The sugars and sugar residues in the cell walls and extracellular matrix
of the yeast cells were detected using GC/MS and lectin-gold binding test. The content of D-mannose/D-
glucose (Man/Glu), D-galactose (Gal), N-acetylglucosamine (GlcNAc), N-acetylgalactosamine (GalNAc)
and N-acetylneuraminic acid (NANA) was assessed. Results. The deficiency of PPNI and PPX1 affect the
content of sugars in the cell walls and extracellular matrix. The amounts of glucosamine (according to
GC/MS analysis) decreased in 3-5 times in the cell walls of PPNI and PPX1I deficient cells. The lectin-
gold test showed that the Man/Glu content was the most stable (27-38%) among all the yeast cells, while
the amounts of other sugars varied significantly. The deletion of poly(P)ases had different effects on the
content of sugars in the cell walls and extracellular matrix: the extracellular matrix showed a significant
decrease in GlcNAc, GalNAc and an increase in NANA, while the content of GalNAc in the cell walls
remained almost constant, and the content of NANA decreased in case of PPN1 deletion and increased in
case of PPX1 deletion. Correlation analysis showed a potentially high (up to 97%) correlation between
Man/Glu, GlcNAc, and GalNAc amount in cell walls, and cell viability (stress-resistance). However, only
one of these sugars, GlcNAc, showed correlation with deficiency of PPNI and PPX1. The differences
between the effects observed in cells with single and double deletions of poly(P)ases indicate that both
enzymes positively regulate GlcNAc biosynthesis of cell walls and extracellular matrix and the biosynthesis
of extracellular GalNAc. Conclusions. Both poly(P)ases (PPN1 and PPX1) are involved in the assembly
of the cell wall and extracellular matrix and influence mainly the content of their minor constituents:
Gal, GalNAc, GlcNAc, and NANA. The change in stresses resistance of PPNI1 and PPXI deficient cells
correlate with the content of Man/Glu, GalNAc and GlcNAc, which is regulated by both poly(P)ases. The
marked differences and changes in the content of the PS may indicate a decrease of the cell wall rigidity
and a decrease of the GPI-bound proteins portion in it, as well as the conformational changes of the PS
in the extracellular matrix that resulted from the deletion of the poly(P)ases.

Keywords: polysaccharides, cell wall, extracellular matrix, polyphosphatases, stresses, Saccharomyces
cerevisiae.

ISSN 1028-0987. Mixpobion. oicypn., 2020, T. 82, Ne 2 3



The yeast cell wall is a complex structure which
along with various structural elements contains
enzymes, adhesion factors, transport proteins, and
a lot of other elements as well. The main structural
elements of the cell wall are polysaccharides,
which represented mainly with mannan and glucan
and lesser with chitin, which in turn are associated
with proteins that perform numerous functions [1].
Besides, yeast cell walls contain polyphosphate
(poly(P)) chains, which amounts to 20% of the
total poly(P) pool in the cell [2]. It is suggested
that poly(P) support a negative charge on the cell
surface, play an important role in the degradation
of hydrocarbons and participate in the formation of
some structural elements, such as cell wall canals
[3]. Despite such an important role of poly(P) in the
cell wall, no poly(P)ase activity was shown in it.
PPX1 activity was detected only in the cytoplasmic
membrane and it was suggested that it might be
involved in mannan synthesis [2]. However it was
not shown direct involvement of poly(P)ases in the
synthesis of cell wall components [1], the activity
of PPX1 significantly increase in case of disruption
of cell wall structure [4], which is indirectly linked
due to changes in the cell.

Cell wall performs many functions, including
the function of protection and counteraction of the
influence of environmental factors [1]. The link
between poly(P)ase activity and cell resistance to
various stress factors was established. Inactivation
of poly(P)ases cause elongation of poly(P)-chains
(within cell walls as well) or decrease of exopoly(P)-
ase activity alone; this entails many biological
effects including changes in stress response,
signaling and regulatory functions, viability and
proliferative activity, virulence, genome instability,
and some others [5]. The models explaining the
participation of poly(P) in various life processes
were proposed. However, deficiency of poly(P)ases
(PPNI1 or PPX1), although affecting cell resistance
to stress factors, is not lethal and does not prevent the
formation of the cell wall and extracellular matrix.
Nothing is known about the impact of poly(P)ases
on the structural and/or functional organization of
various cellular organelles and structural units such
as cell wall, membranes, vacuoles, mitochondria,
ER, nucleus, cytoskeleton and so on. There is only
some evidence that poly(P) can activate cell wall
enzymes like glucan transferase Bgl2p and maybe
other glycolytic enzymes too, inducing cell wall
autolysis [6]. It was suggested that the structural
proteins of the cell wall and the enzymes involved
in their biosynthesis are mostly not vital, since the
cell can successfully compensate such deletions by
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enhancing the synthesis of other structural elements,
such as chitin [7]. However, such assumptions are
usually made under optimal conditions while many
structural elements of cell (including its genetic
and biochemical properties) serve to ensure cell
functionality in the environment that is far from
optimal. The biological functions that perform
poly(P)ases PPN1 and PPX1 are probably even
more important for cell resistance to the action of
the stress factors [8].

A detailed study of the changes that occur in
the cell walls and extracellular matrix in case of
deletion of poly(P)ases will help to understand the
biological role of these enzymes in the assembling
of cell wall structure and to find links between the
resistance of yeast cells to the action of physical
and chemical factors, changes in gene expression,
changes in adhesive properties and virulence,
changes in physiological and biochemical
properties and, accordingly, changes in sensitivity
to antibiotics, and so on. Therefore, the aim of the
current work was to study the role of poly(P)ases
PPNI1 and PPX1 in the processes of assembly of
cell wall and extracellular matrix.

Materials and methods

Yeast strains and cultivation

Saccharomyces cerevisiae yeast deficient in
ppnl and ppx1 (a wild type (Wt-cells), two single
mutants (Appnl-cells and Appxi-cells) and a
double mutant (Appnli::AppxI-cells)) were used
in the study [8]. Yeasts were grown on YEPD at
28° C for 16 £ 1 h. Cells were washed from nutrient
residues with PBS (pH 7.2) by centrifugation at
x300g for 5 min, three times, and resuspended
in sterile distilled water to a concentration of
2x108¢cells/ml according to optical density.

RF-EMF treatment

The treatment of cells with the radiofrequency
electromagnetic field (RF-EMF) was used to
initialize the adaptive response processes within the
cells [8]. Yeast suspensions in the polypropylene
1.5 ml tubes were placed into the solenoid
connected to the generator of EMF (40.68 MHz,
27.5 V/m, 22 A/m, the capacity of radiation 15 W,
polarized in a horizontal plane). Cells exposure
was performed under strict thermostatic conditions
(28°C) for 30 min.

Hpypertonicity, oxidative and acidic stresses

Yeasts were treated with hydrogen peroxide,
acetic acid and sorbitol to create the conditions of
oxidative, acidic and hypertonic stresses. Stock
(%2) solutions of the chemicals were prepared and
were mixed with cell suspensions in a ratio of 1:1
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and treated for 60 min at 28°C. The final concen-
tration of cells in the samples was 10% cells/ml.
After the treatment, the cells were washed three
times with diH,O or PBS (centrifugation at x300g,
2 min each time) and used for cell wall extraction
and lectin-gold binding test, respectively.

Cell walls isolation

Cell walls were isolated as described [9]. In
brief, cells were disrupted by vortexing at 3500
RPM (vortex MSV-3500 BioSan, Latvia) in 10 mM
Tris-HCI (pH 7.4) with glass beads (0.5 mm) and
intensively washed in decreasing concentrations
of NaCl (5%, 2% and 1%) and finally with diH,O.
The quality of disruption was checked with a
microscopy examination. Cell walls were aliquoted
(1 mg of wet weight) into the 1.5 ml polypropylene
tubes and stored at -20° C until need.

Cell walls sugar extraction and analysis with
GC/MS

Cell walls sugars were extracted using the
sulfuric acid hydrolysis procedure as described
[10]. Xylose (0.3 mg/ml) was used as an internal
standard. The sugar content was determined by
GC/MS according to [11].

Detection of sugar residues with lectin-gold
binding test

Lectins, conjugated to gold nanoparticles,
were used in the study. Concanavalin A (ConA)
with the affinity to D-mannose/D-glucose (Man/
Glu) and N-acetylglucosamine (GIcNAc). Lectin
of wheat (WGA) with the affinity to GIcNAc and
N-acetylneuraminic acid (NANA). Lectin of soy
(SBA) with the affinity to N-acetylgalactosamine
(GalNAc) and D-galactose (Gal). Lectins of
Lens culinaris (LCA) and Pisum sativum (PSA)
both with the affinity to Man/Glu. Lectins of
Solanum tuberosum (STA) and Phaseolus vulgaris
(PHA) with the affinity to GlcNAc and GalNAc,
respectively. Because lectins possess an affinity for
several sugar residues, the portion of each sugar
residue was determined as a sum or difference of the
binding capacities of lectins with similar affinities.
Thus, the quantity of Man/Glu was determined as
a sum of bound lectins of LCA and PSA, and the
number of their alfa forms as a difference between
ConA and STA. The quantity of Gal and NANA: as
the difference between SBA and PHA, and WGA
and STA, respectively. The quantity of GIcNAc and
GalNAc was determined directly according to the
binding capacities of STA and PHA, respectively.

The number of lectins bound in the extracellular
matrix surrounding the cells was determined
by direct counting of gold particles at the
digital images that were got with the help of the
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transmission electron microscope JEM-1400 (Jeol,
Japan) at magnification 10k—80k and accelerating
voltage 80 kV. The direct calculation of lectin-gold
particles bound to the cell wall surfaces was not
possible, because the number of bound lectins was
too high. Therefore we determined that change
of the optical density (OD,,)) of cells after their
interaction with lectins was a good measure of the
number of lectins tightly bound to the cell walls.
Unbound lectins were deleted by centrifugation at
300g. Cells were resuspended in PBS to the initial
volume before OD,,, measurement.

Statistical analysis

The central composite experimental design
with three central points was used to evaluate
the influence of the RF-EMF on the cell walls
PS content and its influence on the effectiveness
of other stress factors. The alpha for rotatability
and alpha for orthogonality were 1.68 and 1.29,
respectivelly. Hydrogen peroxide (25-100 mM),
acetic acid (25-100 mM) and osmotic shock
(sorbitol 0.25-1.0 M) were used as independent
factors. Stresses were applied 30 min after the RF-
EMF exposure. The changes in the PS quantities
were detected with the lectin-gold binding test.

The central composite experimental design and
all data analyses were performed with Statistica
v.10 software (StatSoft Inc., 2011, www.statsoft.
com). The significance of the differences between
variances and average values was assessed by
F-test. Differences were marked as significant at
p < 0.05. The comparison of the strains by their
sugar content was performed with Ward's method
of cluster analysis using percent of disagreement as
a measure of difference.

Results

Monosaccharide composition of the yeast cell
walls

Glucose, mannose, glucosamine, and ribose were
detected in the cell walls of yeast cells (Table 1).
The prevalence of glucose and mannose over other
sugars is typical for this type of microorganisms
[1]. Ribose is not a common structural element of
the yeast cell walls but is well represented in the
complexes with RNA/DNA molecules [12]. It is
possible to assume an incidental catch of ribose
from the membrane-associated ribosomal fraction.

Deficiency of poly(P)ases altered the ratio
of the major sugars (mannose and glucose). A
6% increase of mannose content was shown in
Appnl-cells and a 2-3% increase of glucose in
Appx1-cells (including the double mutant cells).
The glucosamine content decreased 3—5 times in
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the deficient cells and the lowest it content was
in the cells with the double mutation. Ribose
was not detected in Appx/-cells (including the
double mutant cells). Marked differences showed
that PPX1 mutation caused more distinctions

Table 1

in comparison to PPN1 deletion. However, the
distinctions were not in the mannose content
(as expected) because of the correlation found
between PPX1 activity and mannose biosynthesis

[2].

Sugar content (%) in the cell walls of Saccharomyces cerevisiae deficient in
polyphosphatases PPNI and PPX1

Sugar Parental Appnl Appx1 Appx1::Appnl
Mannose 46.8+1.1 52.3+1.8 46.1£2.1 47.6+1.3
Glucose 50.4+1.7 46.3+0.9 53.2+0.3 52.0+1.4
Galactosamin 2.1+£0.2 0.8+0.2 0.7+0.1 0.4+0.1
Ribose 0.620.1 0.5+0.1 0 0
Difference: | 60% | L 60% |

100% |

The sugar residues of the yeast cell walls and
extracellular matrix

Saccharomyces cerevisiae cells do not have
dense extracellular structures similar to a capsule
of some microorganisms. Nevertheless, lectins
binding showed that the extracellular matrix of
these yeast cells may reach 2 mkm in thickness
(Fig. 1A, a). Lectins bind well with the cell wall
components (Fig. 1A, b,c) that assesses sugar
residues within the extracellular matrix and cell
walls as well.

The analysis showed that yeast cell walls
contain D-mannose/D-glucose (46%-49%), a
lot of N-acetylglucosamine (22%-25%) and
N-acetylgalactosamine (21%—-24%) (Fig. 1B).
Content of D-galactose and N-acetylneuraminic
(NANA) acid was low, but better characterized
the differences between cells of different strains.
In particular, D-galactose was not found in the
AppxI-cells, while cell walls of other strains
contained 1.3%-2.8% of this sugar. At the same
time the deficiency of PPX1 resulted in an increase
(to 2.0%) of the NANA content. Therefore, the
sugar content in the cell walls of Appx/-cells had
the largest differences from cells of other strains
(Fig. 1B).

The number of lectins bound in the extracellular
matrix (ECM) of the Wt-cells was twice higher
(7.5k units/mkm?) than in the cells with poly(P)-
ases deficiency (3.2k — 4.2k units/mkm?, the lowest
numbers were found in the ECM of the cells with
double mutation). The content of sugars in the
ECM varied depending on the strain and the ECM

of Appx1-cells was less different (27%) from Wt-
cells. The PPN1 deficiency resulted in a decrease in
the content of N-acetylglucosamine (4—6% against
35% in the ECM of Wt-cells) and increased content
of NANA (31% vs. 1% of Wt-cells) (Fig. 1B).

Among all sugars, the content of a-D-man-
nose/a-D-glucose and D-galactose/N-acetylga-
lactosamine achieved their maximum and
minimum values (respectively) in the cells of the
double mutant. Such a result is the most interesting
since it indicates that there are some common to
both poly(P)ases processes in the ECM assembling.

Change of sugar content in the cell walls and
extracellular matrix of the PPN1 and PPX1
deficient cells under the action of stresses

Under the action of stresses, the overall
amount of sugar residues identified in the cell
walls remained relatively stable (the coefficient
of variation for the cells of all tested strains was
in the range of 6-8%). This was due to relatively
weak changes in the content of the major sugar
components the variability index for which was only
5-10%, while the variability of minor components
exceeded 40%. Nevertheless, hyperosmotic and
acidic stresses significantly affected the overall
content of sugar residues that were determined
in the cell walls of W¢-cells: both factors showed
positive dependences, linear for osmotic stress and
nonlinear for acidic stress (Fig. 2). This was due to
a significant influence of all stresses on the content
of D-mannose/D-glucose in Wt-cells, and hydrogen
peroxide affected N-acetylglucosamine (GIcNAc)
and N-acetylgalactosamine (GalNAc) as well.
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Fig. 1. Binding of lectins with sugar residues in the cell walls and extracellular matrix
of yeast cells deficient in PPN1 and PPX1. (A) Electron microscopy images showing binding
of Lens culinaris lectin (LCA) labeled with colloidal gold (small 10-12 nm black dots on the
images) with the D-mannose/D-glucose (Man/Glu): (a) — a yeast cell surrounded by a layer of
lectin-gold particles bound in the extracellular matrix (ECM), (b) — a fragment of a cell showing
binding of labeled LCA particles with the cell wall (CW) and ECM, and (c) — binding of LCA in
the area of the bud formation. The bar is 2 mkm on figure (a), and 200 nm in figures (b) and (c).
(B) Content of sugar residues (in %) in the cell walls and extracellular matrix.

Stresses had not the same impact on the Man/
Glu content in the cell walls of the cells deficient
in poly(P)ases. Instead, all stresses (except for
RF-EMF) significantly influenced the content of
their minor components (GlcNAc and GalNAc).
The content of GIcNAc decreased with the stress
load in the cell walls of Appnl-cells and Wit-cells
and increased in the cell walls of AppxI-cells
(Fig. 3). The content of GalNAc increased under
the action of hydrogen peroxide and sorbitol in the
cell walls of all cells except AppxI-cells. The action
of acetic acid had the opposite effect on this sugar.
The changes that were marked in the cell walls of
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the double mutant cells were intermediate between
Appni-cells and Appx1-cells.

The hydrogen peroxide was shown to be able
to decrease the viability of the PPN1 deficient cells
whereas the PPX1-deletion increased cell resistance
to all stresses that we studied [8]. The RF-EMF
(40.68 MHz) exposure was able to increase cell
resistance to all stresses that happened, presumably,
because of the induction of the adaptive response
processes in the yeast cells. In the current study,
we marked no significant changes in the cell wall
sugar content of irradiated cells. But we noted
that irradiated cells have different sugar content
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Fig. 2. Influence of stress factors on the total content of sugar residues found in the cell walls
of the wild-type yeast. The inset shows a correlation between sorbitol concentration and sugars
content.
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Fig. 3. The influence of RF-EMF on the changes of GIcNAc and GalNAc content in cell walls
in response to the stress factors action. (A) The dose-effect curves. The symbol “/” separates the
effects without RF-EMF pretreatment (on the left) and after RF-EMF treatment (on the right).

(B) — Impact of poly(P)ases PPN1 and PPX1 on the marked effects of RF-EMF.
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in response to other stresses in comparison to
non-irradiated cells (Fig. 3). The differences in
the cell wall stress response of irradiated and
non-irradiated cells increased from 47% to 61%
between Appnli-cells and Wt-cells, and from 57%
to 100% between the double mutant cells and
Wt-cells. The viability of the non-irradiated cells
under the action of hydrogen peroxide showed high
(99%, p < 0.013) correlation with the content of
GalNAc, while resistance to hyperosmotic stress
had a 91% correlation (p < 0.09) with the content
of GIcNAc (Table 2). These correlations were
not found in the irradiated cells however another
potential dependence between cell resistance to
hyperosmotic stress and the content of GalNAc
was marked.

Table 2

An additional analysis of the possible link
between the content of sugars in the cell wall
and extracellular matrix with the yeast viability
showed no correlation with the content of sugars
that was determined using GC/MS, whereas the
analysis of sugars content using lectins-gold test
showed high correlations (up to 99%) between
these parameters. In general, the ability of cells
to survive under the influence of stress factors
correlated with the content of Man/Glu in the cell
walls and extracellular matrix and with the content
of GalNAc and GIcNAc within the cell walls
(Table 2).

Correlations (R, %) between viability (by the colony-forming unit) [8] and sugars content
in the cell walls and extracellular matrix of PPN1 and PPX1 deficient yeast cells
under the action of stress factors

Viability, colony-forming unit
Hydrogen | Hydrogen L. .
Parameter Sugar . . Acetic acid, | Sorbitol,
peroxide, | peroxide,
150 mM 1M
0.3 mM 10 mM
Dynamical changes of cell wall GlcNAc 72 74 41 91%***
sugars in the non-irradiated cell GalNAc -88 -99* 52 64
Dynamical changes of cell wall GIlcNAc -7 -16 -52 4
sugars in the irradiated cell GalNAc 66 52 72 91%***
Mannose -39 -73 -56 -52
Cell wall sugars by GC/MS Glucose 33 63 65 47
Glucosamine 19 30 =22 15
Man/Glu -9k -95%* -98** -97%*
a-Man/a-Glu 77 79 99** 84
Cell wall sugars by lectin-gold test | Gal -61 -85 -81 -72
(mean values) GleNAc -78 -56 -38 -68
GalNAc 91 *** 94 68 90***
NANA 44 55 83 56
Man/Glu -85 -93k* -97** -9 w*
a-Man/a-Glu 54 18 49 46
Cell wall sugars by lectin-gold test | Gal -46 -78 -54 -56
(median values) GleNAc -90*** -83 -99* -Q3HHk
GalNAc 77 79 42 73
NANA 37 48 78 49
Man/Glu 94 **x 99* 92 #** 98%**
Extracellular sugars by lectin-gold a-Man/a-Glu 85 88 -6 83
GleNAc 68 86 48 70
test (mean values) GalNAc 40 1 04 34
NANA -58 -77 -35 -60
Legends:*—p <0.01, **—p <0.05, ***—-p<0.10
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Based on the marked correlations, we can
assume that the key elements that ensure cell
viability are mannose/glucose, glucosamine,
and galactosamine. The decrease of Man/Glu

and GIcNAc in the cell walls and increase of
GalNAc, as well as an increase of the Man/Glu
in the extracellular matrix, resulted in the greater
resistance of the yeast cells to the stresses (Fig. 4).
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Fi g. 4. Scheme of the yeast cells resistance to stresses mediated by the PPN1 and PPX1 activity
and by the sugar content in the cell wall and extracellular matrix

Discussion. Both poly(P)ases showed invol-
vement in the process of assembly of the sugar
component of the cell wall and extracellular matrix
of the yeast cell. However, the deficiency of PPX1
had a stronger impact on the cell wall sugars,
whereas the deficiency of PPN1 — on the sugars
content in the extracellular matrix. The PPX1 is
located in the cytosol and its activity was found in
the vicinity to the cell wall (in the cell membrane),
whereas PPN1 is located in vacuoles, nucleus,
and mitochondria, and appears in the cytosol only
after deletion of PPX1 and under specific growth
conditions. Such localization of PPX1 may be
related to the more significant contribution of its
deletion to the sugar content of the cell walls. In
this regard, changes that were marked in these
structures in the Appnl-cells can probably be
considered as indirect and associated with the
decrease of PPX1 activity [13].

The main components of the yeast cell walls are
mannose and glucose. The decrease of glucosamine
(marked with GC/MS) in the mutant cells is
quite indicative because this sugar is presented
as N-acetylglucosamine (GIcNAc) in the cell
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wall and this is the main component of chitin.
Therefore, although GlcNAc was found in minor
quantities, it still has extremely important structural
functions and ensures the integrity of the cell wall
in case of disturbance of the cell wall structural
proteins synthesis [7]. Besides, GlcNAc involved
in the attachment of GPI proteins, which have a
glycophosphatidylinositol (GPI) anchor at the
C-terminus, which contains GlcNAc in its structure
as well [7]. Therefore, a decrease in glucosamine
can indicate a decrease in chitin content and a
decrease in the content of GPI proteins, which also
participate in the cell stress response [7].

In contrast to the GC/MS method, the lectin-gold
binding test showed that the content of GIcNAc in
the cell walls was at the level of mannose/glucose.
Also, N-acetylgalactosamine (GalNAc), galactose
(Gal) and N-acetylneuraminic acid (NANA) were
associated with cell walls. This approach showed
a link between the sugars content in the cell walls
and extracellular matrix with the cell viability
(that was not possible to find with results of
GC/MS analysis). In addition, taking into account
the specificity of the binding and arrangement
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of sugars in the polysaccharide (PS) chains, the
obtained ratios of sugars may indicate the structural
changes that take place in the extracellular PS
(Fig. 5). Thus, the PS of the Wt-cells is presumably
composed of the long chains of mannose to which
a shorter chains of glucosamine and galactosamine
are bound. The poly(P)ases deficiency decreases

Wit
[GleNAc; Man, GaINAc;] o NANA

the length of the PS chains, and the deficiency of
PPX1 reduced the portion of GalNAc in the PS,
whereas the PPN1 deficiency reduced the portion
of GIcNAc and increased the content of GalNAc
and NANA that indicate an increased branching
of the PS.

Appxl

GlcNAc; Man, GalNAc, NANA

Cell Cell
wall wall
protein protein
10
Appnl Appnl:: Appx1
GleNAc Many GalNAc, NANA, GlcNAe Mang GalNAc; NANAg
- -
o “O-
-
o ¢
wall protein
protein
O Mannose (Man) I:] N-acetylglucosamine (GlcNAc) ® Phosphate
’ N-acetylneuraminic acid D N-acetylgalactosamine .. Hypothetical link

(NANA)

(GalNAc)

Fi g. 5. The structural formula and the corresponding hypothetical structures of
the polysaccharides in the extracellular matrix of yeast cells deficient in PPN1 and PPX1

Galactose, N-acetylgalactosamine, and N-ace-
tylneuraminic acid are not typical elements of
Saccharomyces cerevisiae cell walls. However,
the presence of galactose is quite expectable
considering that yeast has the UDP-galactose
transport protein complex and the minor amounts
of galactose were found in the study of fraction of
1,6-glucan isolated from the yeast cell [14]. The
PPX1 presumably plays an important role in the
supply of cell walls with D-galactose since this
sugar was not found in the Appx1-cells.

The content of N-acetylneuraminic acid in the
Wt-cells was low, but it was in excess in Appnl-
cells and cells with the double mutation. An excess
of NANA found on the surface of Candida yeast
was associated with their pathogenicity [15] and
thus, its high content in the extracellular matrix
may indicate potential pathogenicity of the yeast
cell against the mammalian cells. The PPN1 may
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be responsible for the regulation of the content of
this sugar in the cell walls and extracellular matrix,
because this sugar was not detected in the cell walls
and, at the same time, was in access (to 31%) in the
extracellular matrix of Appni-cells.

The impact of both poly(P)ases was minimal
in case of the major constituents such as mannose/
glucose, however, both enzymes have a positive
effect on GlcNAc, the content of which significantly
reduced in case of deletion of either of these two
enzymes and was minimal in the double mutant
cells. Content of GIcNAc, along with GalNAc
and mannose/glucose showed a correlation with
the viability of yeast cells under the action of
stresses. Also, the ratio of GIcNAc, GalNAc, and
NANA seem to ensure the mechanical and physical
properties (stiffness) of cell walls (data not shown)
and, thus, ensure the resistance of cells to the action
of stresses.
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Conclusions. The deletion of poly(P)ase PPN1
or PPX1 influences the content of sugars in the cell
wall and extracellular matrix of yeast cells. The
content of individual sugars correlates with the
viability of yeast cells under the action of stress

POJIb ITOJII®OC®ATA3 PPN1 I PPX1
Y CTPEC-IHAYKOBAHUX 3MIHAX
MNOJJICAXAPUIHOI'O CKJIALY
KJITUHHOI CTIHKH I TO3AKJII-
THUHHOI'O MATPUKCY KJIITUH
SACCHAROMYCES CEREVISIAE

C.1. Boituyx, O.M. I'pomoszosa

ITnemumym mikpooionoeii i ipyconoeii
im. JIL.K. 3abonomnoco HAH Yxpainu,
syn. Akademixa 3abonomnoeo, 154,
Kuis, 03143, Vkpaina

Pesrome

[onicaxapuau (I1C) € BaXIMBUMH CTPYKTYpPHH-
MU eJIEMEHTaMH BCiX KHBHUX OpraHi3miB. BoHu BH-
KOHYIOTh HU3KY BaXUIMBHX (DYHKIIH 1 3aXWIIAIOTH
KIIITUHHM BiJ 1ii pi3HUX (akTopiB cTpecy. Cuntes [1C
€ eHepro3aTpaTHUM IMPOIECOM, KUl moTpedye doc-
¢aris, Tak camo i cTpykrypa IIC morpebye yuacti
docdaris 1 momidocedarie (poly(P)) sik 3B’ s13yrounx
eiemeHTiB. [Ipore ponb depMeHTIB MeTaboIi3My
poly(P) (monidocdaras, noni(dP)as) y nporecax cuH-
Te3y KOMIIOHEHTIB KJIITUHHOT CTIHKH 1 IO3aKJIITHHHO-
ro MaTpUKCy BUBUEHA HenocTarHbo. Mera. Metoro
JociijpkeHHs: Oyno BuB4YeHHs poiti nomi(®d)a3z PPN1
ta PPX1 y npornecax ¢popMyBaHHS KIIITHHHOT CTIHKH
Ta TO3aKIITHHHOTO MAaTPUKCY KIITHHAMHU JIPIKIDKIB.
Metomn. Y mocmiKeHHI BHKOPHCTOBYBAIU KITITHHA
JIPLKIKIB Saccharomyces cerevisiae 3 BIAMOBIIHUMUA
neneuismu (Appnl ta AppxI). das ingykuii ctpe-
coBO{ peaxIlii KIITHHHU MiAJaBaIN BIUIUBY MIEPEKUCY
BOJHIO (25—100 MM), orrroBoi kuciotu (25—-100 MM)
Ta copbitomny (0,25-1,0 M). PanioyactoTHe enexTpo-
MarHitTHe BunpoMintoBanus (40,68 MI ', mOTy»)HICTh
15 BT, ekcrio3uuist 30 XB) BUBYAJIU OKPEMO, a TAKOK
SIK IHAYKTOP aIallTUBHO BIATOBI/I, I 4OTO KJIITHHH
npixmxis onpomiatosanu PU EMB no momenTy Brutu-
By iHIUX (pakTopiB cTpecy. Brums ¢akTopiB cTpecy
OILIIHIOBAJIM 32 3MIHOIO KUIBKOCTI IyKpiB. LlykpoBi 3a-
JIUIIKY Ta IYKPH B KIITHHHUX CTIHKAaX Ta B MO3aKJIi-
TUHHOMY MAaTPHKCI BU3HAYAJIH 32 JIOTIOMOTOF0 METOLY
GC/MS ta Merony NEKTHHIB Mi4YeHUX KOJIOITHUM
3050ToM. OLiHIOBAaTIN BMICT D-MaHO3H/D-TIIOKO3H
(Man/Glu), D-ranaxto3u (Gal), N-anerun-D-
nroko3aminy (GIcNAc), N-anetun-D-ranakTo3aMiny
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factors. The data obtained indicate that the acti-
vity of PPN1 and PPX1 regulates the sugar con-
tent in the cell wall and extracellular matrix and
ensure the resistance of the yeast cells to stress
factors.

(GalNAc) Ta N-aneTwiHeHpaMiHOBOI KHCIOTH
(NANA). Pesyabrarn. /ledextnicts 3a PPNI Ta
PPX1 BnmmBae Ha BMICT IIyKpiB y KIITHHHUX CTIHKaxX
Ta B MO3aKIITHHHOMY MaTpuKkci. KiTbKicTh IIroKo3a-
MiHy (3a manumMu GC/MS-aHani3y) 3MEHIIYEThCS Y
3-5 pasiB y KIITHHHHUX CTIHKaX KJIITHH Je()EeKTHHX
3a PPN1 ta PPX1. MeTox MiueHHX JIEKTUHIB IIOKa-
3aB, 1m0 BMicT Man/Glu 0yB Haii6inbuI cTabiIbHUM
(27-38%) cepen BCix BUBYCHHX KIIITHH JPIKJKIB,
TOJI SIK KUIBKICTB IHIIUX I[yKPiB CYTTEBO BapiroBaja.
HedekrHicTh 3a momni(d)a3zamu Mana pi3HUHA BILTUB
Ha BMICT IYKPIB B KJIITHHHUX CTIHKax Ta B I03a-
KJIITUHHOMY MAaTpHKCi: B MO3aKJIITHHHOMY MaTpPUKCI
Bigmivanocs 3HauHe 3HmkeHHS GIcNAc, GalNAc
ta 30inemenHs NANA, toxi sk Bmict GalNAc B
KIITUHHUX CTIHKaX 3aJUIIAaBCA MaliKe MOCTIHHHUM,
a BMicT NANA 3MmeHIyBaBcs pu Jie(eKTHOCTI 3a
PPN1 Ta 36insuryBaBcs npu nenemnii PPX1. IIpose-
JICHUH KOPEJSIIMHUEI aHai3 MoKa3aB MOTEHI[IHHO
BHUCOKHI (10 97%) 3B’s130K Mixk BMictoM Man/Glu,
GlcNAc ta GalNAc y KITITHHHHMX CTiHKax i3 >KHT-
TE3MATHICTIO KIMITHH (CTiliKicTIO 10 cTpeciB). OxHak
cepen ux MykpiB ymnie GIcNAc BUSBUB 3B 530K 13
nedektHicTio 32 PPN1 ta PPX1. BigminHOCTI MiX
eexramu, BIIMIYEHUMHU B KJIITUHAX 13 OAMHOYHOIO
1 monBiiiHOIO JenerisMu reiB nomi(d)a3, BKa3yloTh
Ha Te, mo oOuaBi noxi(d)asu MO3ZUTUBHO Peryiro-
1oTb 6iocuHTe3 GIcNAC KIITHHHOT CTIHKH Ta 103a-
KJIIITHHHOTO MaTpukcy Ta 6iocuHTe3 GalNAc mo3a-
KJIITHHHOTO Marpukcy. BucHoBku. O6uaBi mosui(d)
asu (PPN1 ta PPX1) 6epyTh yuacTb B oprasizatii Oy-
JIOBU KJIITUHHOT CTIHKH Ta MO3aKJIITHHHOTO MaTPUKCY
1 BIUTUBAIOTh, TOJIOBHUM YHMHOM, Ha BMICT MIHOPHHX
ckmagoBux: Gal, GalNAc, GIcNAc ta NANA. 3mi-
HU CTIHKOCTI KJIITHH JPIXKJIKIB JI0 BIUTHBY CTPECOBHX
(bakTopiB, SIKi BHHUKAIOTH MpH JehekTHOCTI 32 PPN1
Ta PPX1, KOpemntooTh 13 BMICTOM OKPEMHX IIYKpiB,
cepen sakux i GIcNAc, CHHTE3 SIKOTO PETyIIO€ThCS
(yHKIIOHANBHOIO aKTHBHICTIO 000X momi(d)as3. Bera-
HOBJICHI BigMiHHOCTI Ta 3MiHHN y ckiani [1C MmoxyTs
OITOCEPEIKOBAHO BKa3yBaTH HA 3MEHIIICHHS MIITHOCTI
KIIITUHHOI CTIHKH Ta 3MEHIIIeHHs B Hilt GPI-3B’s13aHnX
011IKiB, a TakoXX Ha KoH(popmauiiiHi 3minu I1C B mo3a-
KJIITUHHOMY MaTpHKCi, SIKi BiI0yBalOThCS BHACHIJOK
nenerii moi(d)as.
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