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Bioethanol production is in high demand due to its potential to replace
transportation fuel and its ability to be renewable and long-lasting. Therefore, the
bioconversion of fermentable sugars to ethanol is of central importance. The work
aimed to explore yeast properties changes during fermentation at different pHs and
temperature conditions. Biomass production, specific growth rate (SGR),
fermentation products, and metabolite composition and quantity changes were
studied at 25°C, 30°C, and 37°C as well as pH 5 and pH 6.5 conditions. SGR data
shows that at 25°C and 30°C pH 5 is optimal for yeast biomass production. At pH
5.0-6.5, the biomass production of the ATCC 9804 strain almost 2 times exceeds
the same parameter for another strain. The highest biomass production was detected
at 30°C and pH 5. Ethanol production by yeast increases as the growth temperature
decreases at pH 5 in contrast to pH 6.5, where the temperature changes within 30—
37°C range have no significant effect on it in both strains. At 30°C ethanol concent-
ration in the extracellular medium reached ~117 mM in the case of ATCC 13007
strain, whereas for ATCC 9804 the same parameter was 1.4-fold lower. Both strains
had the same substrate assimilation rate. Glycerol production reduces with
increasing growth temperature and pH; the highest glycerol concentration (6.1 mM)
was observed within 32 4 growth of ATCC 9804 strain at 25°C, pH 5 and reaches
5.5 mM within 24 h growth of ATCC 13007 strain under the same conditions. At
pH 5 and 6.5, the free energy for glycerol production was 2.3-fold and 4-fold higher
compared to that of ethanol and acetate production processes in both strains. Gibbs
free energy of ethanol production reaches the lowest value compared to the same
parameter of acetate and glycerol production at pH 5, suggesting a preference for
the alcoholic fermentation metabolic pathway under these conditions. The lowest
acetate production was observed after 24 hours of growth of the ATCC 13007 strain
at 37°C and pH 5, with AG = 173.9 kJ/mol. Obtained data highlights temperature
stress mechanisms regulation of yeast and can be used for improving ethanol
production processes and yeast genetic modification tools.
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Introduction. The continued growth of energy consumption and the
accumulation of atmospheric greenhouse gases, along with their effects on climate

* E-mail: anahitshirvanyan@ysu.am


https://doi.org/10.46991/PYSU:B/2023.57.2.141
mailto:anahitshirvanyan@ysu.am

142 EVALUATION OF ETHANOL AND BIOMASS PRODUCTION RATE ...

change, have made renewable energies, including biofuel production, one of the
main challenges of the 21st century. Biofuels are liquid or gas fuels produced from
biomass, such as organic waste materials. These fuels are in high demand due to their
significant reduction in ecological impact on global warming compared to fossil fuels
[1, 2], as well as their renewable and sustainable characteristics. [3]. This
technology’s key component is the bioconversion of fermentable carbohydrates to
ethanol [4]. According to [5], the annual global production of ethanol reached 29000
million gallons in 2019.

Saccharomyces cerevisiae, Zymomonas mobilis, and Escherichia coli have
been extensively studied and developed for the generation of ethanol. S. cerevisiae
is a preferred workhorse for the corn and sugarcane ethanol production industry [4].
A single batch of ethanol produced by some yeast strains has been reported to contain
up to 18% (v/v) ethanol [6].

S. cerevisiae is the main player in the commercial manufacture of ethanol
among the numerous yeasts that produce ethanol through sugar fermentation.
S. cerevisiae uses glycolysis to catabolize carbohydrates under anaerobic conditions,
getting two molecules of pyruvic acid. It then undergoes pyruvate decarboxylase
conversion to carbon dioxide and acetaldehyde, which is then reduced to ethanol by
alcohol dehydrogenase while simultaneously releasing NAD". As a result, the
terminal step reactions are crucial and serve as the basis for important fermentation
industries [7].

Key enzymes in the pyruvate-to-ethanol pathway in yeast cells include
pyruvate decarboxylase 1 (Pdcl) and alcohol dehydrogenases 1 and 2 (Adhl and
Adh2). The tetrameric enzyme Adhl (EC 1.1.1.1) from the yeast S. cerevisiae has
four equal subunits, each of which has a zinc ion-binding active site. Three distinct
ligands, Cys43, His66, and Cys153, let the Zn?" ion maintain its tetrahedral geometry
while leaving the fourth position open for catalysis. When the cofactor nicotinamide
adenine dinucleotide (NAD™) binds to the enzyme at the active site, a complex
known as E-NAD" is formed that binds the alcohol substrate and subsequently allows
a hydride transfer. As a result, a novel complex E-NADH aldehyde is formed. The
aldehyde product is finally released, allowing NADH to separate from the enzyme.
During catalysis, the oxygen atom of the alcohol substrate displaces a water molecule
linked to Zn?*. In this manner, zinc maintains the tetrahedral coordination of the
intermediate alkoxide [8]. Adhl (fermentation) is more activated in S. cerevisiae,
when there is a high concentration of sugar present than Adh2, which uses ethanol
as a substrate for respiration and biomass production [9] (see Fig. 1).

It is important to understand the metabolism regulation system’s responses
under different conditions. The dynamic changes during fermentation under different
conditions, especially under stressful environmental conditions, have not been well
characterized [10]. Yeast cells frequently experience unpleasant conditions when
producing particular products. For instance, during the processing of lignocellulosic
biomass, hazardous concentrations of inhibitors may be released. Acetic acid, formic
acid, furfural and other acids are some of these inhibitors. Additionally, slightly high
temperatures (35-39°C) are desired to perform simultaneous saccharification and
fermentation to relieve inhibition of enzyme activity [10]. Additionally, during the
production of ethanol, the temperature within a bioreactor may increase from 30°C



SHIRVANYAN A. H. 143

to roughly 40°C. High temperatures disable cell growth and the metabolic activity of
yeast cells, which lowers ethanol productivity and yield. Therefore, the use of
thermotolerant microbes is promising to solve the problem of ethanol production at
high temperatures [11]. It is crucial to investigate the relationship between
metabolism regulation systems and energy balance with different operating
conditions improving the ethanol production efficiency of microbial cell factories.
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Fig. 1. Alcohol dehydrogenases isozymes function during fermentation and respiration.

This work aimed to study the effect of growth temperature on ethanol
production rate and metabolites profile of S. cerevisiae wine and beer strains.

Materials and Methods.

Growing Media and Cell Culture Preparation. Both, S. cerevisiae ATCC
9804 and ATCC 13007 strains (American Type Culture Collection, USA) used in
this study have been purchased from Microbial Depository Center of Scientific and
Production Center “Armbiotechnology” NAS RA. The S. cerevisiae ATCC 9804
strain was isolated from palm wine [12], whereas the S. cerevisiae ATCC 13007
strain is a lager brewing strain [13, 14]. Strain selection was based on their
biotechnological potential. The YPD medium (1% yeast extract, 2% peptone, and
2% dextrose) was used to grow the yeasts, and agar (2% w/v) was added for solid
cultures. Single colonies were used to inoculate liquid cultures (5-15 mL), which
were then incubated at 30°C overnight. After that, 3% v/v inoculum was added to a
sterile YPD medium [15] and incubated at 25-37°C in a microaerophilic (250 mL
medium in a 250 mL conical flask, without shaking) environment. K;HPO4 or 0.1 N
HCI was used to change the pH of the medium [16-18].

Following the optical density (OD) readings of culture absorbance under the
wavelength of 600 nm against the medium as a blank, the yeast biomass growth was
examined using a double beam UV-VIS spectrophotometer (Cary 60, “Agilent
Technologies”, Germany) [19-21]. When the yeast growth curve was linear, the
specific growth rate (SGR) was estimated as the ratio of the logarithmic difference
between a doubled optical reading and doubling time [22].

Organic Acids, Alcohols, and Sugar Determination. Organic acids (acetate,
succinate), alcohols (ethanol, glycerol), and sugars were identified with high-
performance liquid chromatography (HPLC, Agilent 1260 Infinity II LC Bioinert)
with a refractive index detector (Agilent RID, G1362A, set on positive polarity and
optical unit temperature of 55°C) [23]. Data were processed with the Agilent
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OpenLAB CDS system. The column (Macherey-Nagel EC 250/4.6 NUCLEOSIL
120-5 C18 column (250 x 4.6 mm, MN720041.46, Diiren, Germany)) previously
was purged with acetonitrile/water (1:1) at 60°C and then in 10 xL of each sample
was injected. The separation of organic compounds was carried out with mobile
phase (5 mM sulfuric acid in ddH,0O) in 42 min analysis time with 0.4 mL/min flow
speed [24]. The concentrations of dissolved chemicals were calculated using the
standard curves.

The data obtained by HPLC are used to describe several metabolic processes.
Substrate utilization and metabolites production rate was calculated as the difference
in concentration (mM) for the given growth period. Carbon conversion efficiency
(CCE) was determined by following equation:

oCE = 252 1009
T AG o
where AC; is the difference in substrate carbon concentrations during a given growth
period and AC, is the difference in fermentation product carbon concentrations
during the same growth period, mM [24, 25]. Fermentation balance was calculated
by the difference in carbon concentration at the stationery and lag growth phase
expressed in %. Gibbs free energy was calculated by the following the Josiah Willard
Gibbs equation (1870): AG = AG° + RT In Q, taking into account the following
AG® values [26]:

—202.4 kJ/mol at pH S and
Glucose + 2 H20 = 2 Ethanol +2 COz; —219.5 kJ/mol at pH 6.5

Gl +2H0+ 4 NAD" = 2 Acctate +2 CO» + 4 NADH + H' ooy /imolat pH 3 and
ucose 2 = < Acetate 2 —252.8 kJ/mol at pH 6.5

—75.9 kJ/mol at pH 5 and
Glucose + 2 NAD" = 2 Glycerol + 2 NADH + H* —42.9 kJ/mol at pH 6.5

Chemicals and Data Processing. Glucose, peptone, agar, yeast extract, (“Carl
Roth GmbH”, Germany), Succinate (“Sigma Aldrich”, Germany), and the other
reagents and chemicals of analytical grade were used.

Each data point represented was averaged from independent triplicate cultu-
res: the standard deviation was not more than 3%. Statistical analysis was performed
by using Student’s z-test [27, 28]. Graph presentations were carried out using the
GraphPad Prism 8.0.2.263 software (San Diego, CA, USA) and MS Excel [29].

Results and Discussion. Optimization of industrial processes requires as high
as possible specific growth rate and biomass yield. Many industrial related factors
such as high sulfite dosage, high sugar concentration related osmotic stress, high
organic acids and alcohols (ethanol and glycerol) can affect on the yeast leading to
loss of vitality. Inability to adapt to unfavorable temperature and pH can result in
cell death and modify the manner, in which that biomolecular systems work. We
were interested in determining, which temperature S. cerevisiae exhibits the highest
metabolic rate while performing aerobic respiration. Literature lists a wide range of
optimal growth temperatures for yeast, including 25°C to 30°C [30], 30°C to 33°C
[31], as well as 25°C to 35°C [32]. Our study aimed to determine, which temperature



SHIRVANYAN A. H. 145

was closest to the optimal temperature for the metabolism, biomass and ethanol
production in S. cerevisiae. Previously we have shown that S. cerevisiae ATCC 9804
is more stable against to temperature and pH changes than S. cerevisiae ATCC 13007
during microaerophilic growth [33]. Growth temperature rise stimulates higher SGR
value (Fig. 1), which may be conditioned with the increased fermentation enzymes
activities. The only exception is growth pH 5 for ATCC 9804 strain, which optimally
growth at 25°C in these conditions. At 25°C and 30°C SGR of yeast is higher at pH
5 than at pH 6.5. SGR of S. cerevisiae ATCC 9804 at 37°C, pH 6.5 exceeds the same
parameter at pH 5 by 1.51 times, whereas for S. cerevisiae ATCC 13007 it was 1.1
times. These results are in good conformity with [34], who showed that rise in
temperature (35-45°C) and ethanol concentration challenges the yeasts growth
parameters during sugar fermentation: as the temperature rises, yeast’s growth rate
and metabolism accelerate until they reach the optimal level.
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Fig. 2. Specific growth rate and dry weight of S. cerevisiae different strains depending on growth
temperature (25-37°C) and pH (5 and 6.5)

Growth yield analysis showed that in both pH 5 and pH 6.5 the biomass
production activity of the ATCC 9804 strain almost 2 times exceed the same
parameter for another strain. Biomass production reduction may be replaced with a
high carbon dioxide production rate with is typical for beer strains such as ATCC
13007 [35]. The highest biomass production was detected at 30°C and pH 5 growth
conditions (Fig. 2). pH and temperature affect the yeast growth lag and exponential
phase, but not the stationary phase, which results in almost the same biomass
production rate at different conditions. In comparison with SGR results growth yield
studies showed that the latter is not pH and temperature dependent, which may be
conditioned by the adaptive ability of yeast to those conditions.

The ethanol concentration was strongly affected by both cell concentration
and pH. Previously shown that high temperatures inhibit cell growth and the
metabolic activity of yeast cells, resulting in a reduction in ethanol yield and
productivity [36]. Results show that at pH 5 ethanol production ability of yeast
increase as the growth temperature decreases, while at pH 6.5 the temperature
changes at the 30—37 range have no significant effect on ethanol production in both
strains (Fig. 3). Ethanol production rate reaches the same values for both strains at
pH 6.5. The ethanol production capacity of ATCC 13007 is slightly higher than
ATCC 9804. Thus, at 30°C ethanol concentration in the extracellular medium
reached 117.25 mM in the case of ATCC 13007 strain, whereas for ATCC 9804 the
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same parameter was 1.4-fold lower. The maximal ethanol yield was obtained during
glucose fermentation at 25-30°C, pH 5 by S. cerevisiae ATCC 13007. Other works
have shown that maximum ethanol concentration (73 mM) was achieved at pH 5.5
after 15 4 of fermentation [36], as opposed to which these strains demonstrate
maximal ethanol production at 24-32 / of growth.

S. cerevisiae S. cerevisiae S. cerevisiae S. cerevisiae
ATCC 9804 ATCC 13007 ATCC 9804 ATCC 13007

7528 76.40 81.41 81.64

T T T T
pHS pHB6.5 pHS pHB6.5

80 90 100 110 8 10 12 14
Ethanol concentration (mM) Acetate concentration (mM)

Fig. 3. Heat maps of maximal ethanol and acetate production by different strains of S. cerevisiae.

Increased ethanol concentration during fermentation can impede the
development and viability of microorganisms [34]. In the presence of excess ethanol
yeast can exhibit reduced cell viability and growth, such as a decrease in cell volume.
There can also be effects on yeast metabolism (e.g., stress-response proteins, lowered
protein levels, and denaturation), cell structure, and membrane function (e.g.,
inhibition of endocytosis, loss of electrochemical gradients). Ethanol toxicity to
yeast is primarily due to cell membrane damage. However, maintaining an ion
balance (e.g., magnesium and potassium) can provide the membrane with protective
effects from ethanol toxicity and temperature changes [2].

By comparing the results of ethanol and acetate production, we can notice that
temperature and pH decrease affects similar in both products accumulation. Acetate
concentration reaches its highest rate (14 mM) during 24 h of growth ATCC 13007
at pH 5 and 25°C, and the lowest production was observed when the same strain was
grown at 37°C and pH 5 conditions. Acetate accumulation in growth medium
decreases pH, which leads to cell viability loss. So lower SGR and biomass yields at
25°C may be conditioned with high fermentation products levels, as well as by-
products accumulation.

Metabolites HPLC analysis results are summarized in Tab. 1.

Results show that both strains have the same substrate assimilation rate and
110 mM glucose is completely consumed within 24 £ reaching the glucose assimi-
lation rate of 4.6 for both strains. Although strains differ with ethanol production
rate; at pH 5 in all growth temperatures ethanol production rate of ATCC 13007
strain, 1.1-1.8 times exceeds the same value for another strain in contrast to pH 6.5,
where this value is almost the same for both strains. At higher pH alcohols and acids
ratio remains at lower values indicating that at pH 6.5 more acids and low alcohols
produced than at pH 5. Results show that at 25°C and 37°C glycerol production has
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the same manner for both strains contrary to 30°C, pH 6.5 conditions where ATCC
13007 produces 35.1% more glycerol than ATCC 9804 strain. Glycerol production
reduces in correlation with temperature and pH arise; the highest glycerol level
(6.1 mM) was observed within 32 4 growth of ATCC 9804 strain at 25°C, pH 5 and
reaches 5.53 mM within 24 h growth of ATCC 13007 strain at the same conditions.
Glycerol formation plays a major role: it regulates intracellular NADH/NAD" ratio,
acts as an osmoregulator, and prevents cells from freezing by acting as an anti-
freezing agent [37, 38].

Table 1
24 h growth analysis of S. cerevisiae different strains metabolites depending on
growth temperature (25-37°C) and pH (5 and 6.5)
ATCC 9804 ATCC 13007
Gluc AR, | EtPR, |(Et+Glyc)| CCE, FB, [Gluc AR| EtPR, |(Et+Glyc)| CCE, FB,
mM/h mM/h | (ActSuc) % % mM/h | mM/h | (ActSuc) % %
25°C

pHS | 4.6+0.1 |3.1£0.09| 6.8+0.2 |60.2+1.8| 62.1£1.9 | 4.6+0.1 | 3.6+0.1 | 7.1+0.2 | 93.5+2.8 | 68.5+2.0
pH 6.5| 4.6+0.1 | 3.2+0.1 | 6.2+0.19 |91.842.8| 60.4+1.8 | 4.6+0.1 | 3.3+0.1 | 6.7+£0.2 | 71.9£2.2 | 62.5+1.9
30°C
pHS | 4.6+0.1 |2.5+0.08| 7.7+0.23 | 59.7+1.8| 47.7£1.4 | 4.6+£0.1 | 4.4+0.1 | 8.6+0.3 | 98.2+2.9 | 74.2+2.2
pH 6.5| 4.6£0.1 |2.9£0.09| 6.1£0.18 | 59.7£1.7| 50.8£1.5 | 4.6+0.1 |2.3+£0.05| 5.2+0.2 | 44.9+1.3 |45.1£1.35
37°C
pHS | 4.6+£0.1 |2.0£0.06| 6.3+0.19 | 58.6+1.8| 44.5£1.3 | 4.6+0.1 | 3.3+0.1 | 11.1+0.3 | 74.7+2.2 | 55.4+1.7
pH 6.5| 4.6+0.1 |2.7+0.08| 8.1+0.24 |62.6+1.9| 48.6+1.5 [ 4.6+0.1 | 2.8+0.08| 8.5+0.2 | 66.6+2 | 55.3+1.7

Abbreviation: Gluc — glucose, Glyc — glycerol, Et — ethanol, Ac — acetate, Suc — succinate,
AR — assimilation rate, PR — ethanol production rate, FB — fermention balance.

Trace amounts of succinate are detected by HPLC by both strains at 25°C and
pH 5, but not at higher temperatures. Succinate is produced by the metabolic
respiration pathway during microaerophilic growth and is constantly involved in
successive reactions of the Krebs cycle and did not secrete to the extracellular
medium and captures a very small amount in the carbon conversion process. There
may be several reasons for this. First of all, succinate is a weak acid, although when
secreted into the extracellular environment, it can carry protons, which will lead to
an increase in intracellular pH and membrane potential, which is inefficient for the
cell. Furthermore, the free energy was almost 2 times higher (—124 kJ/mol) than that
of ethanol production (-203.75 kJ/mol) at 25°C, pH 5, which facilitates succinate
production in trace amounts (2-3 mM).

Gibbs energy studies (Table 2) show that the free energy for alcoholic
fermentation reaches its lowest state at pH 5, compared to the same parameter for
acetate and glycerol production. This is why ethanol is the predominant end product
in yeast at pH 5.

The temperature does not affect the free energy values of alcoholic
fermentation, but it has important role in regulation of acetate production rate in both
strains. The higher acetate production rate at 25°C and pH 5 conditions can be
attributed to the high fermentation efficiency of yeast, while, for example, at 37°C,
the lowest acetate levels were recorded, as indicated above. Besides that, it was
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shown that at pH 4.5 the uncharged acetic acid molecules enter cells by facilitated
diffusion through the Fps1p aquaglyceroporin channel, encounter a more neutral pH
in the cytoplasm and dissociate into acetate and protons. The protons lead to
cytoplasmic acidification thereby inhibiting important metabolic processes [39].

Table 2

Gibbs free energy changes (AG, kJ/mol) of S. cerevisiae different strains during different alcohol,
acetate and glycerol production processes depending on temperature (25-37°C) and pH (5 and 6.5)

ATCC 9804 ATCC 13007
Et | Ac | Glyc Et | Ac | Glyc

25°C

pHS | —203.75+6.1 |-179.86+5.4 | —84.14+£2.5 | —202.78+6.08 | —176.79+5.3 | —83.69+2.5

pH 6.5 | —219.94+6.6 | —259.0+7.8 | —51.38+1.5 | —220.5246.6 | —259.95+7.8 | —50.47+1.5
30°C

pHS | —203.63£6.1 |-179.63+£5.4| —84.2+2.5 —202.59+6.1 | —177.75£5.3 | —83.89+£2.5

pH 6.5 | —220.85+6.6 | -246.05£7.4 | —52.86+1.6 | —221.5446.5 | —266.89+7.7 | —52.0+1.5
37°C

pHS5 | —204.02+6.1 |-178.04+5.3 | —85.38+2.6 | —203.26+6.1 | —-179.3+54 | —86.12+2.5

pH 6.5 | —220.79+6.3 | 262.83£7.8 | —51.91£1.5 | —220.65+6.6 | —262.2+7.9 —51.1+1.5

Weak acids such as the above—mentioned succinate or acetic acid, induce
activation of the proton—translocating ATPase Pmalp in yeast plasma membrane,
which pumps out the protons generated by weak acid dissociation in the cytosol in
an ATP-dependent manner. This ensures the maintenance of the electrochemical
potential across the plasma membrane regulating ion and pH balance and providing
energy for nutrient uptake [39].

Glycerol production Gibbs free energy was 2.1-2.3-fold and 4-fold higher
compared to ethanol and acetate production processes at pH 5 and pH 6.5,
respectively. This explains the higher glycerol production rates at lower pH.
However, taking into account its roles (regulates intracellular NADH/NAD ratio,
osmoregulatory, and antifreezing agent) for yeast metabolism and stress (e.g., acidic
stress) resistance mechanisms regulation for improving ethanol production
efficiency it is assumed that it would be more reasonable to genetically modify the
pathway of acetic acid formation, which would lead the ethanol yield not only at
pH 5, but especially at pH 6.5. Nevertheless, further experiments needed to confirm
or reject the hypothesis.

Conclusion. Increasing growth temperature activates yeast’s SGR. At 25 -30°C pH
5 was optimal for growth of both stratins. SGR of S. cerevisiae ATCC 9804 at 37°C,
pH 6.5 exceeds the same parameter at pH 5 by 1.5 times, while forS.
cerevisiae ATCC 13007, it was 1.1 times higher. The biomass production activity of
the ATCC 9804 strain is nearly double that of the other strain at both pH 5 and pH
6.5. The highest biomass production was achieved at 30°C and pH 5. At pH 5,
ethanol production ability of yeast increases as the growth temperature decreases,
whereas at pH 6.5, changes in temperature within the 30-37°C range have no
significant effect on ethanol production in both strains. The extracellular medium's
ethanol content for the ATCC 13007 strain reached 117.25 mM at 30°C, but it was
1.4-fold higher for the ATCC 9804 strain. The maximal ethanol yield was obtained
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during glucose fermentation at 25-30°C and pH 5 by S. cerevisiae ATCC 13007.
The substrate assimilation rate is equivalent for both strains. At pH 5, in all growth
temperatures, ethanol production rate of the ATCC 13007 exceeds that of the other
strain by 1.1-1.8 times. At 25°C and 37°C, glycerol production behaves similarly for
both strains, contrary to the conditions of 30°C and pH 6.5, where ATCC 13007
produces 35.1% more glycerol than ATCC 9804. Temperature and pH cause a
decrease in glycerol synthesis; the highest glycerol level (6.1 mM) was observed
within 32 hours of ATCC 9804 strain growth at 25°C and pH 5, whereas it reached
5.5 mM within 24 hours of ATCC 13007 strain growth under the same conditions.
Gibbs energy studies show that at pH 5, ethanol fermentation reaches the lowest free
energetic state compared to acetate and glycerol production. This is why ethanol is
the predominant end product in yeast fermentation at pH 5. Temperature does not
impact free energy values but does have an influence on acetate production rates in
both strains. Glycerol production Gibbs free energy was 2.1-2.3-fold and 4-fold
higher compared to that of ethanol and acetate production processes at pH 5 and pH
6.5, respectively.

Obtained data highlights temperature stress mechanisms regulation of yeast and can
be used for improving ethanol production processes and yeast genetic modification
tools.
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u. <. shrduL3UL

SACCHAROMYCES CEREVISIAE-b SUCPG GSUUGL Db UN1UDbS
EfUULALR B4 U6LUU2ULAJIUOh UNSU R NRE8UL
ULUGNFE8UL GLUKUSNFUL UUudUG Q6LAUUUShEULHRS
Gd. UrSULhy pH-h3

Uthuwkpwinh wpmunpnipniip 4kd yuhwbywnl nibh® mpubuwnp-
wughtl Juntjhpuyht dhonghitipp thnpuwphbtigne dtpnidh b Jhipuubqiynn
1httnt nLbwynipyub 2tGnphpy, ntunp fudnpynn Jwpwpitph tpwingh Yhhuw-
Jtputhnpunidp wnwbgpuwyhtt ipwbwnipynih nibh: Whwwmwiph tuyumwli b
tinti] nuunidtwupply fuwdnpuubtiftiph hwnnipgnibdbtiph thnthnjunienibhotpp
hninpdwh phpwgpnid mupptip pH-ttiph bk gipdwumhbéwbbtph yuydwbbbipnd:
Uhituwquitigquoh wpmuwnpnipjul, widwh mtuwjupup wpwugnipyub (SGR),
hinpdwlh - wpquuppttiph . dhotnpnuiynipbph juqdh W pwbwyh
thnthnpunipynLbbitint ntunuitwuhpyly Gt 25 °C, 30 °C W 37 °C, hyybu wle pH
51 pH 6.5 qquyiwbdtpnid: SGR-h wyjuditipp gnyg it mughu, np 25 °C 0 30 °C
stipdwumhbwbinid pH 5-p oywhdw) E hudnpuubtltiph  Yhhuwquibgyuosh
wnununpnipjul huiwp: pH 5-6.5 wpdtiptipmyd ATCC 9804 nunth fhbuw-
quiguoh wpmunpnipyui wjmhynipyniip gptipth 2 wiqud gipuqubgnid k
Wniu pnwihl: Yhhuwqubgqyuoh wdkbwpupdap wpmunpnipyniop hwymbw-
ptpygty £ 30°C L pH 5 wuydwbbtipnid: pH 5-nid Lpwiinth wipmunpnigniip
hninpuutijtiph Ynnihg wénid £ oipdwumhbéwbh tuqiwb htin, dhivntin pH
6.5-n1d otipdwumnhbtwbh thnthnpunipyniap 30-37°C dhpwuypnid buljub wgnbi-
gniynill snibh Epwinh wpmunpnipyut ypuw tpyne pnwdtbpnid B 30°C
etipdmumhéwbtinid  Epwbinh Ynbghmpughwt wipmupeeuyhtt dhewjuypnid
hwuty £ 117,25 dU-h ATCC 13007 pnnudh ntiypnid, dhtsntin ATCC 9804-h
ntiypnid tnybh yupwdbunpp 1.4 wbqud guop k tnt: Gpyne punudbtpb nubtb
unipunpunh jnipugdwd nyh wpugnipniip: Ghgbipnih wpmunpnipmibp
juqnid £ gipdwumhéwmbh b pH-h weht gniquhtin. qihgtipnih witimpunan
dwljupnuiyn (6,1 ¥U) nhnygl £ ATCC 9804 pynundh 32 ¢ wibh phpwugpnid 25°C-
nid, pH 5 L hwubtmid £ 5.53 4U-h ATCC 13007 pmmudh 24 ¢ phipugpnid tnybh
wuydwbitipnid: Ghgbpnih wipmunpnipyud wquwn tatipghwb 2.1-2.3 whqud
0 4 whqui wybtih pwpép t tnt) Epuwbinh b pugwhuweeyh wipmunpnipjub
gnpopbipwgitiph wqun titipghuyh hwdtidwwn pH 5 W pH 6.5 yquypdwbbbipnid
huduyuwumwupiuwbiwpwn: Epwinth pdnpdwd hudwn @hpuh wqun Latinghw
hwuimd ' iJuqugnylt wipdtiph® hwdtiiwmnmws wgbmwwnmh U qlhgbiphtih
wpununpnipjul htim pH 5-nid, htmbwpwp woéhiwdth  thnpuwultipynidp
plipwind £ hhdtwwbinid wjynhnh fudnpdwd awmbttwmwuphny: Wdkiimgwuon
wghnmwumh wpmuwnpnigmibp qpubgyly £ ATCC 13007 pmmudh wbeh 24 d-h
pipwugpnid 37 °C U pH 5 wuwydwbibpnid, AG=173.9 §Q/in: Umwugyud
nyjujiitipp pingonid Gt adinpuubdljtiph etipdwumhéwbth tundwdp upptuh
dthowbhqutbiph  jupgquynpnuip b Jupnn G oquuwugnpdyty  Epwinh
wpununpnipjubl - gnpopbipwgtipnpn . Lt podnpuutijtiph - glibmhujut
Guwnunupughwni pyub gnpdhpltinp pupbpuybine hudwn:
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A. A IIMPBAHSH

OLEHKA CKOPOCTHU IMPOLAYKILIMN 3TAHOJIA U BMOMACCHI
PA3JIMYHBIMU IITAMMAMU SACCHAROMYCES CEREVISIAE
B 3ABUCHUMOCTU OT TEMIIEPATYPBI 1 BHEHIHEI'O pH

IMpousBoxcTBO OMOAITAaHOTA HAXOAWTCA B BBICOKOM CIPOCE H3-3a €ro
IOTEHIMaNa 3aMEHUTh  TPAHCIIOPTHOE TOIUIMBO U CHOCOOHOCTH  OBITH
BO30OHOBIIIEMBIM M J0NrOBeuHbIM. [loaTOMy OmOKOHBepcHs (pepMEeHTHPYEeMBIX
caxapoB B TAHOJI MMEeT LIEHTpaJibHOE 3HaueHHe. PaboTa HampaBiieHa Ha W3y4YCHHUE
WU3MEHEHUH CBOWCTB JIpOXKKel BO BpeMs (DepMEHTAIMH TIPU PA3TTMYHBIX 3HAYCHHSX
pH u Temneparypubix ycioBusax. [IpomsBoacTBo Onomacchl, yAenbHash CKOPOCTh
pocta (YCP), npoaykuus ¢epMeHTalIMH W HM3MEHEHHUs] COCTaBa M KOJIMYECTBA
MeTabonmuToB m3ydanuch npu Temmeparypax 25 °C, 30°C u 37 °C, a taxke mnpu
yenoBusix pH 5 u pH 6.5. Jlanasie mo YCP mokassiBatoT, uto npu 25°C u 30°C
ONTHMAIIBHBIM I TIPOM3BOACTBa Omomaccel nposxokeil sBisiercss pH 5. Ilpm
3HadeHusx pH ot 5 1o 6.5 npousBoacTBo 6uomMacchl mramma ATCC 9804 mourtu B 2
pasa TpeBBIIIAET TakoW >K€ MapaMeTp A APYroro mramma. MakcuMmaibHOoe
npou3BOACTBO Oromacchl Obuio oOHapyxkeno mpu 30 °C u pH 5. IlpomsBoactso
3TaHOJA IPOOKAMH YBEJIMUMBACTCS IPH CHUO)KEHUU TeMIIepaTypsl pocta ipu pH 5, B
otnuuune ot pH 6.5, rae uamenenus remmneparypsl B quamnasone ot 30 °C go 37 °C e
OKa3bIBAIOT 3HAYMTENFHOTO BJIMSHWS Ha Hero B oOomx mramMmax. I[lpm 30°C
KOHLEHTpaIUsl 3TaHOJIa BO BHEKIETOUHOU cpene nocturia ~117 mM B ciydae
mramma ATCC 13007, B To Bpems kak jyig mramma ATCC 9804 stot xe mapameTp
obu1 B 1.4 pa3a Hmke. OGa mramMma UMEIH OJUHAKOBYIO CKOPOCTh aCCUMMUIISLIMU
cyoctparta. IIpon3BOACTBO IJIMIIEPHHA YMEHBIIAECTCS C YBEIUUYEHUEM TEMIIEPATyphI
pocta u 3HaueHus pH; MakcumanpHas KOHUEHTpauus riunepuHa (6.1 mM)
HaOmoaanace npu 32-yacoBoM pocte mramma ATCC 9804 mpu 25°C u pH 5 u
nmocturana 5.5 muM npum 24-gacoBom pocte mramma ATCC 13007 mpu Tex xe
ycnoBusix. [pu 3Hauennsx pH 5 u 6.5 cBoOoHASI SHEPTHS TPOU3BOICTBA TIUIIEPUHA
Obu1a B 2.3 pa3a u 4 pa3a BBIILIE 10 CPABHEHHUIO C TAKUM K€ TIApaMEeTPOM MTPOU3BOICTBA
3TaHOJNAa W areTata B o0omx mrammax. CBoOoaHas sHeprus ['mbOca mponsBoacTBa
3TaHOJIA JOCTUIaeT HAUMEHBILIEr0 3HAUCHNUS 110 CPAaBHEHHIO C TAKUM K€ ITapaMeTpoM
MIPOM3BOJCTBA aleTaTa M TIMIEpUHA NpH 3HayeHusx pH 5, 4ro ykas3piBaeT Ha
NpPEANOYTECHHE  aJKOTOJBHOTO  METabOJMMYEeCKOTO TYTH B OTHX  YCJIOBHSX.
Haumenbliiee npon3BoACTBO arieTaTa HaOIIOJAIOCH 1OCie 24 4yacoB pocTa MITaMMa
ATCC 13007 mpu 37°C u pH 5, ¢ AG = 173.9 x/Jowc/mone. 1lonydaeHHple naHHBIE
MOYEPKUBAIOT MEXaHU3MBI PETYJISILIMYU CTpecca OT TEMIIEpaTyphl Y APOAOKEH U MOTYT
HCTIONIb30BAThHCS IS YIIyUIICHNS IPOLIECCOB TPOU3BOACTBA 3TAHOIA U HHCTPYMEHTOB
TEHETHYCCKOM MOTU(DUKAIINN TPOIKKEH.



