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ABSTRACT

All living organisms are subjected to changing
in conservational conditions, to which they must
adapt to. Stress is defined as a threat refers to the
physiological balance of systems critical to survival
organisms. Five yeast strains (Saccharomyces
cerevisiae) were subjected to different adverse
environmental situations, such as thermal, osmotic
and oxidative (salt) stresses. The objective of this
work was to detect the most tolerant yeast strains
under salt or heat stresses. Five yeast strains
were exposed in a first experiment to heat stress at
20°C or 40°C beside to the control at 30°C to de-
tect the more tolerant strain. The same yeast
strains were subjected in a second experiment to
two different concentrations of salt stress (NaCl);
0.5 or 1.0 M, separately, for two days (at 30°C as
normal temperature for growth), other strains were
exposed to 0.5 M concentration of NaCl for 24
hours, then 1 M for another 24 hours. For the heat
stress results, strain S4 was more tolerant at
40°Cwith insignificant difference compared to the
control (30°C), while it showed significant differ-
ence at 20°C. Strain S5 also was more tolerant at
20°C with insignificant difference compared to the
control. For salt treatment, the only insignificant
value was for strain S3at 0.5M NaCl compared
with the control.
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INTRODUCTION

Yeast (Saccharomyces cerevisiae) strains have
been extensively studied in recent years for fuel
ethanol production, in which yeast cells are ex-
posed to various stresses such as high tempera-
ture, ethanol inhibition, and osmotic pressure from
product and substrate sugars as well as the inhibi-
tory substances released from the pre-treatment of
biomass. An in-depth understanding of the mecha-
nism of yeast stress tolerance contributes to breed-
ing and gave more robust strains for ethanol pro-
duction, especially under very high gravity condi-
tions (Zhao and Bai, 2009). Organisms are con-
tinually challenged by changing environments.
They have evolved physiological adaptations to
cope with such change. These mechanisms in-
clude genome-scale gene expression changes on
short, physiological time scales. Such changes
have been most thoroughly studied in stressful
environments, such as heat, cold, osmotic stress,
salt, drought, gene-toxic stress, ultraviolet light,
oxidative stress, wounding, and pathogen infec-
tion (Gasch et al 2000 and Jozefczuk et al
2010). Two types of stress response have been
observed, one corresponding to a specific re-
sponse involving genes with functions related to
the tested stress, and the other to a more general
response observed regardless of the type of stress
involved (Brion, 2016). The objective of this study
was to detect the most tolerant yeast strains ex-
posed to heat or salt stress.
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MATERIALS AND METHODS
Materials
1. Yeast strains

Five yeast strains were used in this study, their
names, codes and sources are shown in Table 1.

Table 1. Names, codes and sources of the five
yeast strains (Saccharomyces cerevisiae)

Yeast
Code Source

Istrains name|

Microbial Resources center (Cairo|
UQM-49 S1

MIRCEN)
NRRLY- s2 Microbial Resources center (Cairo|
17008 MIRCEN)
Microbial Resources center (Cairo,
LBC-1208 S3
MIRCEN)
Microbial Resources center (Cairo|
LBC-254 S4
MIRCEN)

Dr. Mohamed Adel, Food Science

ATCC-58523| S5 |Dept., Fac. of Agriculture, Ain

Shams University.

2. YPG medium

Yeast peptone glucose (YPG) medium was
used according to Curran and Bugeja (2006). The
standard YPG medium consisting of 1% yeast ex-
tract, 2% peptone, 2% glucose and 2% agar rou-
tinely used for maintenance and preparation of
cultures for yeast experiments.

Methods
1. Yeast stress experiments
1.1. Heat stress

Heat stress was performed at 20°C and 40°Cin
YPG broth culture for 2 days compared with the
control at 30°C.The strains were grown over night
at 30°C, then in the next day at 20°C overnight
again and the strains were grown overnight at
30°C and the next day at 40°C overnight using
Gasch (2000) method.

1.2. Salt stress

Salt stress was applied using two concentra-
tions; (0.5M NaCl; 2.9 gm up to 100 ml YPG medi-

um, 1M NaCl; 5.8 gm up to 100 ml YPG medium).
In the first experiment, the five yeast strains were
grown on YPG medium, with 0.5 M or 1 M NacCl
concentrations, separately, for 2 days at 30°C
(normal growth temperature).

In another experiment, the yeast strains were
put under the influence of 0.5 M of NaCl for 24
hours, then in the next day, they were grown on 1
M NaCl for another 24 hours at 30°Caccording to
Logothetis et al (2007).

2. Dilution plating

This procedure was used to identify the number
of viable micro-organisms (colonies) in a fixed
amount of a liquid medium. It can also be fairly
easily modified to give results with solid medium
according to Jorgensen and Turnidge (2015)
method.

To perform serial dilutions, a small amount of
YPG (yeast extract, peptone, glucose and agar)
medium was transferred into a new container to
dilute the original solution. The diluted sample was
then used as the base solution to make an addi-
tional dilution. This was carried out several times in
a range of concentrations. The initial concentration
with target range needed for a given assay deter-
mined the size and number of dilution steps re-
quired. Often, serial dilutions were performed; they
were described as ratios of the original and final
concentrations. Mixing 100 pl of a stock solution
with 900 pl of water makes a 1:10 dilution. The
final volume of the diluted sample was 1000 pl (1
mL) and the concentration was 1/10 that of the
original solution. This was commonly referred to as
a 10x dilution. Five pl was obtained from dilutions
and put in Petri dishes; each experiment was
made in 3 replicates for every strain.

3- Statistical analysis

The obtained data were statistically analyzed
by using SPSS version 19.0 (Arbuckle, 2010) to
compare of the mean duration of stress using
analysis of variance (ANOVA) between the various
treatment groups. This was performed using Dun-
nett test (Dunnett,1964).

RESULTS AND DISCUSSION

The results of heat and salt experiments ap-
pear in Table (2) and Figure (1). The five yeast
strains showed different responses under heat or
salt stresses compared with the control. Three
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or salt stress

replicates for each strain were applied for each
treatment. Means of these replicates were calcu-
lated and differences were measured statistically.

1- Effect of stresses on Yeast strains
1- Heat stress

Heat stress results in Table (2) and Figure (1)
showed that strain S4 was more tolerant at 40°C
with insignificant difference compared to the con-
trol (30°C), while, the same strain gave significant
difference than the control at 20°C and confirmed
that it was more tolerant at the two heat stress
experiments. Strain S5 also was more tolerant at
20°C with insignificant difference compared to the
control. The strains exposed to a temperature at
20°C or 40°C had a difference between the control

(30°C) were previously detected by Holubarova et
al (2000) who exposed yeast cells at 41°C and
found intolerance of yeast cells.

2- Salt stress

For salt experiments, (Table 2 and Figurel),
four strains showed decrease in number of colo-
nies with significant differences under all salt
treatments when compared with the control. Strain
S3 gave the only insignificant number of colonies
(19 colony) when grown in medium with 0.5M NaCl
separately compared to the control (24 colony).
The general mean of this work was to gain further
understand of yeast fermentation performance as
number of colonies under salt stress conditions,
especially, work was focused on the evaluation of
NaCl induced salt stress responses on industrial
yeast strains (Saccharomyces cerevisiae).

- =2

5 45

2 b

3

% 3

w — 15

15 | — i}

L 10 — 1%

- B — 1m

- — M

T 1 | - D
1M 0.5+10| 058 |zontrol jl7'ﬂ'-‘| e ™ :n.sq-m 0.5M [ontrol afc |=|i"1: fliade

$1 strain 52 straln

30 i 30

" )

i) = 20

- 1 -1

| 10

L s

Lo
1M OSeM B5M cantl P afc :Pc 1M 05N 05M contdl “*m-:o”t wPe e

5¥sirain

!.M nsuM| LA} conlmll

-_t___ tfl I:

ﬂl:i""l: wc | xPc

0 strain

Fig. 1. Mean number of colonies that exposed to temperatures 20°C

tion (0.5,0.5+1M and 1 M NaCl)

and 40°C and salinity at concentra-
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Table 2. Number of colonies forming units of Sac-
charomyces cerevisiae after exposure to heat or
salt stresses compared with the control.

Stress Treatments Rep 1 | Rep 281| Rep 3 | Mean
20°C 11 9 7 9
Heat stress 30°C(cont.) 34 35 39 36
40°C 12 12 7 10.3
Control 32 28 31 30.3
stS;Z'stS 05M 7 5 10 | 73
(NaCl) 05+1M 5 12 8 8.3
1M 11 8 14 11
S2
20°C 7 6 8 7
30°C(cont.) 42 42 45 43
Heat stress | ™ 1 0oc 34 33 36 | 343
Control 34 29 39 34
SSZ‘;S 05M 22 19 20 | 203
(NaCl) 05+1M 7 11 17 116
1M 5 8 13 8.6
S3
20°C 7 10 7 8
30°C(cont.) 19 15 16 16.6
Heat stress 20°C 10 3 3 53
Control 20 24 28 24
SSZ‘;S 05M 14 28 15 19
(NaCl) 05+1M 5 8 4 56
1M 8 11 6 8.3
S4
20°C 23 27 26 25.3
30°C(cont.) 20 23 21 21.3
Heat stress | ™ 1 ooc 22 24 24 | 233
Control 15 27 32 24.6
StSrZ'StS 05M 2 6 8 53
(Nacl) 05+1M 7 5 17 9.6
1M 10 6 6 7.3
S5
20°C 26 21 18 21.6
30°C(cont.) 20 21 23 21.3
Heat stress 20°C 10 11 9 10"
Control 23 36 27 28.6
StSrZ'StS 05M 10 7 12 | 96
(Nacl) 05+1M 2 8 9 6.3
1M 3 6 5 4.6

* = Significant differences for treatments compared with the con-
trol (Dunnett Test).

These results were confirmed by the previous
findings of Wei et al (1982) who reported that the
effect of high salt content on semisolid culture is
essentially the same as the effect on liquid culture;
i.e., as the salt content increased, the following
occurred: (1) the growth of yeasts decreased, (2)
the lag period of the yeast biomass curve length-
ened, (3) the sugar intake was lowered, (4) the
yield of ethanol was reduced.

Logothetis et al (2007) also, found that salt
pre-treatments resulted in beneficial influences on
both cell viability and fermentation performance of
an industrial yeast strain.

CONCLUSION

Yeast strains showed different responses un-
der heat and salt experiments when compared with
the control. The detection of three strains tolerant
to heat or salt stresses are a good trail that works
may be completed on these strains to study mo-
lecular genetics effect at the level of protein and
DNA.
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