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ABSTRACT

Pseudomonas aeruginosa is an important ubiquitous and especially common pathogen in the hospital.
Exotoxin A encoded by exoA gene has a role in the pathogenesis of this bacterium. Today, probiotics are widely used in the
treatment and prevention of diseases. The present study aimed to study the Saccharomyces cerevisiae S3 effect on the
expression of exoA gene.

WETCHEIENW M EBUGEE Saccharomyces cerevisiae S3 supernatant and lysate were prepared. Subminimum inhibitory
concentrations (sub-MIC) of extracts were used against P. aeruginosa PAO1. The level of exoA expression was measured
with Real-time PCR method.

m Lysate extract reduced toxin gene expression, but unlike lysate, supernatant had an increasing effect on gene
expression.

We demonstrated that S. cerevisiae S3 inhibited Exotoxin A virulence factor of P. aeruginosa. We suggest doing

more experiments on the effect of S. cerevisiae on other virulence factors of P. aeruginosa and pathogens.
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1. Introduction

Pseudomonas aeruginosa is a ubiquitous pathogen
that causes opportunistic infections in humans (1). P.
aeruginosa causes different disorders for example
infection in the respiratory tract, urinary tract, skin
and soft tissue, ‘ swimmers' ear’ and bacterial keratitis
(2). Exotoxin A (PE) is a mono-ADP-ribosyltransferase
family member with enzymatic properties (3). More
than 90% of P. aeruginosa isolated from patients
produce exotoxins A. High levels of exotoxin
transcription are involved in severe infections (4).

Lactobacillus and Bifidobacterium are common
components of ‘probiotic’ health foods, although their
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ability to elevate human health is controversial (5).
The application of S. cerevisiae in the industry is wide
since its ease of cultivation, achievement at the
industrial level, and considered safe (GRAS) status (6).
Saccharomyces cerevisiae var. boulardii has various
remedial effects in gastrointestinal disorders,
especially different types of diarrheas (7) such as food
and traveler diarrhea, inflammatory bowel disease
and acute gastroenteritis has been identified (8).

Research has shown that probiotics have been
effective in the local treatment of P. aeruginosa
wound infections (9). Al-Azzawi used lactobacilli (L.
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acidophilus and L. rhamnosus) in the role of a potential
biotherapeutic factor (probiotic) for the treatment of
P. aeruginosa infection (10). S. boulardii has beneficial
effects through a mechanism independent of immune
system modulation on the host’s gastrointestinal tract
(11).

Finding alternative therapy for P. aeruginosa
infections is a vital issue worldwide. The beneficial
therapeutic effects of probiotics in inhibiting P.
aeruginosa are well established today. The present
study aimed to demonstrate the effect of probiotic
yeast S. cerevisiae S3 supernatant and lysate on the
expression of P. aeruginosa exotoxin A gene by using
the real-time PCR method.

2. Materials and Methods

2.1 Strains and Growth Conditions

This research operated at the Molecular
Microbiology Research Center (MMRC) of Shahed
University. The native probiotic yeast S. cerevisiae S3
strain was isolated from fruits and dairy products with
previously identified characteristics was used. S.
cerevisiae was kept at -70°C in Potato Dextrose Broth
(PDB) (Merck, Germany) with 20% glycerol. The
bacterial strain used in this research was P. aeruginosa
PAO1. P. aeruginosa has grown aerobically at 37°C in
Brain Heart Infusion (BHI) agar (Merck, Germany) and
kept at -70°C in BHI Broth, including 15% glycerol.

2.2 S. Cerevisiae Culture Condition

Several colonies of S. cerevisiae were inoculated to
20 mL of PDB medium (30°C, 16 h, 230 rpm). The 24-
hour culture was applied to add 1000 mL of PDB. The
medium was separated into different containers. The
containers were incubated (30°C, 24 h, 120 rpm) and
centrifuged (3000 g, 10 minutes) to assemble the
supernatant and cell pellet.

2.3 Supernatant and Lysate of S. cerevisiae

The supernatant of S3 was acquired according to the
Krasowska et al. method with a modification (12). A
0.22 um filter was used for the filtration of
supernatant. After that, 250 ml of overnight culture of
S. cerevisiae was centrifuged (3000 g, 10 min). The
supernatant was placed in the decanter for three
hours with one- fifth volume of ethyl acetate. Every
half hour ethyl acetate was changed. Finally, ethyl
acetate was eliminated from the supernatant through
a rotary evaporator (Hei-VAP Advantage ML,
Heidolph, Germany). Approximately 45 mg of dry
matter was prepared from one liter of yeast medium.
A suitable amount of methanol was enhanced to the
dry matter to prepare stock supernatant to reach a
concentration of 327.68 mg/mL. The sediment
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obtained by centrifuging the culture medium in the
former step was washed with distilled water and then
dissolved again. In the next step, the yeast cells were
lysed on the ice using a sonicator (Q125 Sonicator,
Qsonica, USA). Every sonication step was done for 20
min (50-sec pulse on then 10-sec pulse off whit 100%
amplitude). The lysed cells were centrifuged (15000
rom, 4°C, 30 min). A 0.45 um filter was used for
filtration of lysate. A rotary evaporator was also used
to remove water from the lysate. Finally, by increasing
a suitable value of double-distilled water to the dried
lysate powder, lysate stock with a concentration of
163.84 mg/ml was prepared.

2.4 Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)

With the broth microdilution method in BHI Broth,
the MIC was determined. Lysate and supernatant
extracts were added separately to the microplate
wells and BHI Broth (Merck, Germany) was added. The
range of concentrations for both supernatant and
lysate was 8192 to 16 pg/mL, and 105 CFU/mL
bacteria were in each well. Well, without lysate and
supernatant was used as positive, and without
bacteria was applied as a negative control. Incubation
conditions were included at 37°C for 20 hours. A well
with the lowest concentration and did not show
turbidity was introduced as MIC. For the
measurement of MBC, the colony count was
performed for wells without turbidity. Each well with
the lowest concentration and showed a 99.9%
decrease in the number of colonies was considered
MBC. Because methanol was a supernatant solvent,
MIC was performed to determine whether it had no
inhibitory effect on bacterial growth.

2.5 Bacterial Culture Preparation to Determine
Toxin Expression

First, 10° CFU/mL of bacteria from an overnighted
culture of P. aeruginosa in BHI Broth was inoculated
onto BHI containing 1024 pg/mL of supernatant and
8192 ug/mL lysate. The suspension was incubated
until it reached the end of the logarithmic phase (37°C,
180 rpm). The pellet was removed after centrifugation
(5000 g, 10 min).

2.5.1 Determination of Total mMRNA

At first, the pellet was lysed with TE buffer. By
applying the RNeasy Mini kit (Qiagen, Germany), total
RNA was removed. The purity of RNA was determined
by the NanoDrop device (NanoDrop One, Thermo
Fisher, USA) .

2.5.2 Total cDNA Determination

QuantiTect Reverse Transcription Kit (Qiagen,
Germany) was applied to remove genomic DNA and
synthesize the cDNA. Two microliters of gDNA without
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buffer were added to 12 pul of RNA and placed at 42°C
for 2 minutes. Then immediately placed on ice. RT
Buffer, Random Primer and RT enzyme were added to
the above mixture and placed at 42°C for 30 minutes.
finally placed at 95°C for 3 minutes to inactivate the
enzyme. Two microliters of cDNA were mixed with 18
ul of water, which was used as a template.

2.5.3 Real-time PCR

The real-time PCR was done by Quantitect SYBR
Green PCR Kit (Qiagen, Germany) and Rotor-Gene Q

Table 1. Primers used for quantitative real-time PCR

gene Forward primer
recA 5'GTTGATGAAGATGACCAGGCA3’
exoA 5 GTCGGGTTCCTGGTCCTG3’

(Qiagen, Germany). The primer sequence showed in
Table 1. Sequences were designed using AllelelD 6
software. Real-time PCR was performed according to
the following protocol: one cycle of 95°C for 15
minutes, after that 40 cycles of 94°C for 15 seconds,
57°C for 30 seconds, 72°C for 30 seconds and a
terminal extension at 60°C for 15 seconds.

Reverse primer
5'CCTCGTCGCCTTCCTTCAC3’
5 GTAGCCGACGAACACATAGC3

2.5.4 Determination of toxin expression

After the amplification, the melting curve was
compared with the curve obtained from genomic DNA.
In fact, this was done to determine that all primers have
the same rate of elongation and performance. For
normalization, the expression of the housekeeping recA
gene was applied. The 222 method was used for
determining Relative gene expression. Distilled water
was used for negative control.

3. Results

3.1 The results of MIC and MBC

The MIC value of the supernatant for P. aeruginosa was
obtained to be 2048 pug/mL. The MBC was 2048 pg/mL.

Table 2. Cycle threshold (C;) results for exoA.

Gene
recA
Lysate
exoA
recA
Supernatant
exoA

The lysate had no bacteriostatic and bactericidal effects
on P. ageruginosa. Methanol also did not affect inhibiting
P. aeruginosa growth.

3.2 The results of Real-time PCR

The exoA Gene expression in P. aeruginosa was
measured using real-time PCR method. Melting curves
were drawn to confirm the lack of contamination and
primer dimer. If one peak was present in the melting
curve, the reaction’s correctness was considered.

Table 2 displays the outcomes of the exoA cycle
threshold (Ct) analysis in the presence of lysate and
supernatant. The results showed that the vyeast
supernatant could not decrease the expression of the
exoA in P. aeruginosa. The lysate extract decreased the
expression of the exoA (fig. 1).

CT Mean*SD Mean AACt ratio
22.69%1.53 0/00 1/00
26.16x0.55 4/21 0/05
17.37+0.05 0/00 1/00
17.24+0.71 -4/56 23/59

AAC; was calculated as: AC; (test) - AC; (calibrator). Ratio = efficiency —22¢t,

23.59
1 1 0.05
| e— | S—
Supernatant Lysate

OexoA Ocontrol
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RELATIVE GENE EXPRESSION

Figure 1. Effect of supernatant and lysate extracts of
S. cerevisiae S3 on the expression of exoA. Compared
with control, exoA gene expression decreased only
in the presence of lysate.
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4, Discussion

P. aeruginosa is a prevalent cause of various
infections such as nosocomial pneumonia, UTI, and
surgical infections (13). P. aeruginosa contains various
virulence factors that have significant role in its
pathogenicity such as Exotoxin A (14). S. cerevisiae var.
boulardii have activities that can help improve the
different functions of its host (15). In the present
study, the effect of supernatant and lysate of S.
cerevisiage S3 on the exoA gene expression was
indicated. In our study by using real-time PCR was
shown that probiotic lysate had a reducing effect on
the expression. Supernatant had not decreased effect
on the expression of the exoA gene.

Lactobacilli are the most well-known probiotics that
are widely used in different societies. They can act
against pathogens in various ways, such as producing
inhibitory compounds (organic acids, protein
compounds and hydrogen peroxide) and improving
immune system (16). Ramos and colleagues found the
characteristics of Lactobacillus plantarum culture
supernatants (LAPS) and showed therapeutic effect on
the treatment of chronic wound infection (17). Ogawa
et al. showed the Lactobacillus bactericidal effect on
STEC. They believed the lactic acid generation and pH
reductive effect on the survival of pathogens (18). Two
bacteriocins of L. plantarum prevented the growth of
P. aeruginosa (19). One study examined the effect of
S. cerevisiae on E. coli 0157:H7 and suggested that
ethanol secreted by probiotics may have an
antagonistic role in the small intestine (20). Kiymaci et
al. demonstrated the effect of lactic acid secreted by
Pediococcus acidilactici on the virulence factors of P.
aeruginosa (21). Fakruddin et al. used S. cerevisiae
IFST062013 whole cell, supernatant of culture, and
lysate of the cell to determine the growth rate of P.
aeruginosa. Cell lysate had the best inhibitory effect
(22). Similarly, we used the supernatant and lysate of
yeast probiotics. In our study lysate just could inhibit
the exoA gene expression. It is unclear why
supernatant had no inhibitory effect on gene
expression and more studies are required to
understand it.

In contrast, the positive effects of probiotics on
pathogens sometimes, we do not see an acceptable
effect of probiotics in inhibiting pathogens, for
example in a study conducted by Cho et al. P.
aeruginosa co-cultured with Lactococcus lactis in the
presence of porcine gastric mucin. They were not
found an improving effect on the P. aeruginosa strains
(23). In our study, we found supernatant of S.
cerevisiae caused increasing in the expression of the
exoA gene and only its lysate decreased gene
expression. Therefore, we recommend further studies
on the content of the supernatant and its effect on the
pathogen.
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The anti-diarrheal effects of some probiotics are
anticipated from their antitoxin properties (7).
Asahara et al. conducted experiments showing that
Bifidobacterium could prevent EHEC verotoxin
production  (24). Carey and colleagues applied
different types of probiotics against the expression of
the toxin gene in EHEC and demonstrated that the
level of expression reduced by the production of
SCFAs (25). The cytotoxic effects of Bifidobacterium
and lactobacilli on C. difficile have been demonstrated
(26, 27). Bacillus clausii also produced a protease that
prevented the cytotoxic effects of C. difficile and B.
cereus (28). Exotoxin A is one of the toxins secreted by
P. aeruginosa. Inhibition of exotoxin A production can
play an important role in reducing the pathogenicity
and destructive effects of P. aeruginosa. In this study,
the lysate reduced the exoA gene expression. It is
recommended that more studies be performed to
determine the effect of this probiotic on other
secretory toxins of this pathogen.

In a similar study conducted by DehghanZadeh et
al., The effect of supernatant and yeast lysate of S.
cerevisiae on the expression of two virulence factors,
elastase and alkaline protease of P. aeruginosa, was
investigated. Their study shows the excellent
inhibitory effect of lysate on these two genes (29). In
the present study, lysate also had a significant
inhibitory effect on inhibiting the expression of
exotoxin A gene.

S. boulardii has the ability to produce products such
as organic acids, vitamins, essential enzymes and
metabolites such as vanillic acid, phenyl ethyl alcohol
and erythromycin (30). To better understand how S.
cerevisiae is effective in inhibiting P. aeruginosa and
reducing the expression of virulence factor genes, it is
recommended to determine the components and
compounds of each of the supernatants and lysates.
Finally, the results of this study confirm the inhibitory
effects of S. cerevisiae probiotic yeast on the
expression of the exotoxin A gene in P. aeruginosa.
The more accurate studies on probiotic properties, the
better can use them for treatment options. So, the
authors suggest designing other tests for comparing
properties of probiotics on P. aeruginosa.

5. Conclusion

According to the present study, the lysate of S.
cerevisiae probiotic yeast could reduce the exoA gene
expression and supernatant increase it. Since exotoxin
A is an important virulence factor in P. aeruginosa,
probiotics can prevent it.

Iranian Journal of Medical Microbiology



292 Effect of S. cerevisiae on P. aeruginosa

Acknowledgment

The authors thank Hadis Fathizadeh for her
suggestions and guidance.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors.

Authorship contribution

ZG contributed to: conceptualization, project
administration, data curation, methodology. MK

Reference

1. Mengl, Zhou S, Xu X, Li D, Lin Y, Lyu F, et al. A
multi-scale approach to investigate adhesion
properties of Pseudomonas aeruginosa PAO1 to
Geotrichum candidum LG-8, a potential probiotic
yeast. Foods. 2020;9(7):912.
[DOI:10.3390/foods9070912] [PMID] [PMCID]

2. Peix A, Ramirez-Bahena M-H, Velazquez E.
Historical evolution and current status of the
taxonomy of genus Pseudomonas. Infect Genet
Evol. 2009;9(6):1132-47.
[DOI:10.1016/j.meegid.2009.08.001] [PMID]

3. Michalska M, Wolf P. Pseudomonas Exotoxin A:
optimized by evolution for effective killing. Front
Microbiol. 2015;6(15):963.
[DOI:10.3389/fmicbh.2015.00963] [PMID] [PMCID]

4. McEwan Deborah L, Kirienko Natalia V, Ausubel
Frederick M. Host Translational Inhibition by
Pseudomonas aeruginosa Exotoxin A Triggers an
Immune Response in Caenorhabditis elegans. Cell
Host Microbe. 2012;11(4):364-74. [PMCID]
[DOI:10.1016/j.chom.2012.02.007] [PMID]

5. Clark LC, Hodgkin J. Commensals, probiotics and
pathogens in the Caenorhabditis elegans model.
Cell Microbiol. 2014;16(1):27-38.
[DOI:10.1111/cmi.12234] [PMID]

6. Da Silva NA, Srikrishnan S. Introduction and
expression of genes for metabolic engineering
applications in Saccharomyces cerevisiae. FEMS
Yeast Res. 2012;12(2):197-214.
[DOI:10.1111/j.1567-1364.2011.00769.x] [PMID]

7. Douradinha B, Reis VCB, Rogers MB, Torres FAG,
Evans JD, Marques Jr ETA. Novel insights in
genetic transformation of the probiotic yeast
Saccharomyces boulardii. Bioengineered. 2014;
5(1):21-9. [DOI:10.4161/bice.26271] [PMID]
[PMCID]

Year 17, Issue 3 (May — June 2023)

contributed to: project administration, writing:
original draft preparation, review & editing. HS
contributed to: writing review & editing, and
validation. SMAM contributed to: methodology,
supervision. ZD contributed to: conceptualization,
project administration. PO  contributed to:
conceptualization, supervision. All authors read and
approval the final version of the manuscript.

Conflict of Interest

The authors declared no conflict of interest.

8. Staniszewski A, Kordowska-Wiater M. Probiotic
and potentially probiotic yeasts-characteristics
and food application. Foods. 2021;10(6):1306.
[DOI:10.3390/foods10061306] [PMID] [PMCID]

9. Argenta A, Satish L, Gallo P, Liu F, Kathju S. Local
application of probiotic bacteria prophylaxes
against sepsis and death resulting from burn
wound infection. PloS One. 2016;11(10):
e0165294. [DOI:10.1371/journal.pone.0165294]
[PMID] [PMCID]

10. Al-Azzawi MKA, Makharmash JH, Al-Malkey NK.
The effect of Lactobacillus species on the
Pseudomonas aeruginosa. Drug Invent Today.
2020;14(2).

11. Hudson LE, McDermott CD, Stewart TP, Hudson
WH, Rios D, Fasken MB, et al. Characterization of
the probiotic yeast Saccharomyces boulardii in
the healthy mucosal immune system. PLoS One.
2016;11(4):e0153351. [PMID] [PMCID]
[DOI:10.1371/journal.pone.0153351]

12. Krasowska A, Murzyn A, Dyjankiewicz A,
tukaszewicz M, Dziadkowiec D. The antagonistic
effect of Saccharomyces boulardii on Candida
albicans filamentation, adhesion and biofilm
formation. FEMS Yeast Res. 2009;9(8):1312-21.
[DOI:10.1111/j.1567-1364.2009.00559.x] [PMID]

13. Joshi S, Kaur A, Sharma P, Harjai K, Capalash N.
Lactonase-expressing Lactobacillusplantarum
NC8 attenuates the virulence factors of multiple
drug resistant Pseudomonas aeruginosa in co-
culturing environment. World J Microbiol
Biotechnol. 2014;30(8):2241-9.
[DOI:10.1007/s11274-014-1645-9] [PMID]

14. Chelliah R, Choi J-G, Hwang S-b, Park B-J, Daliri EB-
M, Kim S-H, et al. In vitro and in vivo defensive
effect of probiotic LAB against Pseudomonas
aeruginosa using Caenorhabditis elegans model.

Iranian Journal of Medical Microbiology


https://doi.org/10.3390/foods9070912
https://www.ncbi.nlm.nih.gov/pubmed/32664462
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7405016
https://doi.org/10.1016/j.meegid.2009.08.001
https://www.ncbi.nlm.nih.gov/pubmed/19712752
https://doi.org/10.3389/fmicb.2015.00963
https://www.ncbi.nlm.nih.gov/pubmed/26441897
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584936
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334877
https://doi.org/10.1016/j.chom.2012.02.007
https://www.ncbi.nlm.nih.gov/pubmed/22520464
https://doi.org/10.1111/cmi.12234
https://www.ncbi.nlm.nih.gov/pubmed/24168639
https://doi.org/10.1111/j.1567-1364.2011.00769.x
https://www.ncbi.nlm.nih.gov/pubmed/22129153
https://doi.org/10.4161/bioe.26271
https://www.ncbi.nlm.nih.gov/pubmed/24013355
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4008461
https://doi.org/10.3390/foods10061306
https://www.ncbi.nlm.nih.gov/pubmed/34200217
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8228341
https://doi.org/10.1371/journal.pone.0165294
https://www.ncbi.nlm.nih.gov/pubmed/27780258
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5079594
https://www.ncbi.nlm.nih.gov/pubmed/27064405
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4827847
https://doi.org/10.1371/journal.pone.0153351
https://doi.org/10.1111/j.1567-1364.2009.00559.x
https://www.ncbi.nlm.nih.gov/pubmed/19732158
https://doi.org/10.1007/s11274-014-1645-9
https://www.ncbi.nlm.nih.gov/pubmed/24671300

Zahra Ghorbani et al., 293

15.

16.

17.

18.

19.

20.

21.

22.

Virulence. 2018;9(1):1489-507. [PMID] [PMCID]
[DOI:10.1080/21505594.2018.1518088]

Datta S, Timson DJ, Annapure US. Antioxidant
properties and global metabolite screening of the
probiotic yeast Saccharomyces cerevisiae var.
boulardii. J Sci Food Agric. 2017;97(9):3039-49.
[DOI:10.1002/jsfa.8147] [PMID]

Shokri D, Khorasgani MR, Mohkam M, Fatemi SM,
Ghasemi Y, Taheri-Kafrani A. The Inhibition Effect
of Lactobacilli Against Growth and Biofilm
Formation of Pseudomonas aeruginosa.
Probiotics Antimicrob Proteins. 2018;10(1):34-42.
[DOI:10.1007/512602-017-9267-9] [PMID]

Ramos AN, Sesto Cabral ME, Arena ME, Arrighi CF,
Arroyo Aguilar AA, Valdéz JC. Compounds from
Lactobacillus plantarum culture supernatants
with potential pro-healing and anti-pathogenic
properties in skin chronic wounds. Pharm Biol.
2015;53(3):350-8.
[DOI:10.3109/13880209.2014.920037] [PMID]

Ogawa M, Shimizu K, Nomoto K, Tanaka R,
Hamabata T, Yamasaki S, et al. Inhibition of in
vitro growth of Shiga toxin-producing Escherichia
coli 0157:H7 by probiotic Lactobacillus strains
due to production of lactic acid. Int J Food
Microbiol. 2001;68(1):135-40.
[DOI:10.1016/50168-1605(01)00465-2] [PMID]

Todorov SD, Dicks LMT. Lactobacillus plantarum
isolated from molasses produces bacteriocins
active against Gram-negative bacteria. Enzyme
Microb Technol. 2005;36(2):318-26.
[DOI:10.1016/j.enzmictec.2004.09.009]

Etienne-Mesmin L, Livrelli V, Privat M, Denis S,
Cardot J-M, Alric M, et al. Effect of a New
Probiotic Saccharomyces cerevisiae Strain on
Survival of Escherichia coli 0157:H7 in a Dynamic
Gastrointestinal Model. Appl Environ Microbiol.
2011;77(3):1127-31. [PMID] [PMCID]
[DOI:10.1128/AEM.02130-10]

Kiymaci ME, Altanlar N, Gumustas M, Ozkan SA,
Akin A. Quorum sensing signals and related
virulence inhibition of Pseudomonas aeruginosa
by a potential probiotic strain's organic acid.
Microb Pathog. 2018;121:190-7.
[DOI:10.1016/j.micpath.2018.05.042] [PMID]

Fakruddin M, Hossain
Antimicrobial and antioxidant activities of
Saccharomyces cerevisiae  IFST062013, a
potential probiotic. BMC Complement Altern
Med. 2017;17(1):64. [PMID] [PMCID]
[DOI:10.1186/512906-017-1591-9]

MN, Ahmed MM.

Year 17, Issue 3 (May — June 2023)

23.

24,

25.

26.

27.

28.

29.

30.

Cho D-Y, Skinner D, Lim DJ, McLemore JG, Koch
CG, Zhang S, et al. The impact of Lactococcus lactis
(probiotic nasal rinse) co-culture on growth of
patient-derived  strains of  Pseudomonas
aeruginosa. Int Forum Allergy Rhinol. 2020;10(4):
444-9. [DOI:10.1002/alr.22521] [PMID] [PMCID]

Asahara T, Shimizu K, Nomoto K, Hamabata T,
Ozawa A, Takeda Y. Probiotic Bifidobacteria
Protect Mice from Lethal Infection with Shiga
Toxin-Producing Escherichia coli 0157:H7. Infect
Immun. 2004;72(4):2240-7. [PMID] [PMCID]
[DOI:10.1128/1A1.72.4.2240-2247.2004]

Carey CM, Kostrzynska M, Ojha S, Thompson S.
The effect of probiotics and organic acids on
Shiga-toxin 2 gene expression in
enterohemorrhagic Escherichia coli 0157:H7. J
Microbiol Methods. 2008;73(2):125-32.
[DOI:10.1016/j.mimet.2008.01.014] [PMID]

Valdés-Varela L, Alonso-Guervos M, Garcia-
Suarez O, Gueimonde M, Ruas-Madiedo P.
Screening of bifidobacteria and lactobacilli able to
antagonize the cytotoxic effect of Clostridium
difficile upon intestinal epithelial HT29
monolayer. Front Microbiol. 2016;7:577.

[DOI:10.3389/fmicb.2016.00577] [PMID] [PMCID]

Trejo FM, Pérez PF, De Antoni GL. Co-culture with
potentially probiotic microorganisms antagonises
virulence factors of Clostridium difficile in vitro.
Antonie Leeuwenhoek. 2010;98(1):19-29.
[DOI:10.1007/5s10482-010-9424-6] [PMID]

Ripert G, Racedo Silvia M, Elie A-M, Jacquot C,
Bressollier P, Urdaci Maria C. Secreted
Compounds of the Probiotic Bacillus clausii Strain
0O/C Inhibit the Cytotoxic Effects Induced by
Clostridium difficile and Bacillus cereus Toxins.
Antimicrob Agents Chemother. 2016;60(6):3445-
54.[DOI:10.1128/AAC.02815-15] [PMID] [PMCID]

DehghanZadeh Z, Koupaei M, Ghorbani Z, Saderi
H, Marashi SMA, Owlia P. Inhibitory effect of
Saccharomyces cerevisiae supernatant and lysate
on expression of lasB and apl genes of
Pseudomonas aeruginosa. Gene Rep. 2021;24:
101247. [DOI:10.1016/j.genrep.2021.101247]

Ansari F, Alian Samakkhah S, Bahadori A, Jafari
SM, Ziaee M, Khodayari MT, et al. Health-
promoting  properties of  Saccharomyces
cerevisiae var. boulardii as a probiotic;
characteristics, isolation, and applications in dairy
products. Crit Rev Food Sci Nutr. 2023;63(4):457-
85.[D0I:10.1080/10408398.2021.1949577]
[PMID]

Iranian Journal of Medical Microbiology


https://www.ncbi.nlm.nih.gov/pubmed/30257614
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6177248
https://doi.org/10.1080/21505594.2018.1518088
https://doi.org/10.1002/jsfa.8147
https://www.ncbi.nlm.nih.gov/pubmed/27868205
https://doi.org/10.1007/s12602-017-9267-9
https://www.ncbi.nlm.nih.gov/pubmed/28293865
https://doi.org/10.3109/13880209.2014.920037
https://www.ncbi.nlm.nih.gov/pubmed/25347359
https://doi.org/10.1016/S0168-1605(01)00465-2
https://www.ncbi.nlm.nih.gov/pubmed/11545213
https://doi.org/10.1016/j.enzmictec.2004.09.009
https://www.ncbi.nlm.nih.gov/pubmed/21131521
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3028742
https://doi.org/10.1128/AEM.02130-10
https://doi.org/10.1016/j.micpath.2018.05.042
https://www.ncbi.nlm.nih.gov/pubmed/29807134
https://www.ncbi.nlm.nih.gov/pubmed/28109187
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5251302
https://doi.org/10.1186/s12906-017-1591-9
https://doi.org/10.1002/alr.22521
https://www.ncbi.nlm.nih.gov/pubmed/31922358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8058912
https://www.ncbi.nlm.nih.gov/pubmed/15039348
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC375161
https://doi.org/10.1128/IAI.72.4.2240-2247.2004
https://doi.org/10.1016/j.mimet.2008.01.014
https://www.ncbi.nlm.nih.gov/pubmed/18328583
https://doi.org/10.3389/fmicb.2016.00577
https://www.ncbi.nlm.nih.gov/pubmed/27148250
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840286
https://doi.org/10.1007/s10482-010-9424-6
https://www.ncbi.nlm.nih.gov/pubmed/20232250
https://doi.org/10.1128/AAC.02815-15
https://www.ncbi.nlm.nih.gov/pubmed/27001810
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4879374
https://doi.org/10.1016/j.genrep.2021.101247
https://doi.org/10.1080/10408398.2021.1949577
https://www.ncbi.nlm.nih.gov/pubmed/34254862

	1. Department of Microbiology, School of Medicine, Shahed University, Tehran, Iran
	2. Department of Microbiology and Immunology, School of Medicine, Kashan University of Medical Sciences, Kashan, Iran
	3. Molecular Microbiology Research Center (MMRC), Shahed University, Tehran, Iran
	4. Department of Microbiology, Qazvin University of Medical Sciences, Qazvin, Iran
	1. Introduction
	2. Materials and Methods
	2.1 Strains and Growth Conditions
	2.2 S. Cerevisiae Culture Condition
	2.3 Supernatant and Lysate of S. cerevisiae
	2.4 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
	2.5 Bacterial Culture Preparation to Determine Toxin Expression
	2.5.1 Determination of Total mRNA
	2.5.2 Total cDNA Determination
	2.5.3 Real-time PCR
	2.5.4 Determination of toxin expression

	3. Results
	3.1 The results of MIC and MBC
	3.2 The results of Real-time PCR

	5. Conclusion
	Acknowledgment
	Funding
	Authorship contribution
	Conflict of Interest

	1.  10.30699/ijmm.17.3.288

