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Abstract: Saccharomyces boulardii was used to examine the changes in different points; the ability to

tolerate bile salts, selection of high zinc yeast and the productivity of vitamin B6; following EMS as

chemical mutagenic agent and protoplast fusion as a genetic engineering method Induction of mutation

in S. boulardii was carried out by 250, 500 and 1000 µl/ml, results revealed that the survival percentages

was decreased by increasing the doses of the amount of EMS where as the survival percentage was 7.9%

at exposure dose 1000 µl/ml. The highest number of mutant were induced as a result of 1000 µl/ml of

EMS applications, which gave the highest mutants percentage 18.5%, eight mutants were isolated as

auxotrophes and their nutritional requirements were determined. S. boulardii and their resulted mutants

were tested for 5% Bile salts tolerance, and selection of high zinc yeast The results showed that mutants

s.bM7 tolerated 5% Bile salt and mutants s.b M6 is a highly zinc yeast. Highly efficient biotherapeutic

yeast S. boulardii strains by interspecific protoplasts fusion. The rate of protoplasts regeneration varied

from 51.2% to 66.1% S. boulardii and K. lactis was characterized by the ability of regenerate the cell

wall. Total protein extraction banding patterns SDS poly acrylamid gel electrophoresis from w.t and their

mutant show specific band of the different EMS treatment and fusant may be referring to the occurred

chain of different character of the S. boulardii and we see the clearly variant, it indicates the change in

protein profiles (banding) and determined the similarity.
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INTRODUCTION

Saccharomyces boulardii is safe, non toxic, non

pathogenic, thermophilic yeast, and it useful in treating

some types of diarrhea , genetic improvement of[16]

Saccharomyces and other yeast strains has traditionally

relied on random mutagenesis or classical breeding and

genetic crossing (i.e., protoplast fusion) of two strains

followed by screening for mutant or fusants exhibiting

enhanced properties of interest . To identify all of[30 ,21]

the genes in Saccharomyces that exert control over the

spontaneous mutation rate, the task is challenging

because genetic selection has been relaxed with respect

to utilization and preservation of yeast, i.e. most strains

have  different  spontaneous  mutation  rates.  Robert

et al.  made a rough estimate of number of genes[25]

involved after EMS-induction for mutations, followed

by the use of the Lassie two-plate search for mutants

with increased or decreased base substitution rates. The

gene manipulation systems have led to the construction

of a set of 6,000 gene knockout strains. Thus far,

progress in studies of yeast strains as model organisms

has depended, in large part, on advanced genetic

methods based on auxotrophic mutations and their

respective marker genes .[17]

Protoplast fusion is versatile technique for inducing

genetic recombination in a variety of prokaryotic and

eukarotic microorganisms. Protoplast is induced to fuse

and form transient hybrids. During this hybrid state, the

genomes may re-assort and genetic recombination can

o c c u r .  T h e  g e n e r a  S a c c h a r o m y c e s  a n d[ 1 8 ]

Kluyveromyces, have been applied to many industrial

processes, industrial strains of these genera are highly

specialized organisms that have evolved to utilize a

range of environments and ecological niches to their

full potential . Different important properties were[23]

determined such as Bile salt, Zinc absorption and   B6

production; we showed the similarity and dissimilarity

between w.t and new strains by SDS-PEG protein

finger printing and statistical analysis . The aim of[10]

this study is to obtain highly efficient biotherapeutic

yeast strains by the genetic improvement (using

mutation by EMS and inter-specific protoplast fusion)

of some important properties of the probiotic S.

boulardii, and determined the similarity between these

strains.
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MATERIALS AND METHODS

Microbial Strains: Pure cultures of Saccharomyces

boulardii and Kluyveromyces lactis kindly obtained
from Microbiological Chemistry Department and Dairy

Department respectively, National Research Centre,
Egypt. As well as some of the selected mutants and

fusants that obtained through these study were used in
this study.

M edia: -CM or yeast extract peptone medium (YEP).

It is essentially the same medium of Cox and Bevan .[2]

-Minimal medium (MM). This is Vogel's Synthetic

medium . This medium was used for the identification[3]

of yeast mutants (auxotrophic strains).

-Minimal medium for Regeneration (MMR) : It[28]

consists of;  0.67% yeast nitrogen base (YNB), 3%

sorbitol, 0.1% glucose, 0.6% KCl and 3% agar.
-Regeneration Minimal medium (Top layer

medium) (MMR1): It is similar to MMR but without
KCl and agar was reduced to 1.8%. This medium was

used for the stabilization of fusion products. 

Methods: 
Mutation Induction: The standard inoculum was

prepared by inoculation of 100 ml conical flasks
containing 50 ml of liquid YEP medium with a loop of

the tested yeast strain. The flasks were incubated at
37ºC for 24 hours. 0.1 ml of this yeast cultures were

used as a standard inoculum. Mutation induction was
carried out by the chemical mutagen (EMS) Ethyl

methane sulfonate. Ethyl methane sulfonate is an
alkylating agent commonly used in laboratory

mutagenesis of cells. As example, addition of an ethyl
group onto the O of guanine modifies its H bonds,-

such it pairs with thymine instead of cytosine. EMS
mutagen was applied in concentrations; 0.0, 0.250,

0.500, and 1000 µl /ml  S. boulardii cell suspension.-1

Where as the cell suspensions of haploid S.

boulardii strain, was prepared in 250 ml. flasks each
containing 100ml liquid YEP. These flasks were

incubated at 37ºC for 24 hours. Yeast cell suspensions
in test tubes were treated with the different EMS

concentrations. Three replicates were used. The tubes
were incubated at 37ºC. For 45 minutes samples of

0.1ml cell suspension with suitable dilutions from each
treatment were plated on YEP. The plates were

incubated at 37ºC for three days. Colonies were
counted for survivals.

Samples of 0.1 ml from each EMS treatment were
plated on CM and MM. Three replicates of each plate

were incubated at 37ºC for 24 hours. The single
colonies that not appeared after  these period of

incubation on MM considered as mutants and then
transferred into test tube contain YEP slant, and

isolated colonies with different shape and color.

Mutation identification and nutritional requirement
of yeast mutant that obtained from each EMS treatment
was identified by replica plating method on the MM
supplemented with one or more amino acid (250
mg/L), vitamins (2.5 mg/L) and nitrogen bases (25
mg/L) according to Kncerova et al.,  and Justin et[15]

al., . [12]

Bile Salt (Tolerance): The ability to grow in the
presence of 1, 2, 3, 4 and 5% Bile salt (tolerance) was
determined for the original S. boulardii (W.T.), and
their selected mutants according to El-Shafie et al; .[6]

Selection of High Zinc Yeast, El Batal et al., :[5]

Atomic absorption spectroscopy (AAS) at (NRC) was
used to determine the concentration of zinc in yeast. 

Protoplast Formation  and Protoplast Fusion:
According to Kawa (2004).

Protoplast Formation: Protoplast were formed with
lytic enzyme from Trichoderma harzianum ( Novozym
234 TM. SIGMA 6mg/cm3, 0.6M KCl incubation up
to 1h at 37ºC. 0.6 M KCl was used as osmotic
stabilizer.

Protoplast Fusion: The fusion of protoplast of
s.boulardii and lactose ferminting yeast k.. lactis was
induced using asolution of polyethylene glycol( PEG
4000) in 10 Mm cacl2(60min at 37ºC) the volume of
the parental and hybrid cells was measured by
microscope and calculated according to Sakai et al.
The obatained hybrids were transferred to YPA slants
and kept at 4ºC after 4.8,12 and 24 weeks of storing.
The stability of hybrids was examind by controlling
their growth in selection medium.

Vitamin B6 Extraction from Yeast: According to
Klejdus et al. (2004).

SDS-PAGE Protein Electrophoresis: Total protein
extraction:  total protein extraction and banding patterns
SDS-polyacrylamide gel  electrophoresis will preformed
according to Horvath et al .[9]

Electrophoresis Conditions: The SDS-PAGE analysis
was performed as follow:  Samples of 10-15 µl
containing about 10-100 ìg protein were carefully
layered under buffer on top of the gel. Electrophoresis
was carried out under a constant current of 25-30 mA
per slab (10x8x0.2 cm) until the tracking dye was near
the bottom of the gel (about . 6 cm). The distance of
the dye migration and the length of the gel were
measured precisely.

Protein Staining: Silver Staining: It was performed
according to Rabilloud et al. . [24]
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Coomassie  Brilliant   Blue  R-25  M ethod:  Neuhoff
et al. .[20]

Gel Documentation System: the gel documentation
system image analysis gel works ID advanced software
was used for more accurate analysis and comparison
between the local strains via biochemical genetic
analysis. This method is recommended to determine the
relationship with in and between of mutant .[7]

Statistical Analysis: The collected data were
statistically computed using the software    SPSS for
Windows (release 9.0.0, Dec. 18, 1998, standard
version, SPSS Inc.). Data were subjected to analyses of
variance and treatment means were compared by an
approximate Duncan s multiple-test (P<0.05) .’ [10]

RESULTS AND DISSCUION

Induction of Mutation: Ethyl methane sulfonate
(EMS), as a chemical method, an alkylating agent
commonly used in laboratory mutagenesis of cells.
Mutation as a result of treatment with different (EMS)
concentrations was achieved by 0.0, 250, 500 and
1000µl/ml yeast cell suspension S. boulardii for 45
min., 12.5%, 18.5% and 18.5% respectively and eight
auxotrophic mutant coloni were isolate.  The survival
percentages were decreased by increasing the (EMS)
concentrations where as the survival percentage was
low (7.9%) at 1000 µl/ml EMS concentration. These
results indicated The relation between the percentage of
survival of S. boulardii and their mutants percentage
were showed in Fig. (1), the percentage of survival
decreased (7.9) but the percentage of mutant increased
(18.5) at the high concentration of EMS 1000 µl/ml,
the low frequency of survival may be due to the high
toxicity of EMS rather than its mutagenic effect. The
toxicity of EMS explained as it disrupts many
metabolic processes; it inhibits the amino acid
accepting ability of TRNA and the synthesis of protein
and interferes with the action of variety of enzyme .[18]

Table (1) showed that the treatment with 250 µl/ml-1

EMS gave two mutants requrining valine and lysine,
and 500 µl/ml EMS gave three mutants glycine,
arginine and adenine,on the other hand in 1000 µl/ml
EMS, gave three mutants too,lysine, tryptophane,
adeninhese results indicated that EMS is a good
chemical mutagen that most commonly causes
transition by methylation of G residues but can yield a
spectrum of mutation such as deletion... etc,  and it
differ not only on the frequency of auxtrophic mutant
but also in their type.

Bile Salt Tolerance: The ability to grow (tolerance) in
the presence of (1-5%) Bile salt was varied among S.
boulardii (W.T) and their resulted mutant strains Table
(2). Data showed clearly that SbM1, SbM7 grow
significantly better than other mutants. Although the

Bile salt concentration of the human G1 tract varies,
the mean intestinal Bile concentration is believed to be
0.3%. This concentration of Bile has consequently been
used in most studies screening for Bile resistant
strains .[1 ,8]

Selection of High Zinc Yeast: Zinc is an essential
nutrient for life. As a structural component of the zinc
finger motifs found in many transcription factors and
as a catalytic co-factor for RNA polymerase, zinc is
required for gene transcription; Table (3) showed that
zinc sulfate concentration were used (0.0, 25, 50, 75
and 100mg/l) the absorption of wild type strain of S.
boulardii (0.4-1.8) comparison with their mutant
especially SbM6 and SbM8, the range become (2.2-3.5)
respectively

SDS-PEG Protein Fingerprinting: Protein Banding
Patterns: Total protein extraction banding Patterns SDS
poly acrylamid gel electrophoresis for eight mutants
resulting  from using three concentration of EMS on S.
boulardii and its mutant are illustrated in Fig. (2).
There is observable difference in the protein banding
pattern for all eight mutants and the control.  Some
minor differences in banding patterns between the
control and the mutants which resulting from the EMS
concentration, 250 µl/ml (lane B, C), 500 µl/ml (lane
D, E, F) but variation to the same extent was also
present between the two treatment,  500 µl/ml (lane D,
E, F), 1000 µl/ml (lane G,H,I).  Data from Fig. (2) are
also reveal that the total bands number for all eight
mutant and their control ranged from 8 bands 250
µl/ml (lane B, C) to 11 bands 1000 µl/ml  (lane G).
The molecular weight ranged from 10-200 KDS.
There are common banding found in all strains. The
result also indicate that the two treatment of EMS
concentration 500 µl/ml (lane D, E, F) and 1000 µl/ml
(G, H, I) have one band at molecular weight 70-85 KD
respectively. While the rest of treatment of EMS
concentration. These results could be used to
distinguish between these treatment. The specific band
of the different EMS treatment may be referring to the
occurred chain of different character of the S. boulardii
and we see the clearly variant in lane G, it indicates
the change in protein profiles (banding). 

Statistical Analysis for SDS- PAGE Data: Package
SPSS system. Significant differences were determined
at p‹0.05. Data from SDS-PAGE were pooled and
transferred into 1 and 0, their were interred into the
input of the program as shown in the dendrograms
below (Fig. 3). The statistical analysis data were
carried out with the statistical software package SPSS
11.5 system (SPSS for Windows, Rel. 11.5.1. 2002.
Chicago: SPSS Inc.) using the method described by
Iruela et al., . The dendrogram generated by (Gel[10]

works 1D) analysis confirmed the above pattern of
diversity using SDS- PAGE found genetic difference.
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Table 1: Nutritional requirement of  the selected S. boulardii  auxotrophic mutants.

Yeast mutant strains Doses of EM S Requirement

µl /ml ---------------------------------------------------------------------------------1

Amino acids Nitrogen bases

S. boulardii (W .T.) 0.0 - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 1 250 Valine -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SbM 2 Lysine -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 3 500 - Adenine

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 4 Glycine -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 5 Argenine -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 6 1000 Lysine -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 7 - Adenine

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sb M 8 Tryptophane -

Fig. 1: The relationship between the percentage of survival and their mutant in S. boulardii

Table 2: Growth behavior of some Saccharomyces boulardii mutants on different bile salt concentrations.

Bile salt conc. S. boulardii isolates
--------------------------------------------------------------------------------------------------------------------------------------------------------
S.b. (W .T.) S.b.M 1 S.b.M 2 S.b.M 3 S.b.M 4 S.b.M 5 S.b.M 6 S.b.M 7 S.b.M 8. 

0 +++ +++ +++ +++ +++ +++ +++ +++ +++
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1% +++ +++ +++ +++ +++ +++ +++ +++ +++
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2% - +++ - - - - - +++ -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3% - +++ - - - - - +++ -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4% - ++ - - - - - +++ -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5% - ++ - - - - - ++ -

# Growth of S. boulardii isolates scored as follows; (+++) Good, (++) Intermediate, (+) poor and (-) No growth. 

Table 3: Organically zinc bound in yeast biomass S. boulardii and their selected mutants.

Zinc sulfate Conc. Amount of zinc sulfate absorbed mg/g biomass of yeast S. boulardii
(m g/l ) ---------------------------------------------------------------------------------------------------------------------------------1

S.b.(W .T) S.b.M 5 S.b.M 6 S.b.M 7 S.b.M 8 
0.0 0.0 0.0 0.0 0.0 0.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25.0 1.0 2.2 0.6 0.3 2.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50.0 1.8 1.8 3.5 1.8 2.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
75.0 0.8 0.8 1.6 0.0 0.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100.0 0.4 0.5 1.3 0.0 0.8
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Fig. 2: SDS-PAGE poly acrylamid gel electrophoresis  Protein of S. boulardii and their selected mutants, (A) w.t
S. boulardii and their mutants (B-I), respectively. 

Fig. 3: Dendrogram of SDS-PAGE proteins for the wild type and its mutants. 

The three EMS concentration 250, 500, 1000 µl /ml-

and the rest of the treatment and in additions of the
control. The total eight mutant and in addition of the
control were classified for the dendrograme into nine
pool clusters. The clusters (A,C) include w.t and M2
(250 µl /ml EMS), these two cluster are so far from
other cluster ( about 30 dissimilarity) they have genetic
similarity of approximately 70%.  On the contrary,
cluster (G, F) M6, M5, (H, E) M7, M4 with very close
distance between them (about 95%), M7, M3 (cluster
H, E). The similarity abont (95%) but M6 (cluster I)
near the last cluster but it is little distance from them
(88%) similarity. M1(B cluster) is little differed, it has
similarity with cluster (A) w.t 95% similarity w.t  S.
boulardii  and other clusters. This result was in
agreement with about data in Fig. (2)

Protoplast Fusion:  Protoplast fusion has made a
significant contribution to our understanding of the
genetics and biochemistry of the nonconventional
yeasts, and it has facilitated the creation of novel
strains of yeast that display enhanced biotechnological
potential. The impact protoplast fusion has made on
our knowledge of the nonconventional yeasts.

Table (4) showed that the rate of protoplasts
formation of the yeast cells in the set conditions
exceeded 91% and was 98% in case of Saccharomyces
boulardii.  It should be noticed that such a high rate of
protoplasts formation of yeast Saccharomyces boulardii
was noted as soon as after 20 minutes of incubation in
lytic solution, whereas in case of k. lactis. 1h.
Javadekar et al.  reported a characteristic[1 1 ]

susceptibility of to Novozyme 234. After incubation of
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Table 4: the rate of   Protoplast formation and protoplast regeneration. 

Yeast strain The rate of protoplast formation % The rate of protoplast regeneration %

S. boulrdii 98 51.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. lactis 91 66.1

these strains 6 mg/cm  concentration of Novozyme,3

they obtained 100% of protoplasts in 15 minutes.

Obtaining the same results of protoplasts formation of

the yeast k. lactis in the conditions presented above

required longer time of reaction. The rate of protoplasts

regeneration varied  from 51 .2%  to  66 .1% .

Saccharom yces boulardii and  k. lactis  was

characterized by the best ability to regenerate the cell

wall. The frequency of fusion did not depend on

diverse conditions of the selection and the fusion of

Saccharomyces boulardii and k. lactis,  The number of

hybrids obtained was 12 hybrid, the efficiency of

genome shuffling is a function of the efficiencies of

generation and fusion of protoplasts, recovery of

protoplast after fusion, recombination between

heterogeneous chromosomes in the diploid or multiplied

cells obtained after fusion and the eventual segregation

of true proto-fusants containing only one genome .[26]

Figure (4) showed the formation of protoplast in

different cell by Novoenzyme 234TM  from

Trichoderma harzianum . (a) S. boulardii parent1, (b) k.

lactis parant2 before protoplast formation, (c) S.

boulardii after protoplast formation, (d) k. lactis after

protoplast formation.

Vitamin B6, Pyridoxal 5'-phosphate (PLP), is the

active cofactor of more than 100 vitamin B6-dependent

enzymes and essential for their catalytic reactions such

as amino acid decarboxylation, elimination, and amino

transfer .  PLP is produced from its precursor[22]

pyridoxine and the B6 vitamers pyridoxal and

pyridoxamine. Whereas almost all bacteria, fungi, and

plants possess their own vitamin B6 biosynthesis. Table

(5) showed  the amount of B6 mg/g (vitamin) which

produced by the two parental strains S. boulardii and

k. lactis and their fusient F1, F2 and F3 are

(.0.8,1.0,1.015.1.13.1.89) respectively the improvement

of producing B6 from fusant (hybrid) comprise with 

parental strains and the standard curve  the products of

fusion should be stable during storage and should not

revert to their premier forms,  which may occur when

taxonomically different species of yeasts undergo the

process of fusion,  for  the reason.  The ability of new

feature after 4, 8, 12 and 24 weeks of storing was

examined by assessing the growing ability of hybrids.

Protein Banding Patterns: Total protein  extraction

band ing P a tte rns SD S po ly acrylamid  ge l

electrophoresis using three strains resulting from

protoplast fusion of S. boulardii & k. lactis  and its

fusant in Fig. (5). There are observable differences in

the protein banding pattern for all three fusant and their

parental. Data from Fig. (5) also reveal that the total

bands number for parents and fusant, 8 bands ( lane1-

2) P1,P2, 7bands ( lane 3,4)F1 and F2 and F3 12

bands (lane 5).  The molecular weight ranged from 12-

70 KDS. The result also indicate that (F1,F2,F3) is

similar as p1 in one  band at molecular weight

between 10-150KD, while (F1,F2,F3) is similarity is as

p2 in one band at molecular weight between30-40 KD

but the molecular weight of bands of bands are

different from one strain to anther.  This result could

be used to distinguish between these fusant and their

parental.

Statistical Analysis for SDS- PAGE Data: The three

fusants ( F1,F2,F3)  and the 2 parents are showed in

Fig. (6) these strains fusants & parents  were classified

for the dendrograme into five pool clusters. The

clusteres (1,2) include parenats and clusters (3,4,5)

include fusants.   Clusters 3,4 is so far from cluster (1)

about 70% similarity.   on other hand clusters    ( 3,4)

with very close distance between them ( about 95%)

but cluster 5 near the cluster 1,2 but it is little distance

from them ( 85%) similarity.

SDS-PAGE

Table 5: the amount of B6 mg/g )vitamin( which produced by the two parental strains and their fusant.

strains Amount of..Pyridoxal 5'-phosphate(B6 mg/g) of yeast mass cells

Two parent and their fusants

S. boulardii 0.8

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. lactis 1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F1 1.015

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F2 1.13

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F3 1.89



Res. J. Cell & Mol. Biol., 3(1): 12-19, 2009

18

Fig. 4: showed that: a: S. boulardii parent1 c: S. boulardii after protoplast formation b: K. lactis parent2 d: K.

lactis after protoplast    

Fig. 5:

Fig. 6: Dendrogram SDS-PAGE proteins for the two parents S. boulardii & k.lactis and its fusant. 
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