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ABSTRACT

Probiotics are viabl e defined microorganisms (bacteriaor yeasts) that exert abeneficial effect onthe health of
the host when ingested in adegquate amounts. Screening for such biotherapeutic agentsiscommonly performed
by invitro assays simulating gastrointestinal environment to determinethe ability to surviveinthedigestive
tract. In the present study, the possibility of extrapolation of data obtained in in vitro assays to in vivo
conditions was studied using five Saccharomyces cerevisiae strains isolated from Brazilian Atlantic rain
forest. Trehalose contents and survival after exposure to a combination of physiological stresses generally
found in the gastrointestinal tract of humans were determined for the five yeasts and compared to the
behavior of Saccharomyces boulardii, a well-known probiotic. The results were completed with the
colonization capacity of the gastrointestinal tract of gnotobiotic mice by these yeast strains. Some results
obtained by invitro assays are not confirmed by in vivo experiments, indicating that the extrapol ation cannot

be always done.
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INTRODUCTION

Due to the increase in antibiotic resistance, there is a
conscious research to found new treatments with minimal
secondary effects, mainly for enteropathogenic infections,
“through increasing immunization coverage with existing
vaccines, and through the development of newer, more
effective and safer vaccines. In addition, several older forms
of therapy, including bacterial interference, serum therapy and
the use of macrophages to kill organisms, may be worth
reconsidering” (4). Inthisway, probiotics have been suggested
as one of the possible alternatives. Probiotics are commonly
considered as viable defined microorganisms (bacteria or
yeasts) that exert a beneficia effect on the health of the host
when ingested in adequate amounts (5). These microorganisms
are widely used in pharmaceutical preparations or fermented

dairy products (10). In addition to their nutritive value, yeasts
appear to provide beneficial modulation of disturbances of the
gastrointestinal ecosystem (1) and among them, Saccharomyces
boulardii may be regarded as the most used and studied
probiatic (8,16).

Theoretically, any non-pathogenic bacteria, fungi, yeasts
or protozoan are possible candidate for probiotic use. However,
the number and the diversity of these microorganisms makethe
screening of biotherapeutic agents among them a very hard
task. A simple and efficient method for this selection is needed
to processavery high number of microorganisms. Invivo assays
aretime consuming and involve alarge quantity of animal groups
and for these reasons are used only after the selection of a
limited number of probiotic candidates. One proceduregeneraly
described inliterature concerned isthein vitro screening based
on the capacity of a microorganism to survivein the simulated
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conditions of the digestive tract since thisisindispensable for
aprobiotic to act.

The microorganism used as probiotic must confront avariety
of simultaneous or sequentia adverse conditions such as mild
heat shock (internal body temperature), acidic gastricjuice, basic
pancreatic juice and the presence of lysozyme and bile salts
(20). Thisproblemisparticularly important when the probiotics
arenot originally from the digestive tract of mammals, asisthe
case for Saccharomyces strains. In this context, in vitro
selection of probiotic microorganismsis done by the exposure
of microbial candidates to conditions simulating the
gastrointestinal conditions and determination of its survival.
All microorganisms have the capacity of detect changes in
environments and to cope with the deleterious effects of this
ateration with rapid molecular responsesto repair damage and
protect themselves against further exposure to stress. One of
the best-characterized responses involves the synthesis of
trehalose. Intracellular accumulation of trehalose has been
associated with increased thermotol erance of bacterial, yeast,
and fungal cells(21). Besides heat, other stress conditionssuch
as CuSO,, H,0, or ethanol concentrations and dehydration can
aso induce trehalose synthesis (3,9). Since in most cases a
close correlation between trehal ose has been associated with
increased tol erance of bacterial, yeast and fungal cells (21), the
screening of yeast strains were starting using the capacity of
yeast cells to accumulate trehalose. However, it is not very
clear if results obtained in in vitro experiments can be always
extrapolated to in vivo environment.

In the present study, the correlation between in vitroand in
vivo assays used for the selection of possible probiotic yeast
was studied.

MATERIALSAND METHODS

Yeast strainsand cultureconditions

Fiveyeast strainswereisolated from different microhabitats
in the Atlantic rain forest of South East Brazil (Table 1). The
strains were al identified as Saccharomyces cerevisiae by
standard methods (11). Saccharomyces boulardii was obtained
from Merck S.A. (Floratil®, Rio de Janeiro, RJ, Brazil). Cells
were routingly grown in Y PG medium (1% yeast extract, 2%
bactopeptone, 2% glucose) incubated at 30°C with agitation at
150rpm.

Mice

Germ-free 21-days-old NIH mice (Taconic, Germantown, NY,
USA) of both sexeswere used in this study. Germ-free animals
were housed in flexible plastic isolators (Standard Safety
Company, McHenry, IL, USA) and handled according to
established procedures. Experimentswith gnotobiotic micewere
carried out inmicroisolators (UNO Roestvastaal B.V., Zevenar,
The Netherlands). Water and commercial autoclavable diet
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(Nuvital, Curitiba, PR, Brazil) were sterilized by steam and
administered ad libitumto the animals. Controlled lighting (12
hlight, 12 h dark) wasused for all the animals. All experimental
procedures were carried out according to the standards set
forthinthe“ Guidefor the Care and Use of Laboratory Animals”
of the National Research Council (18).

Heat shock

Cultures harvested in exponentia phase (confirmed by the
glucoselevespresented on liquid medium) weredivided into two
aliquots. One was maintained at 30°C (control) and the other
exposed to mild heat shock at 37°C. The incubation time varied
depending on the experiment and when longer than 1h, 2% glucose
was added to ensure that cells remained in the exponential phase.

Gastricand pancreaticjuicestresses

Cells harvested in exponential phase were submitted to
simulated gastric and pancreatic juices according to Charteris
etal. (7). Juiceswere prepared with pepsin (3.0g 1) or pancresatin
(1.0g 1Y) insaline(0.5%, wiv), the pH being adjusted, respectively,
to 2.0 or 8.0with 1M HCl or 0.1M NaOH before 2% glucosewas
added to each preparation. Control cellswereincubated in Y PG
medium. Combinations of experimentswere performed at 30°C
and 37°C.

Bile salts stress

Culturesharvested in exponential phase weretransferred to
Y PG medium supplemented with a mixture of 0.2% bile salts,
containing approximately 50% sodium cholate and 50% sodium
deoxycholate (Sigma Chemical Co., St. Louis, MO, USA) and
incubated during 60 min at 30°C or 37°C.

Deter mination of trehalosecontents

Attheend of the experimental period, sampleswere harvested
by vacuum filtration and the cell pellets were scraped off the
membranesand immediately frozeninliquid nitrogen. Thepellets
were stored at -20°C and used to determine trehal ose content as
previously described (19).

Determination of survival

At the end of the experimental procedure, cell suspensions
were appropriately diluted and spread onto plates containing
Y PG agar medium. Cell viability was measured by colony forming
units(cfu) countsafter incubation at 30°C during 2-3 days. The
survival fraction was calcul ated separately for each sampleasa
percentage relative to survival of unstressed control samples.
Results were expressed as the means of two viability values
with astandard deviation < 9.5%.

Animal treatments

A singledose of 108 viable cellsof each S. cerevisiaestrain
was administered to germ-free mice (five animals/group) by
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intragastric intubation. During 10 days freshly feces were
collected, diluted 100 fold in saline and vortexed. Serial 10fold
dilutionsweremade and 0.1 ml plated onto Sabouraud Dextrose
agar (Difco, Sparks, MD, USA) and incubated at 37°C. The
colony unit counts were determined after 2-3 days.

Satistical analysis

Trehalose contents were calculated from the mean of a
minimum of three or nineindependent experimentsfor stressor
control conditions, respectively, and analyzed for statistical
significance by two-tailed Student’s t-test, using the Epistat
computer program (T.L. Gustafson, Round Rock, TX, USA).
Thesignificancelevel wasset at p < 0.05.

RESULTSAND DISCUSSION

Table 1 showstheinfluence of simulated gastric environment
(independent or simultaneous exposures to mild heat shock
and/or strong acidic conditions) on the trehal ose contents and
survival of the S cerevisiae isolates tested as well as of S
boulardii. Basal trehal ose contents (Y PG, 30°C) were higher in
theyeast isolates (ranging from 0.74 + 0.48t05.03 + 2.92 pmoles
glucose g* wet weight) when compared to S. boulardii (0.20 +
0.18 umoles glucose g* wet weight). Both mild heat and acidic
treatmentsinduced the accumulation of high trehaloselevelsin
all the strains. This effect is more pronounced after heat
exposure, excepted for UFMG 24. Relatively, the induced
accumulation of trehal ose contents was higher in S, boulardii
(28.1 and 63.3-fold increasein responseto acidic and mild heat
shock, respectively) than in yeast isolates (3.8- to 10.9-fold
increasefor acidic stressand 4.6 to 21.3-fold for mild heat shock).
A higher synergistic effect on trehal ose accumulationswas also
observed for S boulardii (92.0-fold) when yeast cells were

exposed simultaneously to mild heat and acidic stressesthan S.
cerevisaeisolates(7.7t0 20.2-fold). The UFMG 21 and 23 strains
presented lower trehalose contents in all situations when
compared with the other isolates, as well as a lower survival
rate. However, even with similar trehalose levels, S. boulardii
showed a good survival rate under the different conditions of
stress. Overall, there was no direct correlation between the
absolute levels of trehalose in the stressed cells and their
viability.

The presence of 2.0 mg mi* of bile saltsinduced arelative
increase in trehalose contents only for S. boulardii and S.
cerevisiae UFM G 20 and 21 (Table 2) and the values observed
were lower than those obtained in response to acidic and/or
mild heat stresses. Exposure to bile salts constituted a highly
aggressive stressfor S boulardii, sinceall the cellsdied after 1
h of thistreatment. The other strainswere moreresistant to this
condition and at 30°C the presence of bile saltswasresponsible
for no more than 25% mortality. The simultaneous exposure to
bile salts and mild heat stresses led to higher relative increases
in trehalose contents of all the yeasts tested, except for S
cerevisiae UFMG 20. This stress combination was more
deleteriousonly for S. cerevisiae UFMG 24, the survival of this
strain falling to 25%. I n yeasts exposed to bile saltsand/or mild
heat stress, there was again no direct correlation between
absolute levels or relative increase in trehal ose content of the
stressed cells and their viability.

Theincubation of yeast cellsin the presence of asimulated
pancreatic juice increased the intracellular trehal ose contents
of all the strains tested (Table 3). Asfor gastric simulation, S.
boulardii showed the highest relative increase (94.1- or 160.2-
fold, respectively, for pancreatic juice stress alone or in
combination with mild heat shock). Overall, pancreatic juice
simulation seemed to be the most deleterious condition for al

Table 1. Baselinetrehalose levels and effect of simulated gastric conditions (exposure to acidic and mild heat stresses, singly or
simultaneously) on trehal ose accumulation and survival of isolates of S. cerevisiae strains and S. boulardii.

Strain Micro-habitat Baselinetrehalose Alteration of trehalose content induced by stress
(umoles glucose g* wet (x foldin relation to baseline contents) / Survival (%)
weight) contents' / (%) Gagtricjuic?  Mildheat®  Gastricjuice+ mild heat?

S. boulardii Floratil®?2 0.20+0.18/100 28.1% /91 63.3* /78 92.0* /89
UFMG20 Drosophila® 211+1.12/100 10.9* /70 12.4* /70 18.7* /59
UFMG21 Drosophila® 0.74+0.48/100 6.8* /51 21.3* /76 15.4** /31
UFRMG22 Drosophila® 1.96+1.14/100 8.1* /92 15.5* /63 20.2* /80
UFMG23 Tropical fruit? 0.95+0.85/100 3.8*/25 11.1* /102 11.2** /15
UFMG24 Estuarye 5.03+2.92/100 45+ /112 4.6 /99 7.7%** |81

Y PG, 30°C. 2Pepsin 3.0g %, 30°C, pH 2.0, 2.0% glucose. 3Y PG, 37°C. *Pepsin 3.0 g 12, 37°C, pH 2.0, 2.0% glucose. ™M ERCK S/A Pharmaceutical
Industries, Rio de Janeiro, RJ, Brazil. Pl solated from Tropical Forest, Brazil. °lsolated from Tijuca Forest, Brazil. Y| solated from asmall tropical
fruit from Atlantic Rain Forest, RJ, Brazil. ¢l solated from estuary in Rio de Janeiro, RJ, Brazil. * Significant difference from baseline levels.
** Significant differencefrom acidic stresslevelsaone. *** Significant difference from mild heat stresslevelsalone.

52



Table 2. Baseline trehalose contents and effect of bile salts
exposure and mild heat stress, singly or simultaneously, on
trehal ose accumulation and survival of isolatesof S. cerevisiae
and S. boulardii.

Trehalose and screening of probiotic yeast

Table 3. Baseline trehalose contents and effect of simulated
pancreatic juice and mild heat stress, singly or simultaneously,
on trehalose accumulation and survival of isolates of S.
cerevisiae and S. boulardii.

Strain  Baselinetrehalose  Alteration of trehalose Strain  Baselinetrehalose  Alteration of trehalose
(umolesglucose content induced by stress (umolesglucose content induced by stress
glwet weight) (xfoldinrelationtobasgine g!wet weight) (xfoldinrelationtobaseline
contents! / (%) contents) / Survival (%) contents! / (%) contents) / Survival (%)
Bilesdts’ Bilesdts+ Pancreatic Pancreaticjuice
mild heat® juice? +mild heat®
S boulardii 0.20+0.18/100 2.25/1 4.4%* |0 S boulardii 0.20+0.18/100 94.1*/36 160.2¢/21
UFMG20 211+112/100 5.3*/128 5.9* /85 UFMG20 211+112/100 16.7%/42  184*/33
UFMG21 0.74+048/100 6.9%/110 28.7**/63 UFMG21 0.74+048/100 45*/38  284**/41
UFMG22 196+114/100 -1.3/85 14.6** / 68 UFMG22 196+114/100 23.0+/53 333*/51
UFMG23 0.95+0.85/100 -1.7/91 11.6** /60 UFMG23 0.95+0.85/100 2.9/49 19.2%* | 37
UFMG24 503+292/100 -1.2/95 32¢* /21 UFMG24 5.03+292/100 6.6*/40 9.9* /27

YPG 30°C. 2Y PG, 30°C, 2.0 mg ml** bile sdts. 3Y PG 37°C, 2.0 mg ml*
bile salts. * Significant difference from baseline levels. ** Significant
difference from bile salts stresslevels alone.

the yeasts tested, with survival rates ranging from 36-53%.
Simultaneous mild heat and pancreatic juice stresses
significantly increased trehal ose content only for S. cerevisiae
UFMG 21 and 23 when compared to pancreatic juice alone, but
without any marked changein survival rate.

Table 4 showsthe yeast counts (log cfu g1) during ten days
in the feces of gnotobiotic mice after a single intragastric
inoculum of 10® cells. The S boulardii strain presented the
higher number in the first day, but this number decreasein the
period studied. ThestrainsUFMG 21, 23 and 24 showed agood
colonization. Thestrain UFM G 21 presented more stable count,
during these 10 dayswhen compared with the strainsUFMG 23
and 24. The strains UFM G 20 and 22 were not ableto colonize
the gastrointestinal tract of gnotobiotic mice.

In vitro studies have been used to evaluate various
properties of microorganismsas criteriafor the selection of
potential probiotics. Among these, tolerance to mammal
body temperature, low gastric pH, bile salts and intestinal
juices seem to be very important for survival (10) since

1Y PG 30°C. 2Pancreatin 1.0 gl, 30°C, pH 8.0, 2.0% glucose. *Pancreatin
1.0 glIt, 37°C, pH 8.0, 2.0% glucose. *Significant difference from
baselinelevels. ** Significant difference from pancreatin stresslevels
aone.

particularly those with recurrent Clostridium difficile-
associated diseases (22). Taxonomically, recent studies of
mitochondrial DNA showed that S. boulardii is part of the
Saccharomyces sensu stricto complex, being closely related to
S cerevisiae (13) and form a separate cluster located within
the species (17). Other Saccharomyces spp. or members of
other yeast genera may have probiotic activity similar to that
of S boulardii or even better, as already demonstrated by
Martins et al. (14,15) in mice models. The objective of this
work was to determine whether higher trehalose levels or the
capacity to produce large amounts of this sugar were
advantageous to microbial survival in in vitro experiments
simulating different stress conditions commonly present in the

Table 4. Yeast counts (in log cfu g* of feces+ SD) during ten days
inthefeces of gnotobiotic mice after asingleintragastricinoculum
of 108viablecells.

they represent the first physicochemical barriers to
microorganisms entering in the digestive tract.
Very few types of yeast have been studied as possible

Strain Time (days)

1 4 7 10

biotherapeutic agents and S. boulardii is one of the first
and currently the only one employed in human medicine.
Both animal studies and in vitro assays have shown that
S boulardii may have a protective effect and specific
activities against various enteric pathogens (6,20).
Controlled clinical trials in humans have also shown the
therapeutic properties of S. boulardii in patients,

S. boulardii

720£025 429+0.13 423+100 3.74+0.37
UFMG20 0 0 0 0
UFMG21 583+056 529+094 529+094 518+0.34
UFRMG22 0 0 0 0
UFMG23 6.76+0.29 4.83+060 5.33+0.33 533+0.33
UFMG24 692+0.14 526+037 6.11+041 586+0.09
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gastrointestinal tract and if these results can be extrapolated
to in vivo situation.

Highinitial levels of trehalose (UFMG 20, UFMG 22 and
UFMG 24) or the capacity to induce high trehal ose production
(S boulardii) seemto beinvolved partialy inanimproved cell
survival at pH 2.0 and mild heat shock. Significant numbers of
S cerevisiae cells survived exposure to 2 mg ml of bile salts
(Table 2) but induction of trehal ose synthesiswas observed for
only two strains (UFM G 20 and UFM G 21). On the other hand,
S boulardii showed extreme sensitivity to bile salts and its
cells were unable to survive this treatment. Determination of
the susceptibility of microorganisms to bile salts is a very
important step inthe selection of intestinal probiotics. Bile stress
for ingested microorganismsis complex because concentrations
and persistence times vary along the various portions of the
small intestine. The mechanism of tolerance is not fully
understood and the minimum acceptablelevel of biletolerance
for acandidate probiotic also remainsunknown (12). Conditions
that simulated the small intestine at physiological temperature
(Table 3) were aggressiveto yeast cdls, as confirmed by survival
rates. Induction of trehal ose synthesisby yeast cellswassimilar
to that observed after exposure to simulated gastric juice.
However, these increased trehalose levelsin S boulardii were
not associated with high survival, as observed under acidic
conditions.

Theresults of the present study confirm that the conditions
present inthe gastrointestinal tract are very aggressivefor yeast
cells and induce trehalose biosynthesis. However, direct
correlation between yeast survival and trehalose levels after
exposure to stress conditions was not always found. This lack
of correlation has been al so observed by other authors (2). The
results also showed that only after exposure to bile saltsthe S.
cerevisiae isolates withstood stress conditions better than S
boulardii. Additionally, the initial cellular levels of trehalose
were higher in the former than in the commercialized yeast.
Despite of the fact that in vitro test of the five strains showed
very good performance; there was no absol ute correl ation with
the colonization of the gastrointestinal tract of gnotobiotic
animals. We concluded that the favorable results obtained in
vitro were not always confirmed under in vivo conditions.

Asoneof thelargest, most biodiverse countriesintheworld,
Brazil may providearich source of microorganismsfor potential
probiotic use. In the present study, yeast strains isolated from
Brazilian Atlantic rain forest were tested as possible
biotherapeutic for intestinal infections. Yeasts identified as S
cerevisiae were sel ected because they are already known to be
relatively safe microorganisms that are genetically very close
to S. boulardii. Once S boulardii was isolated from lychee
fruit, we have searched some ambiental yeastsfor probiotic use
and we have searched them among the S. cerevisiae speciesfor
their non pathogenic capacity and for their taxonomic similarity
with S. boulardii.
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RESUMO

Efeito datrealose na selecdo delevedurasparauso
como probidticos utilizando testesin vitro ein vivo

Probi 6ti cos sdo definidos como microrganismos (bactérias
e leveduras) que exercem um efeito benéfico na salde do
hospedeiro quando ingeridos em quantidades adequadas. A
selecéo desses agentes bioterapéuticos normalmente é feita
por testes in vitro simulando o ambiente gastrointestinal que
determina a capacidade de sobrevivéncia no trato digestivo.
Neste trabalho, a possibilidade de extrapolacdo dos dados
obtidos nostestesin vitro paraas condicfesin vivo foi estudada
utilizando cinco linhagens de Saccharomyces cerevisiae
isoladas daflorestaAtlanticabrasileira. O contelido detreal ose
e a sobrevivéncia apds a exposicao a diversos estresses
fisiol6gicos geralmente encontrados no trato gastrointestinal
de humanos foram determinados para as cinco linhagens e os
resultados comparados com a Saccharomyces boulardii, um
probi6tico conhecido. Esses resultados foram compl etadoscom
a capacidade de colonizagdo do trato gastrointestinal de
camundongos gnotobi éticos pelas leveduras. Pelos resultados
obtidos, concluimos que ostestesin vitro ndo sao confirmados
pelos ensaios in vivo, indicando que essa extrapolacdo nao
pode sempre ser feita.

Palavras-chave: Probiético, Saccharomyces boulardii,
Saccharomyces cerevisiae, estresse, treal ose.
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