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Abstract The probiotic yeast Saccharomyces cerevisiae var
boulardii is widely used as a low cost and efficient adjuvant
against gastrointestinal tract disorders such as inflammatory
bowel disease and treatment of several types of diarrhea, both
in humans and animals. S. boulardii exerts its protective
mechanisms by binding and neutralizing enteric pathogens
or their toxins, by reducing inflammation and by inducing
the secretion of sIgA. Although several S. cerevisiae strains
have proven probiotic potential in both humans and animals,
only S. boulardii is currently licensed for use in humans.
Recently, some researchers started using S. boulardii as heter-
ologous protein expression systems. Combined with their

probiotic activity, the use of these strains as prophylactic and
therapeutic proteins carriers might result in a positive com-
bined effort to fight specific diseases. Here, we provide an
overview of the current use of S. cerevisiae strains as
probiotics and their mechanisms of action. We also discuss
their potential to produce molecules with biotherapeutic appli-
cation and the advantages and hurdles of this approach.
Finally, we suggest future directions and alternatives for
which the combined effort of specific immunomodulatory ef-
fects of probiotic S. cerevisiae strains and ability to express
desired foreign genes would find a practical application.

Keywords Probiotics . Saccharomyces cerevisiae .

Saccharomyces cerevisiae var boulardii . Mechanisms of
action . Expression of heterologous proteins

Introduction

Probiotics are defined by the World Health Organization
(WHO) as Blive microorganisms that can provide benefits to
human [and animal] health when administered in adequate
amounts, which confer a beneficial health effect on the host^
(Vieira et al. 2013). Saccharomyces cerevisiae var boulardii
(henceforth mentioned as S. boulardii), the only yeast ap-
proved as human probiotic, was first isolated in Indochina
during a cholera epidemic, in 1923. Henri Boulard, a French
scientist, whilst looking for novel Saccharomyces strains with
laboratorial or industrial applications, noticed that some locals
who drank a tea made of the tropical fruits mangosteen and
lychee were refractory to the symptoms of the disease.
Analyzing the skin of those fruits, he succeeded in isolating
S. boulardii, which later proved to have probiotic properties
(McFarland 2010). Although S. boulardii belongs to the same
species of S. cerevisiae, it was found to possess a different
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genetic profile, including chromosome IX trisomy and higher
copy numbers of particular sets of genes, including some re-
lated with stress responses (Edwards-Ingram et al. 2004;
Edwards-Ingram et al. 2007; Khatri et al. 2013). We also
assessed recently that S. boulardii has approximately 150×
less δ transposon sequences than S. cerevisiae s288c
(Douradinha et al. 2014), probably due to the lack of haploid
mitotic growth and sporulation processes in the former
(Edwards-Ingram et al. 2004). The referred genetic differences
probably account for the dissimilar metabolic and physiolog-
ical properties shown by S. boulardii (Fietto et al. 2004; Khatri
et al. 2013), as optimal growth temperature at 37 °C, the
mammal host internal temperature, whilst most strains of
S. cerevisiae prefer temperatures no higher than 30 °C
(Fietto et al. 2004). Moreover, S. boulardii is able to survive
the harsh environmental conditions found in the gastrointesti-
nal tract (GIT), tolerating low pH in the stomach and the
presence of bile salts and pancreatic proteases, both in vitro
(Fietto et al. 2004) and in vivo (Rodrigues et al. 2000). Thus,
both its survival fitness and probiotic potential are most prob-
ably related to the above-mentioned genetic differences
(Edwards-Ingram et al. 2007).

Strains of S. boulardii, S. cerevisiae, and Saccharomyces
unisporus have also been isolated from alcoholic beverages
such as Brazilian cachaça (Martins et al. 2005), Ghanaian
sorghum beer (Van der Aa Kühle et al. 2005) and Northern
Caucasus kefir (Diosma et al. 2014), from Greek feta cheese
(Kourelis et al. 2010), Italian sourdough bread (Perricone et al.
2014), and from children’s feces (Kourelis et al. 2010). All
these strains have demonstrated probiotic potential, as indicat-
ed by optimal growth temperature at 37 °C, resistance to GIT
stresses, and other properties. Also, besides S. boulardii, other
S. cerevisiae strains have been approved as animal feed addi-
tives and veterinary probiotics (Pérez-Sotelo et al. 2005;
Ferraretto et al. 2012; Zanello et al. 2013).

Importantly, as a probiotic, S. boulardii is preferred over
probiotic bacteria, such as Lactococcus lactis, due to its natu-
ral resistance to many antibiotics and to the fact that bacterial
probiotics and intestinal microbiota can acquire genes which
confer resistance to antibiotics and pass them on to bacterial
pathogens (Temmerman et al. 2003; Salyers et al. 2004;
Mathur and Singh 2005; Czerucka et al. 2007). Thus, this
probiotic yeast is commonly used in both adults and children
patients who suffer from diarrhea derived from continuous use
of antibiotics (reviewed in Czerucka et al. 2007), especially
those caused by Clostridium difficile, a bacterial pathogen
which causes pseudomembranous colitis (reviewed in
O’Horo et al. 2014), and to alleviate the secondary effects of
the treatment against Helicobacter pylori, a gastritis-causing
bacteria (reviewed in Girardin and Seidman 2011).
S. boulardii is used to treat several types of diarrhea, such as
infectious diarrhea (caused by pathogens such asC. difficile or
rotavirus, which can result both in acute diarrhea in children

and in traveler’s (tourists) diarrhea), diarrhea derived from
Acquired Immunodeficiency Syndrome (AIDS) complica-
tions, and diarrhea resulting from enteral tube feeding
(Sazawal et al. 2006; Whelan 2007; reviewed in Czerucka
et al. 2007; Girardin and Seidman 2011; O’Horo et al. 2014;
Feizizadeh et al. 2014). S. boulardii is also used as an adjuvant
in the treatment of irritable bowel syndrome (IBS), colitis and
related malaises, and inflammatory bowel disease (IBD), as
Crohn’s disease (reviewed in Czerucka et al. 2007; Girardin
and Seidman 2011; Soares 2014).

In this review, we give an overview of the available infor-
mation concerning the mechanisms of action and genetic
transformation of S. cerevisiae probiotic strains. We also pro-
vide suggestions of how those features could be combined to
develop yeast strains with a therapeutic action against patho-
gens which affect mainly the gastrointestinal tract.

Mechanisms of action of probiotic S. cerevisiae
strains

The mechanisms of action of probiotic S. cerevisiae yeasts
have been elegantly described elsewhere (Czerucka et al.
2007; Pothoulakis 2009; McFarland 2010; Martins et al.
2013; Plaza-Diaz et al. 2014). Not surprisingly, and since S.
boulardii has been the most widely probiotic yeast studied, its
mechanisms of action against enteropathogens and disorders
of the GIT are the most well described among all S. cerevisiae
probiotic strains (Czerucka et al. 2007; Tiago et al. 2012). It
has been demonstrated that S. boulardii binds and neutralizes
pathogenic enteric bacteria (C. difficile, Escherichia coli,
Vibrio cholera, Salmonella, and Shigella spp.) and bacterial
toxins (C. difficile, V. cholera, and E. coli) (Brandão et al.
1998; Gedek 1999; Czerucka et al. 2007; Mumy et al. 2008;
Martins et al. 2010; Tiago et al. 2012; Martins et al. 2013).
S. boulardii also affect immune factors, inducing the secretion
of sIgA, tumor necrosis factor-alpha (TNF-α), interleukin
(IL)-1β, IL-5, IL-6, IL-10, and IL-12, as demonstrated both
in vitro and in the colon of murine models (Rodrigues et al.
2000; Czerucka et al. 2007; Foligné et al. 2010; Kourelis et al.
2010; Smith et al. 2014), while downregulating IL-8 expres-
sion by acting in the NF-κB pathway in uninfected
enterocytes (Sougioultzis et al. 2006; Martins et al. 2010)
and also inMAPK and AP-1 pathways in Salmonella enterica
serovar Typhimurium-infected enterocytes (Martins et al.
2010; Martins et al. 2013). S. boulardii also reduces the levels
of pro-inflammatory cytokines IL-6 and TNF-α in models of
colitis and infection with pathogenic E. coli (Dalmasso et al.
2006; Foligné et al. 2010; Plaza-Diaz et al. 2014). In addition,
S. boulardii has trophic effects on enterocytes (reviewed in
Buts and De Keyser 2006), inhibits pathogenic E. coli-medi-
ated apoptosis of T84 colonic cell line in vitro (Dalmasso et al.
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2006), and interferes with bacterial virulence factors (Wu et al.
2008).

S. cerevisiae UFMG A-905, isolated from the Brazilian
distilled spirit cachaça made from sugarcane juice, also
showed potential to be used as a probiotic (Martins et al.
2005), including a higher resistance to GIT simulated stresses
than S. boulardii (Daniel Zamith-Miranda, manuscript in
preparation). In mice treated with S. cerevisiae UFMG
A-905 and later infected with S. Typhimurium and
C. difficile, lower levels of inflammation were observed in
the liver and colon, respectively (Martins et al. 2005).
Treated mice also had a lower mortality rate than naïve con-
trols challenged with S. Typhimurium (Martins et al. 2005;
Martins et al. 2011). S. cerevisiae UFMG A-905 have shown
adhesion to some enteropathogenic bacteria, such as
E. coli, S. Typhi, and S. Typhimurium (Tiago et al.
2012), neutralizing the translocation of the latter from
the GIT to the liver, spleen, and mesenteric lymph nodes
(Martins et al. 2007). This probiotic yeast increased the
production of IL-10 and sIgA in healthy mice (Martins
et al. 2007; Generoso et al. 2010). In a mouse typhoid
fever model, S. cerevisiae UFMG A-905 reduced both
inflammation and IL-6, TNF-α, IFN-γ, and IL-10 levels,
due to modulation of signaling pathways responsible for
the expression of many inflammatory cytokines, such as
NF-κB, AP-1, and MAPK pathways (Martins et al. 2011).

S. cerevisiae 982 was isolated from feta cheese and has
immunomodulatory activity in the small intestine of mice,
by stimulating the secretion of sIgA, TNF-α, IFN-γ, IL-5,
IL-6, IL-10, and IL-12, dependent on toll-like receptors
(TLR)-2, TLR-4, TLR-6, and TLR-9 expression (Kourelis
et al. 2010). S. cerevisiae 982 appears to favor a Th1 response,
while S. boulardii strain KK1, isolated from children feces,
favors a Th2/Treg response, due to the inability of the latter to
stimulate IFN-γ secretion and TLR-4 and TLR-9 expression
(Kourelis et al. 2010). Another S. cerevisiae strain,
LV02/CNCM I-3856, was able to induce secretion of
TNF-α and IL-10 in human PBMCs in vitro and to decrease
the level of serum IL-6 in a mouse colitis model (Foligné et al.
2010; Sivignon et al. 2015). In an in vitro model using porcine
intestinal epithelial cell line (IPEC-1) and enterotoxigenic
E. coli, S. cerevisiae LV02/CNCM I-3856 treatment inhibited
the inflammatory mediators IL-6 and IL-8 induced by bacte-
rial infection (Zanello et al. 2011). This probiotic strain mod-
ulated MAPK pathway and agglutinated E. coli, thus contrib-
uting to the anti-inflammatory phenotype observed. However,
S. cerevisiae LV02/CNCM I-3856 did not prevent disruption
of barrier integrity of IPEC-1 cell monolayer, indicating it
does not act upon E. coli enterotoxins (Zanello et al. 2011).
S. cerevisiae Sc47, a veterinary probiotic widely used in ani-
mal nutrition, also adheres to and neutralizes several
Salmonella spp. (Pérez-Sotelo et al. 2005). Several
S. cerevisiae strains isolated from kefir have shown potential

to diminish inflammatory response in an intestinal epithelial
cell model in vitro (Romanin et al. 2010).

Genetic engineering and heterologous protein
expression in S. boulardii

To date, several S. cerevisiae laboratory strains have been
genetically engineered to express proteins of interest that have
a wide range of biotechnological applications, including
biofuels, pharmaceutical and food industry, and models for
eukaryotic cell mechanisms and physiology research
(Schneiter 2004; Latorre-García et al. 2008; Ardiani et al.
2010; Da Silva and Srikrishnan 2012; Reis et al. 2012).
Strains have been optimized and genetic tools have been de-
veloped and characterized with the ultimate goal of achieving
efficient and low cost production of desired biomolecules.
Most of the genetically engineered S. cerevisiae strains are
haploid, since it is more difficult to genetically modify poly-
ploid yeasts. Also, some genetic manipulations require auxo-
trophic mutants, i.e., strains lacking the ability to synthesize an
organic molecule, which can be restored upon transformation
with a plasmid encoding both the protein of interest to be
expressed and the genetic sequence of such organic molecule.
However, as suggested elsewhere, genetic engineering of
polyploid industrial yeast strains presents the advantage of
higher growth and metabolic rates (Latorre-García et al.
2008). Although probiotic S. cerevisiae strains have been
widely studied for their probiotic potential, very few works
focused on their genetic transformation. Interestingly, in all
those works, S. boulardii was the chosen strain. Genetically
modified probiotic S. cerevisiae strains able to express foreign
proteins with biotherapeutic potential could act against path-
ogens or disorders of the GIT. These strains would have a
synergistically combined probiotic and therapeutic effect and
would also represent safer therapeutic protein carriers when
compared to probiotic bacteria. Different probiotic bacteria
induce diverse immune responses due to different pathogen-
associated molecular patterns (PAMPs) in their surface and
have defined and well-established genetic transformation
tools (Owen et al. 2013). However, the risk of sharing genetic
material carrying antibiotic resistance with pathogenic bacte-
ria is very high and might lead to a multidrug resistant bacte-
rial species (Temmerman et al. 2003; Salyers et al. 2004;
Cummins and Ho 2005; Mathur and Singh 2005; Czerucka
et al. 2007). Thus, different probiotic S. cerevisiae strains
should be preferred as therapeutic protein carriers, since they
also stimulate different types of immune responses as
discussed above and will not exchange genetic material with
other microorganisms.

To the best of our knowledge, the first successful attempt to
transform a S. boulardii strain was done by Edwards-Ingram
et al. (2007). They transformed S. boulardii UL with pAG26,
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a plasmid developed for S. cerevisiae transformations, which
contains the hygromycin resistance gene (Goldstein and
McCusker 1999). The scope was to recover S. boulardii fol-
lowing its administration to mice and allow its isolation from
other microorganisms from intestinal microbiota. Although
the expression of protein was not directly assessed, the surviv-
al of S. boulardii in the medium containing hygromycin indi-
cates the probiotic yeast successfully expressed the heterolo-
gous protein hygromycin B phosphotransferase, which con-
fers resistance to the referred antibiotic (Gritz et al. 1983;
Goldstein and McCusker 1999). Moreover, they were the first
to demonstrate that viably transformed S. boulardii strains can
be recovered after being administered to animal models. More
recently, we were also able to transform S. boulardii MYA-
796 from American Type Culture Collection (ATCC) with
pYC440, a plasmid designed and optimized for S. cerevisiae
expression, carrying also the hygromycin B resistance gene
(Reis et al. 2012), obtaining mutant probiotic yeasts able to
grow in the presence of this antibiotic (Douradinha et al.
2014).

Latorre-García and colleagues, while trying to obtain
Saccharomyces strains overexpressing glucoamylase in order
to produce ethanol from starch, successfully transformed
S. boulardii UL strain (Latorre-García et al. 2008). They were
able to transform several laboratory and industrial
Saccharomyces strains with plasmids encoding the
glucoamylase sequence, under a S. cerevisiae galactose/
cytochrome c hybrid promoter, CYC-GAL, which induces
protein expression once galactose is added to the growth me-
dia. The plasmid used to transform industrial Saccharomyces
strains also encodes the S. cerevisiae 2μ, a yeast replicating
sequence, and the geneticin (G418) resistance gene. Although
S. boulardii UL (also designated S. cerevisiae Y111 by the
authors) had shown a low transformation rate, it was the sec-
ond highest out of the 10 industrial strains tested. Transformed
S. boulardii UL also showed a high level of glucoamylase
activity, indicating successful expression of an active and
functional glucoamylase protein.

More recently, the ability to express molecules with
biotherapeutic potential in S. boulardii was addressed
(Pohlmann et al. 2013; Michael et al. 2013). Michael and col-
leagues successfully expressedmouse IL-10 through S. boulardii
transformation with a plasmid encoding this interleukin se-
quence and using the promoter sequence of S. cerevisiae α-
mating factor, the terminator sequence of the alcohol dehydro-
genase 1 (ADH1), and resistance gene to G418 (aminoglycoside
3'-phosphotransferase) as selection marker (Michael et al. 2013).
The aim was to use IL-10 expressing S. boulardii in a colitis
mouse model, B6-IL10-/- (Kuhn et al. 1993), and evaluate its
therapeutic action using noninvasive magnetic resonance imag-
ing. IL-10 is an anti-inflammatory cytokine which would sup-
press the effector functions of regulatory T cells thus ameliorat-
ing the symptoms of colitis. Although the authors confirmed that

IL-10 produced by transformed S. boulardiiwas functional in an
in vitro assay, both transformed and untransformed probiotic
yeast had the same levels of therapeutic effect in mice suffering
from colitis. Since the observed effect could be derived from the
instability of the IL-10 dimer in vivo conditions, the same au-
thors expressed viral analogs of IL-10 in S. boulardii in the same
conditions described above (Pohlmann et al. 2013). These IL-10
viral analogs, derived fromEpstein-Barr virus (EBV) and human
cytomegalovirus (HCMV),would bemore stable than themouse
IL-10 and less prone to degradation by the host immune system,
as a result of a viral adaptation to host molecules. Both viral
analogs were successfully expressed in S. boulardii and their
functionality confirmed by in vitro assays (Pohlmann et al.
2013), although no test in animal colitis or other conditions using
these probiotic transformants was reported. In another work,
Wang and colleagues successfully expressed antigens of an avian
pathogen, Eimeria tenella, in the surface of S. boulardii (Wang
et al. 2014). Using a surface display system based on the
S. boulardii α-agglutinin proteins 1 and 2 (AGA1p and
AGA2p, respectively), they obtained probiotic yeast
transformants expressing E. tenella microneme-2 antigen
(EtMIC2) and enhanced green fluorescent protein (EGFP) in
the outer membrane of the yeasts. The S. boulardii strain used
was derived from the French company Biocodex, and the plas-
mid contained S. cerevisiae glucose-induced promoter sequences
of 3-phosphoglycerate kinase 1 (PGK1) and translational elon-
gation factor 1 (TEF1) and S. boulardii AGA1p and AGA2p
sequences. The vaccination potential of the EtMIC2 expressing
probiotic yeasts in animal models was not reported.

The isolation of successfully transformed microorganisms
is generally mediated by selective markers encoded by the
plasmids, as performed by the aforementioned research
groups. However, some transformation strategies require
auxotrophic mutant strains, which lack the ability to synthe-
size an organic molecule, e.g., an amino acid, which can be
restored upon transformation with a bicistronic plasmid
encoding both a protein which will produce per turn that or-
ganic molecule and a desired foreign sequence to be
expressed. So far, no natural auxotrophic mutants of
S. boulardii have been reported and only recently auxotrophic
strains of this probiotic yeast were obtained by UV mutagen-
esis (Hamedi et al. 2013; Hudson et al. 2014). Hamedi and
colleagues elegantly described the first URA3 S. boulardii
mutants (Hamedi et al. 2013), obtained by mutagenesis of
the wild-type strain lyo derived from DiarSafe, produced by
the British company Wren Laboratories, Ltd. The authors fur-
ther transformed the ura3− S. boulardii with a commercial
plasmid pGEM-Teasy (Promega) where they inserted the
URA3 sequence of S. boulardii, thus restoring its ability to
produce uracil. In vitro assays showed that the obtained mu-
tants also conserved the probiotic abilities to resist the stresses
found in the GIT, such as bile salts and acidic pH. In another
independent work, Hudson and colleagues, using the
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S. boulardii strain MYA-797 from ATCC, also obtained ura3−

mutants from the probiotic yeast and confirmed the results
obtained byHamedi and colleagues regarding stress resistance
and complementation with an URA3 plasmid (Hudson et al.
2014). They also showed that these mutants could grow in
anaerobic conditions, as they would face in GIT, and success-
fully transform them with a GFP sequence encoding plasmid,
which was functionally expressed by ura3- S. boulardii mu-
tants, as determined by flow cytometry. Moreover, they dem-
onstrated that viable and GFP-expressing ura3− S. boulardii
cells can be recovered after oral administration from mice
Peyer’s patches, lymphoid organs found in the small intestine.

A major concern shared by all potential platforms of bio-
medical and veterinary use is the toxicity levels and conse-
quent nefarious effects (Gottardi and Douradinha 2013). As
for any biotherapeutic approach, transformed probiotic yeasts
should be subjected to extensive tests in order to confirm if
transformation and expression of foreign genes would either
lead to any level of toxicity or to the impairment of their
probiotic potential. Initial tests in vitro and in animal models
will indicate any potentially toxic side effects that would pre-
vent moving forward to human trials. In fact, in some of the
aforementioned works, transformed S. boulardii was admin-
istered to animal models and neither undesirable side effect
nor loss of probiotic effects were reported (Edwards-Ingram
et al. 2007; Michael et al. 2013; Hudson et al. 2014). Thus,
human trials with transformed probiotic yeasts are most likely
to occur with no setbacks.

Many transformation techniques have been developed and
successfully used in S. cerevisiae: lithium acetate, electropo-
ration, biolistic, the spheroplast, and the glass beads tech-
niques (reviewed in Kawai et al. 2010). In the works refer-
enced above, transformation of S. boulardiiwas only achieved
with the lithium acetate protocol (Pohlmann et al. 2013;
Michael et al. 2013; Douradinha et al. 2014; Hudson et al.
2014; Wang et al. 2014) and the electroporation approach
(Hamedi et al. 2013; Hudson et al. 2014). It is presently un-
known if the other referred transformation techniques would
either be effective or if they would increase the transformation
rate of probiotic S. cerevisiae strains. Also, transformation of
probiotic S. cerevisiae strains other than S. boulardii has not
yet been reported. Equally, transformation aiming integration
in the genome of any of the aforementioned probiotic yeasts
has also not been achieved at the present.

Probiotic S. cerevisiae strains available genetic
information

The genomes of some probiotic S. cerevisiae strains have been
made public recently and all have 95 % or higher homology
with the non-probiotic S. cerevisiae strain s288c (Khatri et al.
2013; Batista et al. 2014; Douradinha et al. 2014). Since there

are innumerous techniques, plasmids, and other DNA se-
quences optimized and used successfully in genetic manipu-
lation of laboratorial non-probiotic S. cerevisiae strains (Da
Silva and Srikrishnan 2012), the similarity among different
strains at the genetic and protein level justifies the application
of these genetic tools for probiotic S. cerevisiae transforma-
tion. In fact, most of the aforementioned works concerning
genetic manipulation of S. boulardii used either genetic se-
quences fully (Latorre-García et al. 2008; Pohlmann et al.
2013; Michael et al. 2013; Douradinha et al. 2014; Hudson
et al. 2014) or partially (Wang et al. 2014) derived from non-
probiotic S. cerevisiae strains. Only two works used
S. boulardii homologous sequences (Hamedi et al. 2013;
Wang et al. 2014). The ideal approach to ensure efficient
and successful genetic manipulation of the probiotic yeasts
would be the use of genetic tools carrying promoters, tran-
scription terminator, or other sequences derived from the tar-
get strain, as already pursued by some (Wang et al. 2014). It is
now possible to use such approaches since the genomes of
some S. boulardii strains are available online (Khatri et al.
2013; Batista et al. 2014; Douradinha et al. 2014) and the
genome of the probiotic strain S. cerevisiae UFMG A-905
has just been made accessible (Thiago Mafra Batista, personal
communication).

It is noteworthy to mention that we have identified differ-
ences between S. cerevisiae s288c and S. boulardii potential
genetic tools, such as the low level of δ transposon sequences
and resistance to canavanine, both in the former (Douradinha
et al. 2014). However, as mentioned above, S. boulardii ex-
hibits higher copy numbers of some genes and aneuploidy.
Thus, the differences observed concerning δ transposon se-
quences number and resistance to canavanine might derive
from these genetic dissimilarities and probably are present in
other likewise aneuploid S. cerevisiae strains, regardless or not
if they possess probiotic potential.

Future directions

S. cerevisiae genetic manipulations have helped us to unravel
many of the physiological and metabolic processes of the
eukaryotic cell, and have been routinely use to produce mol-
ecules of biotechnological relevance (Ardiani et al. 2010; Da
Silva and Srikrishnan 2012; Reis et al. 2012). More recently,
transformation of S. boulardii showed it is possible to use this
probiotic yeast to also produce molecules with industrial
(Latorre-García et al. 2008) and biotherapeutic potential
(Pohlmann et al. 2013; Michael et al. 2013; Wang et al.
2014). For instance, probiotic strains could be engineered to
express antigens for specific intestinal disorders, such as mu-
cin MUC-1 for colon cancer (Byrd and Bresalier 2004) or
adhesion protein intimin for pathogenic E. coli O157:H7
(Gedek 1999; Oliveira et al. 2012). S. cerevisiae strains with
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proven probiotic potential could be used as delivery agents of
desired biomolecules: they can better withstand the host tem-
perature of 37 °C and stresses found in the GIT (Fietto et al.
2004; Martins et al. 2005; Van der Aa Kühle et al. 2005;
Diosma et al. 2014; Perricone et al. 2014) and present immu-
nomodulatory properties (Martins et al. 2007; Czerucka et al.
2007; Foligné et al. 2010; Generoso et al. 2010; Romanin
et al. 2010; Kourelis et al. 2010; Martins et al. 2011; Zanello
et al. 2013; Martins et al. 2013; Smith et al. 2014; Plaza-Diaz
et al. 2014). Interestingly, some of the probiotic S. cerevisiae
strains elicit different immune responses (Kourelis et al.
2010). Such potential could be used to transform certain
strains with desired therapeutic molecules and use their
immunomodulation potential to favor an immune response
which would be more beneficial to the particular pathology
addressed. However, as referred above, to take full advantage
of the potential of these yeasts as delivery vectors for such
biomolecules, genetic tools and strategies should be adapted
to the S. cerevisiae strain used. Due to the growing interest in
using S. boulardii as an expression vector for molecules with
biotechnological potential, we have no doubt that studies
using other S. cerevisiae probiotic strains will be pursued
and, consequently, the genetic information made available.
We believe that probiotic S. cerevisiae strains have the poten-
tial to become effective delivery agents, especially for
malaises occurring at the GIT level.
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