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Abstract

Obtaining Water-soluble Components (WC) from Sac cells. Cer-
evisiae containing amino acids, peptides, proteins, vitamins and
microelements is an urgent task of biotechnology. In order to maxi-
mize the extraction of VA from yeast cells, various methods of pro-
cessing an aqueous suspension of cells were used; incubation at
6°C, (pre-adaptation); carrying out autolysis at 55°C; the action of
high temperature (121°C) and excess pressure (1.5atm.) - autoclav-
ing. In samples that were obtained after separation of cells and cell
walls by centrifugation at 3000g for 15min. the content of VA was
determined from the dry residue, the spectral characteristic in the
UV region of the spectrum, and the content of trace elements (Zn,
Fe, Mn, Co, Ni, Cu, Pu, Cd). It was shown that pre-incubation of an
aqueous suspension of yeast at 6°C for 96 hours (pre-adaptation)
increases the yield of VA after autolysis and even more after auto-
claving. Sequential processing of yeast suspension; pre-adaptation,
autolysis, autoclaving provides almost complete removal of VA (up
to 70% of the total yeast biomass) from cell walls. It was found that
such sequential treatment of the yeast cell suspension enriches the
composition of VC with peptides and proteins compared to the com-
position obtained after autolysis. It was found that the composition of
autolysates does not contain toxic lead and cadmium, and it contains
trace elements in a successful combination from the standpoint of
nutritional value (Zn>Fe>Mn>Co>Ni>Cu). A sequential three-stage
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procedure for obtaining Saccharomyces cerevisiae VC cells is pro-
posed.
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Introduction

As is known, Saccharomyces cerevisiae is one of the most prom-
ising eukaryotic microbiological objects in modern biotechnology [1-
3]. They are characterized by high growth ability, resistance to foreign
microflora, the ability to absorb various food sources, are easily sep-
arated from the culture medium, and do not pollute the environment
with spores [4]. In food technologies, Saccharomyces cerevisiae is
most often used; their biology is well studied, which makes it possible
to obtain new strains not only by classical breeding methods, but also
with the help of modern recombinant technologies [5].

Proteins and vitamins are of the greatest value to the yeast bio-
mass of Saccharomyces serevisiae, and a set of microelements is of
no less interest. The amino acid composition of yeast is superior to
the protein of cereals and slightly inferior in nutritional value to the
protein of milk and fishmeal [6]. In terms of vitamin content, the yeast
Saccharomyces cerevisiae surpasses all protein feeds; ergosterol, a
precursor of vitamin D, is of great interest in this regard [7].

Along with this, enzymes, polysaccharides, flavors, sorbents and
other products are obtained from the biomass of the yeast Saccharo-
myces cerevisiae [8,9]. Despite the great biotechnological potential
of Saccharomyces cerevisiae is not yet fully used, this is due to the
fact that the yeast cell wall, which accounts for up to 30-35 percent of
the biological mass of the cell and includes chitin, mannoproteins and
other components are extremely resistant to various influences [10].

Such a cellular organization of yeast provides them with high me-
chanical and chemical strength and, as a result, poor digestibility in
the digestive tract, and, in addition, can induce allergic reactions. In
this regard, there is a need to separate the water-soluble components
of the cell with high nutritional and biological activity from the cell
walls. Currently, various options for obtaining biologically active
substances from yeast have been proposed, which are based on the
mechanical destruction of cells, followed by the separation of wa-
ter-soluble components from cell walls and cell fragments; enzymatic
hydrolysis using exoenzymes; chemical degradation of cell compo-
nents by alkaline and acidic solutions; and the use of autolysis, that is,
the activation of endogenous lysosomal enzymes of yeast cells.

The most widely used in the production of products from yeast, at
present, is autolysis [11,12]. This is due to the technological simplic-
ity and low cost of its implementation. However, this method has a
number of disadvantages. First, the relatively low yield of target prod-
ucts; secondly, the unstable composition of the obtained substances
and the duration of the autolysis procedure.

We believe that the process of autolysis can be influenced not
only by the conditions of its implementation (such as temperature,
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incubation time, characteristics of the medium), but also by the func-
tional state of the yeast cells that undergo autolysis.

From the standpoint of the structural organization, the Saccharo-
myces serevisiae cell can be represented as follows:

1. Water-soluble components this is part of the proteins, peptides,
amino acids, sugars, nucleic acids, microelements;

2. Cell organelles and supramolecular complexes that are poorly sol-
uble in aqueous solutions, they account for most of the cell and
3. Cell wall, which are insoluble in water and poorly hydrolyzed,
they account for 25 to 35% of the cell biomass [13].

The production of water-soluble components of yeast cells can be
reduced to changing the characteristics of intermolecular and molec-
ular interactions between cell components and ensuring the “accessi-
bility” of hydrolytic enzymes to the corresponding substrates and, as
a consequence, increasing the yield of water-soluble cell components.

It is known that the functional state and composition of cell com-
ponents can change significantly in the process of adaptation to ex-
treme environmental conditions. So, with an increase or decrease in
incubation temperature, the synthesis of stress proteins is induced in
the cell and the membranes of the cell and other supramolecular com-
plexes, as well as the physicochemical characteristics of the cell, can
be significantly rearranged [14-16].

It can be assumed that pre-incubation of Saccharomyces cerevi-
siae cells, in particular at a low temperature (+6°C), may affect the
structural and functional organization of cells, which may affect the
efficiency - the qualitative and quantitative yield of water-soluble
compounds in the aquatic environment.

It is known that the combination of high temperature and pressure
induces energy rearrangements of cellular structures and disruption of
intermolecular and even molecular interactions in the cell [17], which
can increase the release of water-soluble components of yeast cells
into the medium.

In this regard, the hypothesis was tested according to which pre-
liminary adaptation (pre-adaptation) of the yeast culture, followed by
autolysis and auto cloning, can ensure the destruction of intermolec-
ular and partially covalent bonds in the cell and obtain the maximum
possible input of water-soluble components. To do this, we studied
the complex effects of pre-adaptation of Saccharomyces cerevisiae
cells to a temperature of +6°C, autolysis at 55°C and autoclaving (the
combined effect of high temperature (121°C) and excess pressure
(1.5atm.) for 10min on quantitative yield of water-soluble compo-
nents and qualitative composition in terms of spectral characteristics
and composition of essential microelements.

The objective of our study was to determine the effect of precon-
ditions for yeast processing, which can provide the maximum yield
of yeast components, and the effect of these conditions on the ionic
composition of the resulting product.

Material and methods

Baker’s yeast S. cerevisiae was used in the work. A 33% yeast cell
suspension was prepared in distilled water (based on the dry residue).
Various variants of samples were prepared from the resulting suspen-
sion for further processing (Figure 1).

Figure 1: Scheme of experimental variants of yeast processing in order to obtain
water-soluble components, which shows different modes of yeast suspension pro-
cessing and indicators that were determined every 24 hours for 4 days, for this, 10ml
of suspension were taken from the samples.

After various modes of yeast treatment, Water-soluble Compo-
nents (WC) were separated from cells and cell organelles by centrif-
ugation at 3000g for 15min at 20°C. The supernatant was separated
from the precipitate and divided into 2 parts. In one part, the amount
of dry matter was determined. To do this, an aliquot was dried at 55°C
to constant weight. The amount of dry, water-soluble substances was
weighed on an analytical balance. The dry residue of VA was used
to determine the composition of microelements. The second part of
the obtained VCs was used for the spectral analysis of amino acids,
proteins, and nucleic acids.

In order to pre-adapt yeast to low temperature, one of the variants
of the yeast suspension was incubated at a temperature of 6°C. After
24, 48, 72, and 96 hours, aliquots were taken and the amount of VA,
the content of trace elements, and spectral characteristics were deter-
mined in them (Figure 1).

Autolysis of an aqueous suspension of yeast was carried out at a
temperature of 55C with stirring for 24, 48, 72 and 96 hours. Every
24 hours, 10ml of suspension were taken according to the established
scheme (Figure 1).

When studying the effect of high temperature and overpressure,
the samples were autoclaved at 121°C, 1.5atm for 10min. All subse-
quent operations were performed as for the previous options (Figure

1.

To determine the integral composition of the water-soluble com-
ponents of yeast, spectral analysis was performed in the UV region of
the spectrum. To do this, the spectral characteristics were recorded in
the range from 200 to 340nm on a UV-2600 Shimadzu spectropho-
tometer (Japan).

The content of the ionic composition was determined in the ini-
tial (control) yeast suspension, in the samples after 96 h of autolysis,
and in the samples after 96h of autolysis followed by autoclaving.
To do this, the obtained samples were dried to a constant weight at
a temperature of 55°C, one gram of dry matter was taken, and sam-
ple preparation for atomic absorption spectrometry was carried out as
described in [18], Concentrated nitric acid was added to the obtained
samples, stirred and evaporated to a wet residue. After cooling, ni-
tric acid of 1.5% concentration was added to the samples, and the
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resulting mixture was sonicated for 25 minutes. Later, Triton X-100
and nitric acid at a concentration of 1.5% were added to the samples,
and after mixing, the ion concentrations were determined on an S-115
M-1 atomic absorption spectrometer (Ukraine).

All experiments were repeated at least 3 times. Data analysis was
performed using Excel 2013 (Microsoft Corporation, USA) and STA-
TISTICA 8 (Stetsoft, USA). Data are presented as group means and
Standard Error (x SE), which were subjected to statistical process-
ing using the non-parametric Mann-Whitney U test [19]. Differences
were considered significant at P<0.05.

Results

Evaluation of the efficiency of autolysis and the subse-
quent effect of temperature and pressure on the yield of
water-soluble components from the biomass of Saccharo-
myces cerevisiae

As is known, a yeast cell suspension always contains a small
amount of destroyed cells and a certain amount of cellular exome-
tabolites. It turned out that if an aqueous suspension of yeast is pre-
pared and the cells are removed by centrifugation within 24 hours,
then from 0.6 to 1g /1 of water-soluble components were detected in
it, which is no more than one percent of the total mass of cells. This
initial yeast suspension was taken as a control (Figure 2, zero point on
the axis).

Figure 2: A. the content of water-soluble yeast components as a percentage of the
initial biomass in the control sample (zero point on the axis) after incubation of an
aqueous suspension of yeast at a temperature of 55°C for 24, 48, 72 and 96 hours
- autolysis (1), after incubation of yeast suspension at 6°C for 24, 48, 72 and 96
hours, followed by autoclaving of these yeast suspensions at 121°C (1.5atm.) for
10minutes. (2) And after autolysis followed by autoclaving (3). B. the content of
water-soluble yeast components after their incubation for 4 and 8 days at 6°C and
after subsequent autoclaving. C is the content of water-soluble yeast components
after their incubation at 6°C after 24, 96 and 192 hours. * - variants for which
P<0.05 compared with 24 hours are marked, ** - variants are marked compared to
the control (initial suspension).

J

In the event that the yeast suspension is incubated for 24 hours at
a temperature of +55°C, i.e. ensured the “optimal” mode of autoly-
sis, the content of water-soluble components (WC) was about 45 g
in terms of dry residue, which was more than 40% of the total yeast
biomass (Figure 2A, curve 1).

An increase in the autolysis time to 48 hours was accompanied by
a slight increase in the yield of water-soluble components, and by 72
hours this indicator reached a stationary level (Figure 2A curve-1).

Therefore, if we assume that an increase in the release of VA from
yeast cells is provided by endogenous enzymes of lysosomes of yeast
cells, which are activated by a temperature of 55°C, then the hydroly-
sis of cellular components occurs on the first day of incubation.

In order to change the structural and functional organization of
yeast cells, pre-adaptation of the culture to a low temperature (6°C)
was carried out. It is known that when a culture is transferred under
conditions that are not optimal for them (stress), there is a decrease
in the intensity of general metabolism and induction of the synthesis
of a group of stress proteins, structural and functional reorganization
of cell structures, including membranes [20]. It has been shown that
when the temperature drops below 10°C, the activity of enzymes in
the cell decreases by 80-90% of the initial value [21]. Under such
conditions, the destruction of weak intermolecular interactions, the
death of some part of the cells and, as a consequence, the transition of
water-soluble components into the aquatic environment can occur.

It was found that if the yeast suspension was kept at 6°C for 24
hours, then 0.6g/1 passed into the medium, while after 96 hours the
amount of substances released from the cells increased by 2 times
(Figure 2C). A further increase in the yeast holding time under such
conditions up to 8 days increased slightly compared to 96 hours (dif-
ferences are not significant) (Figure 2c).

The results obtained confirm the assumption made about the
change in the structural and functional organization of yeast cells
during their cultivation at 6°C. “Optimal” from the standpoint of the
VC release on Wednesday may be an exposure of 96 hours. If these
assumptions are correct, then it can be expected that additional ac-
tions aimed at increasing the release of VA from cells into the medium
will depend on the preliminary time of pre-adaptation of the yeast
suspension to extreme conditions for them.

It is known that high temperature leads to the destruction of in-
termolecular interactions, and primarily hydrogen bonds [20], which
may be accompanied by the disintegration of supramolecular struc-
tures, and as a result, a possible increase in the yield of VC cells in the
aqueous medium.

In the next series of experiments, the yeast cell suspension was
exposed to a temperature of 121°C, at an overpressure of 1.5atm for
10 minutes, i. . autoclaving after yeast pre-adaptation at 6°C for 24,
48, 72 and 96 hours.

It turned out that autoclaving of the yeast suspension, which was
carried out after pre-adaptation for 24, 48 and 72 hours, provided a
yield of 18 to 22% VA in terms of dry residue from the total yeast
mass, which was 2 times less compared to the yield of water-soluble
components at autolysis (Figure 2A curve -2).

However, if the yeast suspension was subjected to pre-adaptation
at 6°C for 96 hours and then subjected to autoclaving, then the VA
yield increased to 38% of the yeast biomass, i.e. almost twice as com-
pared with 24-72 hours of storage at 6°C (Figure 2A curve -2). At the
same time, an increase in pre-adaptation of yeast to 8 days followed
by autoclaving did not affect the increase in the release of VA into the
aquatic environment (Figure 2C).

The obtained results confirm the assumption that pre-adaptation of
yeast at 6°C for exactly 96 hours did provide an increase in the yield
of VA after additional exposure to high temperature and pressure. It
can be assumed that autolysis and autoclaving are accompanied by
two different mechanisms for increasing the yield of water-soluble
components into the aqueous medium. If the first can be attributed
to the hydrolytic destruction of yeast cell molecules, then the sec-
ond can be attributed to the “mechanical” disassembly of molecular
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complexes into separate components. In this regard, it was of inter-
est to combine these two methods for obtaining water-soluble yeast
components in order to increase their yield. It turned out that pre-ad-
aptation followed by autolysis and additional autoclaving was accom-
panied by an increase in the yield of water-soluble components, so
their amount after 24 hours of autolysis followed by autoclaving was
54%, did not change after 48 and 72 hours of autolysis and increased
to 61% after 96 hours (Figure 2A curve -3).

It is important to note that it was after 96 hours of pre-adapta-
tion of the yeast suspension that the greatest release of VA into the
medium took place and after further successive action of autolysis
and autoclaving. If the yeast cell sediment after pre-adaptation with
subsequent autolysis and autoclaving was washed with an addition-
al portion of water, then up to 6-10% of the yeast components were
transferred into the aqueous solution, which in total amounted to
about 70% of the cell components of the initial biomass, i.e. only cell
walls remained in the sediment after centrifugation.

It can be assumed that the conditions for obtaining VC will affect
not only the quantitative, but also the qualitative characteristics of the
products obtained.

Evaluation of the integral composition of water-soluble
components of Saccharomyces cerevisiae obtained by dif-
ferent methods

Of greatest interest among yeast cellular components are amino
acids, peptides, and nucleic acids, the integral composition of which
can be determined from absorption spectra in the ultraviolet region.
It was found that after yeast autolysis, which was carried out at 55°C
for 24, 48, 72 and 96 hours, the components were represented by two
main fractions, protein (which is represented by a mixture of free
amino acids and peptides - the absorption region is 200-230nm) and
nucleotide (absorption region with a clear peak at 260nm) (Figure 3).

p

Figure 3: Typical absorption spectra of water-soluble components of yeast in the
ultraviolet region, which were obtained after 24, 48, 72 and 96 hours of autolysis
(55°C). Typical absorption spectra are shown when the initial solution of VA is dilut-
ed by 5 (1:5) and 40 times (1:40).

It should be noted that the ratio of these two fractions (peptide/
nucleotide) was the same for samples obtained at different time ex-
posures from 24 to 96 hours (Figure 3). In the event that the amount
of water-soluble components in the sample increased by 8-9 times
due to an increase in their concentration, then in this case substances
were recorded that absorbed in a wider range of the spectrum, from
200 to 290nm (Figure 3). At the same time, a wide range of individual
peptides and proteins, which also include aromatic amino acids, was
revealed. It should be noted that their composition was unstable (i.e.,
it depended on the time of autolysis (Figure 3).

At the next stage of the work, we determined the spectral compo-
sition of substances that were present in water-soluble components af-
ter pre-adaptation at 6°C for 24 and 96 hours of incubation, followed
by autolysis for 4 days and additional autoclaving after autolysis at
121°C, 1.5atm, 10 minutes. It turned out that after incubation of the
yeast suspension at 6°C for 24 hours, a slight absorption was detected
in the region of 200-205nm and it linearly decreased to 240nm. A
slight absorption was recorded in the region of 260-270 nm (Figure
4).

Figure 4: Typical absorption spectra of water-soluble yeast components for samples
that were obtained after pre-adapting the yeast suspension at 6°C for 24 and 96
hours, and after autolysis, which was carried out at 55°C for 24 and 96 hours and
after - adaptation, autolysis followed by autoclaving at 121°C (1.5atm.) for 10min.

In the event that an aqueous suspension of yeast was incubated
at 6°C for 96 hours, the amount of water-soluble amino acids and
peptides (absorption area 200-210nm) increased compared to a 24-
hour exposure (Figure 4). These results indicate that after 96 hours
of pre-adaptation, structural and functional rearrangements occurred
in yeast cells, which could lead to an increase in the yield of VA after
autolysis and autoclaving.

Carrying out yeast autolysis for 24 hours at a temperature of 55°C
after their pre-adaptation at 6°C for 24 hours was accompanied by
the production of VC containing a fairly wide range of amino acids,
proteins and nucleic acids (Figure 4). However, of greatest interest is
the composition of VC, which was obtained after successive proce-
dures of pre-adaptation, autolysis, and subsequent autoclaving. Thus,
the amount of substances that were absorbed in a wide range from
200 to 300nm in comparison with autolysis increased, and this was
especially pronounced after 96 hours of pre-incubation and 96 hours
of autolysis, followed by autoclaving at 121°C (1.5atm.) for 10 min.
(Figure 4).

It should be noted that the components obtained under such con-
ditions differed from the autolysate components in organoleptic prop-
erties as well. Therefore, a sequential procedure for processing yeast
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cell suspension, which consists of three stages: pre-adaptation, au-
tolysis and autoclaving, allows transferring up to 70% of yeast cell
components, which contain free amino acids, peptides, proteins and
nucleic acids, into the aqueous phase. Further complete analysis of
the composition of the water-soluble components of yeast will allow
us to determine the areas of their most effective application.

Composition of microelements in water-soluble compo-
nents of Saccharomyces cerevisiae obtained by different
methods

As is known, along with proteins, vitamins and other macromol-
ecules, mineral components also take an active part in the regulation
of metabolism. They perform extremely diverse functions in the body
and therefore they are conditionally divided into essential and toxic
[22]. Deficiency of essential, as well as the presence of toxic trace
elements in the body, leads to a variety of pathologies [23,24]. In this
regard, it is of great interest to determine the composition of micro-
elements in the obtained yeast VA.

Determination of the composition of microelements in yeast bio-
mass and autolysates showed an unexpected and important result. It
turned out that highly toxic heavy metals - cadmium and lead were
absent, both in yeast and in autolysates (Table 1). It was found that
the yeast biomass contains a fairly large amount of such essential el-
ements as zinc and iron, manganese, nickel, and copper ions, which
were contained in small amounts (Table 1).

Groups Cu Zn Fe Mn Ni Cd | Pb
X 0,0097 0,6267 | 0,4267 | 0,0500 | 0,0335

Control n/d | n/d
. 0,0012 0,0491 0,1994 | 0,0064 | 0,0061
X 0,0273* | 1,7000* | 0,5300 | 0,1503* | 0,0307

Autolysis n/d | n/d
. 0,0034 0,0100 | 0,1762 | 0,0047 | 0,0044
Autolysis X 0,0183* | 1,7100* | 0,4800 | 0,1423* | 0,0400

and Auto- n/d | n/d
clave . 0,0027 0,0173 0,0115 | 0,0017 | 0,0038

Table 1: The content of some metal ions (g/l) in the original yeast suspension
(X£SE), in water-soluble yeast components, which were obtained after 96 hours of
pre-adaptation followed by 96 hours of autolysis (55°C) and subsequent autoclaving
at 121°C (1.5atm.) within 10min. Averages from three independent experiments and
standard errors are presented; * Marked variants for which P<0.05 compared to the
original biomass; n/d — ion variants that were not detected in the samples, i.e. they
are less than 10-4 g/1.

If the autolysate was subjected to additional autoclaving, the mi-
croelement composition remained unchanged compared to the autol-
ysate (Table 1).

Therefore, Yeast VA obtained by their pre-adaptation at 6°C fol-
lowed by autolysis and autoclaving allows obtaining a water-soluble
product rich not only in proteins and amino acids, but successfully
balanced in essential microelements and does not contain toxic heavy
metals.

Discussion

Yeast Saccharomyces cerevisiae contains various biologically
active compounds that can be used in pharmacy, food industry, bio-
technology (enzymes, vitamins) and agriculture (growth stimulants).
However, their production or “extraction” from cells is associated
with great difficulties and low efficiency due to the peculiarities of the
structural organization of yeast cells [25]. Several different approach-
es have been proposed for extracting biologically active compounds

from Saccharomyces cerevisiae cells [26-29]. In the available arsenal
of methods, the autolysis method still attracts with its low cost and
ease of execution. The main disadvantage of this method is the rela-
tively low yield of the target product and the relative duration of the
procedures.

As is known, autolysis is the postmortem decomposition of yeast
cell components as a result of natural activation of endogenous hy-
drolytic enzymes [30]. The process of cell death is ensured by the
launch of a cascade of enzymatic processes. This process begins with
a violation of the barrier function of cell membranes, which leads to
a drop in the pH value in the cell to 5.0 and below, and this is accom-
panied by the activation of lysosomal hydrolytic enzymes, followed
by hydrolysis of macromolecules, partial violations of cell walls and
the release of some of the water-soluble components into the aquatic
environment [31]. Under such conditions, a relatively large part of the
macromolecules does not undergo hydrolysis and does not pass into
the aqueous phase. This can be explained by several features: most of
the proteins, sugars and lipids of the cell are part of supramolecular
complexes and are poorly soluble and/or not inaccessible to the ac-
tion of enzymes; autolysis does not create optimal physical-chemical
conditions for the activity of hydrolytic enzymes; enzyme activity is
maintained for a relatively short period of time. Under natural condi-
tions, the complete breakdown of yeast cells into molecules is pro-
vided by various groups of microorganisms. Another feature of the
autolysis process is that different authors point to different yields of
water-soluble components, i.e. on its different efficiency, even when
using similar or identical autolysis conditions [12,32].

We believe that such differences are due to the fact that the yeast
that underwent the process of autolysis were in different structural
and functional states, and this will affect the rate and efficiency of
the decay of cellular structures during autolysis. It is known that the
functional response of biological systems to external influences, in-
cluding the process of disintegration of cellular structures, depends
on the state of the system at the time of impact [32]. Water-soluble
yeast B glucan fractions with different molecular weights: Extraction
and separation by acidolysis assisted-size exclusion chromatography
and their association with proliferative activity. International Journal
of Biological Macromolecules.

We believe that when performing autolysis, it is necessary to take
into account the structural and functional state of yeast cells before
the onset of autolysis and the role of weak intermolecular interactions
in the structural and functional organization of the cell.

When evaluating the functional state of Saccharomyces cerevisiae
cells, it is necessary to proceed from the fact that yeast cells, like all
biological systems, have a high adaptive capacity. It is well known
that when the cultivation temperature is changed both downward
and upward from the optimum for a given object, the synthesis of
a large group of stress proteins is induced and the synthesis of the
main cell proteins is inhibited [33,34], along with this, pronounced
conformational changes in the structure of cell membranes [35] and
other supramolecular complexes, which is accompanied by a change
in the activity of enzymes, the intensity of respiration and the entire
metabolism. As an example of the effect of cultivation temperature on
the functional characteristics of Saccharomyces cerevisiae cells, it is
sufficient to note the fact that the optimal temperature for the growth
of Saccharomyces cerevisiae is 29°C, and for fermentation 35°C, and
lowering the temperature of the medium to 6°C reduces the intensity
of cell respiration by 5 times their optimum temperature [36].
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The results of this work showed that the cultivation of Saccharo-
myces cerevisiae cells at a temperature of 6°C for 4 days was accom-
panied by three important effects: 1- an increase in the transfer of wa-
ter-soluble components to the medium from 0.6 to 3g/1 from 24 hours
to 4 days subsequent autoclaving of such cells provided an increase in
the yield of water-soluble components by at least 50% compared with
cells that did not undergo such pre-adaptation, 3-absorption in the
region of 200-210nm after 96 hours of pre-adaptation was increased
compared to 24 hours of incubation at 6°C, i.e. there is a change in
the composition of the VC (Figure 4). Given that at temperatures be-
low 10°C, the activity of hydrolytic enzymes is very low, the overall
metabolic activity is also reduced, against this background, stress pro-
tein synthesis and protein conformational changes [37], occur. Low-
ering the temperature in the cell greatly reduces the thermal motion
of molecules, which ensures the maintenance and dynamics of weak
intermolecular interactions [38], which may be accompanied by con-
formational changes in supramolecular complexes.

It is known that it is weak intermolecular interactions that form
molecular complexes that determine all the vital processes of the cell
and the organism as a whole. As the patriarch of molecular biology J.
Watson once noted, life is intermolecular interactions [39,40].

Intermolecular interactions are represented by specific (hydrogen
bond, hydrophobic interactions, etc.) and nonspecific intermolecular
interactions [41]. If specific intermolecular interactions are relatively
well studied and ensure the maintenance of the dynamics of molecular
and supramolecular structures, nucleic interactions, enzyme-substrate
interactions, the formation of an antibody-antigen complex, etc., then
nonspecific intermolecular interactions in biological systems have not
been studied fully enough. At the same time, they can make a signif-
icant contribution to the structural and functional organization of the
cell.

Nonspecific intermolecular interactions include induction, orien-
tational and dispersion interactions. These interactions are due to in-
stantaneous dipole moments arising from the continuous movement
of electrons [42]. Since the force of attraction during dispersion inter-
actions is proportional to the length of the molecules, their role in the
formation of supramolecular complexes consisting of large macro-
molecules can be significant [15]. When the temperature of the medi-
um is lowered to 6°C, these nonspecific interactions can be weakened
and affect the destruction of weak intermolecular interactions, which
can play an important role in the partial decomposition of high-mo-
lecular complexes and their transition to the aqueous phase, and an
increase in the efficiency of hydrolysis after subsequent autolysis is
likely, which we and observed in the experiment (Figure 5).

The available data and the results obtained in this work allow us
to state the following explanations for the increase in the yield of VA
during sequential treatment of yeast cells. The transfer of a Saccha-
romyces cerevisiae cell suspension from a temperature of 20-22°C at
6°C induces a stress response, which manifests itself in the violation
of nonspecific intermolecular interactions, conformational changes in
a number of macromolecules and membrane structures, the synthesis
of stress proteins, and a change in the ratios between cell components
(Figure 5). After such a pre-adaptation of cells, the start of autoly-
sis provides a more complete release of water-soluble components of
yeast cells, both as a result of a violation of intermolecular interac-
tions and an increase in the availability of enzymes to the substrate.
(Figure 5). In the event that the cell suspension after autolysis was

Figure 5: Scheme that demonstrates the possible mechanisms for the destruction of
intermolecular (1 - non-specific, 2 - specific) and covalent bonds (3) in yeast cells
with different methods of yeast treatment, as well as the quantitative yield of wa-
ter-soluble components and their qualitative (spectral) characteristics.

subjected to additional action of high temperature and excess pres-
sure, the yield of water-soluble components increased significantly
and, moreover, the composition of the obtained components changed
(Figure 5).

This effect can be explained by the fact that under such conditions
the action of a complex of factors is ensured. First of all, the destruc-
tion of specific intermolecular interactions and the loss of specific
structures of macromolecules, the violation of some covalent inter-
actions and the systemic change in physicochemical characteristics
in the cell. The best known of which is the formation of free radicals
(OH and H), which will contribute to the partial oxidation of proteins
and nucleic acids [43]. It can be assumed that eventually these pro-
cesses will lead to additional qualitative and quantitative changes in
the water-soluble components of yeast cells (Figure 5).

It should be noted that this process of destruction of yeast cells is
stochastic, which can explain the fact that many authors obtained a
diverse composition of auto lysates.

However, the most significant and somewhat unexpected were the
data on the ionic composition of the autolysates compared to the yeast
biomass (Table 1). These results may be due to several reasons. As
is known, in the process of adaptation and death of cells, significant
changes in the ionic composition occur, of course, to the greatest ex-
tent and primarily in sodium, potassium, magnesium, and chlorine
[44]. However, numerous data indicate that there are complex mutual
influences between different ions in the cell, and a change in some
ions leads to a change in other ions [45,46]. Along with this, changes
in the ionic composition of autolysates can be associated with a differ-
ence in the ionic composition of the cell cytoplasm and cell walls [47]
and the removal of yeast cell walls will lead to a relative change in
the content of ions in the water-soluble fraction of cells. And, finally,
certain ions can be methodically detected in the auto lysate.

Regardless of the contribution of one or another mechanism to
the formation of the ionic composition of yeast autolysate, it can be
argued that it lacks highly toxic lead and cadmium and contains the
most important essential microelements (Zn, Fe, Mn) and ultrami-
croelement (Cu) in a well-balanced ratio, which makes such a prod-
uct extremely promising as a functional food additive. The results
of, he works allow us to propose a complex scheme for obtaining
water-soluble yeast components, which consist of three successive
stages: pre-adaptation; autolysis; autoclaving (Figure 5). We believe
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that a detailed study of the mechanisms of cell destruction requires
additional research, which is important not only for the practical ap-
plication of target products, but also for understanding the fundamen-
tal principles of yeast cell organization.

Conclusion

1.

Pre-adaptation of yeast to a relatively low temperature (6°C) for
96 hours contributes to the restructuring of the structural and func-
tional states of cells, which was accompanied by an increase in the
release of part of the yeast components into the medium.

. Consecutive: pre-adaptation; autolysis and autoclaving of the yeast

suspension allows almost complete separation of the water-soluble
components of the yeast cells from the cell walls.

. Optimal for obtaining water-soluble components of yeast cells is

96-hour pre-adaptation of cells at 6°C followed by autolysis for 96
hours and autoclaving for 10 minutes at 1.5atm.

. Sequential pre-adaptation autolysis and autoclaving allows not

only to increase the yield of water-soluble yeast components, but
also to obtain a product with a different qualitative composition
of amino acids, peptides, proteins and nucleic acids, but also well
balanced in essential microelements.
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