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Saccharomyces cerevisiae is an essential component of human civilization
because of its extensive use in food industry. At the point of industrial usage it is
very important to get large amount of biomass but many factors causes yeast’s
viability loss and death. The aim of this work was to study the peculiarities of growth
parameters — specific growth rate (SGR, y, growth yield) of S. cerevisiae wine and
beer strains under different external conditions, as well as pH and oxidation-
reduction potential (ORP) changes during growth. It was shown that under aerobic
cultivation, the conditions 30°C and pH 6.5 are more favorable for the growth of
2 strains (ATCC 9804, 1 =0.398; ATCC 13007, « = 0.407), where they can enhance
the biomass, and under microaerobic conditions the pH 5.0 and 37°C are more
favorable (ATCC 9804, x = 0.35; ATCC 13007, x = 0.436). During aerobic
conditions, lower ORP values are established which did not depend on growth
temperature and external pH. Under microaerobic conditions until the establish-
ment of the stationary phase (24 h) pH dependent changes of ORP were established.
Obtained results will help to clarify the biochemical, biophysical and bioenergetic
phenomena of yeast survival that can enhance the biomass growth and yield and
thus applied industrial scale.
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Introduction. Yeasts are the main source of different compounds, such as
proteins, lipids, nucleic acids etc. S. cerevisiae yeasts are widely used in the making
of bread, wine, beer and cider; distilled beverages, such as rum, vodka, whisky,
brandy, and sake since ancient times [1, 2]. They are also convenient organisms for
using in genetic engineering, and thus we can obtain different valuable compounds,
such as nutritional supplements, medicines, enzymes etc. These yeasts can be also
used in bioremediation processes [3]. Advantages of S. cerevisiae is that they can be
easly grown in cheap medias and genetically manipulated [4].

The preservation of biotechnological interest yeasts is a relevant topic both
from a scientific and economic point of view. S. cerevisiae is an essential component
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of human civilization, because of its extensive use in food and beverage fermentation
in which it has a high commercial significance. In the European yeast industry, a
1 million tons is produced annually, and around 30% of which is exported globally.
The global market’s annual growth rate was 8.8% from 2013 to 2018 [2].

At the point of industrial usage it is very important to get large amount of
biomass. Hydric, thermal, nutritional and oxidative fluctuations are among the main
causes of the yeasts’ viability loss. Moreover, many factors, such as different
stressful factors (for example high concentration of by products) can damage cell,
therefore lead to cell death, and thus to the reduction of biomass producing. Despite
this, new food applications require non-genetically modified strains, free of chemical
additives and cells capable of resisting processing [5].

Thus, the fundamental question is to understand the biochemical, biophysical
and bioenergetic phenomena of yeast survival that can enhance its preservation and
thus control them in industrial scale.

Oxidation-reduction potential (ORP) reflects valuable metabolic information
with the cultivation of aerobic and microaerophilic microorganisms [6]. ORP of
fermentation systems is a combination indicator for pH, dissolved oxygen and
metabolism with a large number of redox pairs, and the intracellular redox balance
and physiology of cells at multiple metabolic levels can be partially determined by
extracellular ORP. Regulation of extracellular ORP has been shown to enhance stress
tolerance of yeast to high-concentration ethanol. At the same time, chip analysis for
gene expression also showed that the changes of ORP correlated with the expression
of many stress response pathways such as the heat shock protein (HSP) family [6].

Considering the importance of the above problem the aim of this work was to
study the peculiarities of growth parameters (SGR, growth yield) of S. cerevisiae
wine and beer strains under different external conditions, as well as pH and ORP
changes during aerobic or microaerobic growth.

Materials and Methods.

Yeast Strains and Growth. Two strains of yeasts, used in this research
S. cerevisiae ATCC 9804 and S. cerevisiae ATCC 13007 (American Type Culture
Collection, Manassas, USA) were purchased from Microbial Depository Center of
Scientific and Production Center «Armbiotechnology» NAS RA. Yeast were grown
in YPD medium (1% yeast extract, 2% peptone, 2% dextrose) overnight, then 3%
inoculum were transferred in sterile YPD medium with different pH, which was
adjusted to required values with K;HPO4to pH 6.5 or to pH 5.0 by 0.1 normal HCI
[7-9]. Yeasts were grown 48 h aerobically (200 mL media in 500 mL conical flasks,
130 rpm rotary shaking) and microaerobically (250 mL media in 250 mL conical
flasks, without shaking). The shaking speed was selected based on a previous study
that found that optimum agitation speed is 130 rpm [10].

The yeast biomass growth was studied with double beam UV-VIS
spectrophotometer (Cary 60, “Agilent Technologies”, Germany) following the
optical density (OD) readings of culture absorbance under the wavelength of 600 nm
against the medium as blank at half hour intervals [11-13].

The yeast SGR calculated using the following equation, u:

__In(0ODy) — In(0ODy)
ta—t1

)
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where OD, and OD; are the ODs of the microbial culture at t, and t; hours,
respectively, moreover in (t—t1) hour OD,:OD:=2 [14]. Growth Kkinetics of
S. cerevisiae ATCC 9804 and S. cerevisiae ATCC 13007 strains was presented in
Fig. 1, which was used for determination of culture doubling time. For other
conditions the same principle was applied [15].
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Fig. 1. Growth kinetics of S. cerevisiae cells in batch culture in YPD at 30°C
and pH 6.5. Determination of ORP and external pH.

Growth yield was stated as the difference of maximum and initially biomass
(mg) by using biomass — OD standard curve of each strain [16]. The collected
biomass was centrifuged at 6000 G/ min at 4°C and washed two times with distilled
water. The resulting precipitate was dried at 105°C for 4 h and the yeast biomass was
measured with an analytical balance [17].

During yeast growth pH, ORP changes were measured. External pH was
measured by Milwaukee MW151 MAX pH/ORP/Temp Logging Bench Meter
equipped with MA917 pH electrode. ORP measurement were done by lonometer
I-160.1MP (Republic of Belarus, Gomel Plant of Measuring Devices) by using
titanium-silicate (Ti-Si) and platinum (Pt) electrodes at 25+1°C. ORP electrode was
calibrated by 16.13 g-L™" Ks[Fe(CN)s] and 21.12 gL' Ka[Fe(CN)s] (pH 6.86)
reference solution, where the ORP was 254+10 mV at 25°C [14, 18].

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

Sample averages were compared to measure significance of the difference
using Student’s t test. Each experiment was repeated three times.

Results and Discussion. Environmental conditions affect almost all physical
and biological processes. Ensuring robustness in performance during varying
environmental conditions can be an important requirement in these processes [19].
In addition, the conditions during growth also influence subsequent survival [20].
For this reason, to achieve desired performance of a synthetic circuit outside
laboratory-controlled environment, it is important to design temperature robustness.
Failing to respond to non-optimal temperature and pH can cause cell death as well
as alter functional properties of biomolecular systems. Industrial process is largely
affected by growth rate of the organism such as yeasts. Thus, microbial growth rate
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is an important parameter and it is necessary to understand how this parameter
depends on temperature [19, 21]. This can provide us important insight regarding
role of temperature in these processes as well as can help design techniques to
enhance robustness to temperature variations. While the dependence of yeast growth
on different temperatures has been well studied for many species, prediction of yeast
growth rate for dynamic temperature changes is relatively unclear [19]. In this work
we studied the effect of temperature changes (25-37°C) and pH (5.0 and 6.5) of
media in the SGR of S. cerevisiae yeasts (Fig. 2).
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Fig. 2. SGR of S. cerevisiae strains (a, b — ATCC 9804; ¢, d — ATCC 13007) grown under different
conditions (a, ¢ — aerobic growth condition; b, d — microaerobic growth conditions) depending
on temperature.

In aerobic conditions at 30°C SGR of S. cerevisiae ATCC 9804 1.33 times
exceeds the same parameter under microaerobic condition at pH 5.0 and 1.63 times
at pH 6.5, which may be due to greater tolerance to low oxygen content. However,
obtained results show that in the case of S. cerevisiae ATCC 9804, aerobic conditions
are more conducive to rapid reproduction, which may be associated with the
presence of oxygen, which leads to the formation of a large amount of ATP, which
can be used for growth and accumulation of substances.
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On the hand for S. cerevisiae ATCC 13007 in aerobic conditions at 30°C, SGR
1.51 times exceeds the same parameter under microaerobic condition at pH 5.0,
which may be related to more oxygen needs for growth. In the same conditions for
this strain at pH 6.5 SGR reduction (1.65 times) is similar as in the case of
S. cerevisiae ATCC 9804, which means that at pH 6.5 adaptive processes to oxygen
limitation are not strain — depended and there universal mechanism for adapting to
oxygen limitation conditions and to grow in microaerobic conditions. However,
SGR of S. cerevisiae ATCC 13007 in microaerobic conditions at 37°C SGR at aerobic
condition 1.1 and 1.2 times at pH 5.0 and pH 6.5, respectively, whereas for S. cerevisiae
ATCC 9804 aerobic condition is still more favorable for growing even at high
temperatures. Thus, based on the SGR data, we can say that S. cerevisiae ATCC 13007
is a more stress-resistant (particularly against high-temperature and oxygen-limiting)
strain than ATCC 9804, which is important feature for using them in industry.

Based on the SGR data, it can be suggested that in the case of aerobic
cultivation, the conditions 30°C and pH 6.5 are more favorable for the growth of
both strains (ATCC 9804, u = 0.398; ATCC 13007, u = 0.407) and under microaerobic
conditions the pH 5.0 and 37°C are more favorable (ATCC 9804, x = 0.35; ATCC
13007, u = 0.436), which is probably due to the fact that at higher temperatures
fermentation enzymes are more active, which, in turn, activates the overall
fermentation process, giving cells additional energy to ensure adequate growth.
These data are in good conformity with the existing data from different groups [21-
23]. The ideal temperature range for fermentation and bioethanol production is
between 30°C and 38°C (strain-dependent) [21]. Differences in SGR under microaerobic
cultivation conditions are due to the nature of the strains: S. cerevisiae ATCC 9804
strain was isolated from palm wine [24] and able to produce wine, in fermentation
process of which is released also acetic acid, which results in pH decrease (Fig. 3, b, d).

Acetic acid biosynthesis appears to be a mechanism that yeast use to balance
NAD" (nicotinamide adenine dinucleotide) formed in response to hyperosmotic stress
and glycerol overproduction. This may occur through the action of cytosolic, NAD" -
dependent aldehyde dehydrogenases, which oxidize acetaldehyde to acetic acid while
reducing NAD" to NADH [25]. Unlike S. cerevisiae ATCC 9804, another strain,
ATCC 13007, is brewing yeast [26], which synthesizes fewer acids than the latter.

It is also interesting to understand the growth yield of tested yeast strains
grown under different external conditions, because due to the protein content and
probiotic properties of yeasts of the species S. cerevisiae, yeast biomass is an option
to consider for animal feed [17]. Thus, dry weigh of yeast has been determined and
summarized in Table.

Growth yield differences of S. cerevisiae under different conditions

Growth yield, mg
S. cerevisiae ATCC 9804

aerobic conditions microaerobic conditions
25°C 30°C 37°C 25°C 30°C 37°C
pH6.5| 34.7347 34,7013 33.5862 27.6345 27.3692 27.3859
pH5.0| 35.9333 36.0315 36.2598 30.8943 32.564 29.6642
S. cerevisiae ATCC 13007
pH 6.5 20.177 19.1646 21.0451 16.1522 16.7361 18.3022
pH 5.0 21.7756 21.5366 23.1657 17.7746 18.4273 18.4024
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Fig. 3. External pH changes during growth (strains: a, b — ATCC 9804; ¢, d — ATCC 13007) under
different conditions (a, ¢ — aerobic growth condition; b, d — microaerobic growth conditions)
depending on temperature.

As could be expected from the data on the SGR, it can also be seen from the
growth yield data, that yeast cultivated under aerobic conditions produces more
biomass than under microaerobic conditions, which is probably due to the fact that
under aerobic conditions they are active as both catabolic and anabolic metabolic
pathways unlike microaerobic conditions, activates mainly energy exchange due to
lack of oxygen. Under microaerobic conditions growth yield differences and lower
biomass production by S. cerevisiae ATCC 13007 may be conditioned by active
leaking carbon dioxide during fermentation. These results correlated with growth
kinetics (Fig. 1): although S. cerevisiae ATCC 13007 growing rapidly, in final it
produces less biomass than another strain. S. cerevisiae strains are well adapted to
large amounts of inhibitory compounds. Native oxidoreductases reduce furan
aldehydes to less toxic alcohols, which require NADPH (nicotinamide adenine
dinucleotide phosphate) as cofactors. The yeast compensates for the increase in
cofactor demand by decreasing glycerol production and increasing acetate
production to balance the redox potential. Acids interfere with cell membrane
permeability and fluidity, affecting membrane protein function and cellular
processes including nutrient transport and energy transduction, and once inside the
cell, the intracellular pH decreases. Yeast cells counteract proton accumulation by
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translocation via the plasma membrane H*-ATPase, mediated by ATP hydrolysis.
This decreases intracellular ATP levels with a concomitant reduction in biomass
yield [27]. S. cerevisiae yeast cells may generate energy both by fermentation and
aerobic respiration, which are dependent on the type and availability of carbon
sources. Cells adapt to changes in nutrient availability, which entails the specific
costs and benefits of different types of metabolism but also may cause alteration in
redox homeostasis, both by changes in reactive oxygen species (ROS) and in cellular
reductant molecules contents [28].
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Fig. 4. Monitoring of ORP changes during growth (strains: a, b — ATCC 9804; ¢, d — ATCC 13007)
under different conditions (a, ¢ — aerobic growth condition; b, d — microaerobic growth
conditions) depending on temperature.

So for that redox potential during yeast growth was monitored. As it was
shown in Fig. 4, the kinetics of ORP are very different in aerobic to microaerobic
cultivation conditions. The changes of readings of ORP Pt electrode from positive
(+180+10 mV) to negative (—240£10 mV) values were observed upon the growth of
S. cerevisiae ATCC 13007 (Fig. 4, c; pH = 5.0, 30°C). In the case of S. cerevisiae
ATCC 9804 the maximum range of ORP was from +180+£10 mV to —215+10 mV,
which shows that S. cerevisiae ATCC 9804 has more oxidizing ability than
S. cerevisiae ATCC 13007. As it was proposed under aerobic conditions, lower ORP
values are established, which indicates the presence of more reductive state, and this
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nature of kinetics is almost does not depend on temperature and pH. The latter only
affect the growth of yeast, leading to a more intense or passive expression of ORP,
but in general, the dynamics of change in ORP is maintained in all samples.

In contrast to aerobic conditions, under microaerobic conditions until the
establishment of the stationary phase (24 h) pH dependent changes of ORP were
established. In literature it was shown that the behavior of the reduction potential
during the fermentation of a Sauvignon blanc, showing the minimum in the redox
potential curve was lower at higher temperatures from 0 mV at 15°C to —200 mV at
24°C [29]. The pH dependence of the kinetics of ORP differs between both strains,
particularly in the conditions of pH 5.0 and 37°C (Fig. 4, b, d). Changes in the redox
conditions in the fermentation medium, and especially in the finished beer, signifi-
cantly affect the processes of transformation of colloidal substances and the
formation of turbidity [30]. As it was shown, the highest ethanol concentration of
131.0+1.8 g/L was obtained for ethanol fermentation of flocculating yeast when ORP
was controlled at —150 mV, because the lower ORP level with more reducing power
available for maintaining metabolism of yeast cells improved their viability more
significantly, which is affected by osmotic pressure and ethanol inhibition,
enhancing ethanol productivity and yield. On the other hand, more biomass was
accumulated when ORP was controlled at =100 mV [31]. Based on the data on the
above data, we can assume that the maximum fermentation activity of S. cerevisiae
ATCC 13007 and ethanol production was detected at 24 h of growth in conditions
of 37°C, pH 5.0 and pH 6.5, where ORP was —163.2+10 mV and —138.5+10 mV,
respectively (Fig. 4, d).

It would be of further separate interest to study the products that released
during this growth and the final explanation of the metabolic pathways will explain
these features.

Conclusion. Here we show that many factors such as temperature, external
pH, ORP can affect yeast growth and lead to loss of viability of yeast cell or biomass
production decrease. It was shown that in the case of aerobic cultivation, the
conditions 30°C and pH 6.5 are more favorable for the growth of 2 strains, in which
they can rapidly reproduce, and produce more biomass and under microaerobic
conditions the pH 5.0 and 37°C are more favorable. Under aerobic conditions, lower
ORP values are established and this nature of kinetics is almost does not depend on
temperature and pH. Under microaerobic conditions until the establishment of the
stationary phase (24 h) pH dependent changes of ORP were established.

The results obtained will help to better understand the biochemical and
bioenergetic basis of yeast growth and stress tolerance mechanisms and to optimize
production conditions, ensuring stable biomass and high production yield under
changing environmental conditions.
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wnwewghmu bl Yhhun bwlnpui Ynpniunm b adnpuudiliph dwh: Wu wphow-
wnwbph byuwnmwyie bp ntunedwuhply nmwppbp wuydwbbtpnid S. cerevisiae-h
ghtini b qupbioph ymuitiph wéh Wupwdtwmptiph® wéh mbuwjupunp wpwgni -
Prul (USU, ), wmbh wpunuwmpnuijutinipyud, htswtu twle wyn wéh pbpugpnid
pH-h I opuhnugiwd-ytpuubqidwi ynntighugh (O4M) thnthnjuninib-
ttipp: 8nyg E wmpyt), np wtipnp wakgdiwh niypnid 30°C b pH 6,5 yyuwpdwbbbph
wnuwybt] wpyniutn G gl 2 pnmudtiph wakgdwb huniwp (ATCC 9804,
u=0,398; ATCC 13007, u = 0,407), npntin tpubip Jupnn &b wpug puqiwbug
L wnwy dEd pwbwlnipjudp Jhvwqubgyusd, hull dhipnwbpnp watkgdwb
ntiypnid wnwytip wpynibwytin £ pH 5,0 W 37°C (ATCC 9804, « = 0,35; ATCC
13007, u = 0,436) wuwyiwbttpp: Whpnp wuydwbbtpnid hwunmwnynid £ OdM-h
wiytijh guon wipdtiptip, W uw juugwd ok mbtkigdwib gtipdwumhéwbhhg b pH-hg:
Uhypnubtpnp wuydwbbbpnid dhish unwghntiup thnijh hwunwwnnidp (24 o)
tjunynid £ OdMN-h wbynid: Qpynibpitipp joqbklt hwujubwy pinpuutijtiph
gnuwnlidwb  Jhuwwphdhwyuwd, Jhhuwdbhghuud b Yhhuwkbbipgtinmhy
hhuinLtpbtipp, npntip Jupnn Gb nidinugity npwbg gnjunbinidp b npuiting huly
Ytipwhultiy wpyynibwpbpujub dwu)wmupny:

A. A. IIMPBAHAH, C. H. MUP304H, K. A. TPUYHSH

XAPAKTEPUCTUKU POCTA SACCHAROMYCES CEREVISIAE
B PA3HbBIX YCIJIOBUAX POCTA

Saccharomyces cerevisiae — BaXHBbI KOMITOHEHT YEJIOBEUCCKOW IUBUIIN3A-
WU, TIOCKOJIbKY OHHU IIMPOKO HMCHOJIB3YIOTCS B MULIEBOW MPOMBIIUIEHHOCTH. [Ipn
MPOMBIIIJICHHOM HCIIONb30BAaHUK OYCHb BAaXXHO MOJYYUTH OOJBIIOE KOJIHYECTBO
Oromacchl, HO MHOTHE (PaKTOPBI BHI3BIBAIOT HOTEPIO KU3HECIOCOOHOCTH U THOETD
nposxoxedd. Llenplo paHHOH pa®oTel ObUIO M3y4YeHHE OCOOEHHOCTEH IapaMeTpoB
pocra (yaenabpHO CKOpocTH pocta (i), ypoKaiHOCTH) BUHHBIX M IIMBHBIX IITAMMOB
S. cerevisiae B pa3nMuHBIX YCJIOBHSX, a TaKKe M3MEHEHHW PH M OKUCIMTEIBHO-
BoccTaHoBuTenbHOro noteHuuana (OBII) Bo Bpems atoro pocra. bruio mokazano,
YTO MpU adpoOHOM KynbTuBHpOoBaHuU ycioBus 30°C u pH 6,5 Goee GraronpusiTHBL
JUIsL pocta ABYX ImtamMmoB S. cerevisiae (ATCC 9804, u = 0,398; ATCC 13007,
1 = 0,407), o MOTyT OBICTPO BOCHPOM3BOAUTHCS M MPOU3BOAUTH OoJbIIe OHO-
Macchl. A B MHKPOa3pOOHbIX ycinoBusix 6onee Gnaronpusitasl pH 5,0 u 37°C (ATCC
9804, 1 = 0,35; ATCC 13007, i« = 0,436). B a3p0oOHBIX yCIOBHUSAX YCTaHABIMBAIOTCS
6osiee Hu3kue 3HaueHus OBII, u 3To He 3aBUCHT OT Temmepatypsl U PH. B Mukpo-
a3pOOHBIX YCIOBHSX IO YCTAHOBJECHHUS cTanuoHapHOHW (asel (24 u) MpOMCXOOUT
camwkenne OBIL Ilomy4yeHHble pe3yibTaThl MOMOTYT TMOHATH OHMOXUMHYECKHE,
Ornodusnueckre 1 OMOIHEPTeTUUECKUE SBICHUS! BBDKMBAHUS OPOXKEH, KOTOpPHIE
MOTYT TOBBICUTH WX COXPaHHOCTb W, TaKMM 00pa3oM, KOHTPOJIHMPOBaTb HX B
MPOMBILUICHHBIX MacITadax.



