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ABSTRACT: Osmotolerant yeast isolated from soy paste could grow on media with 2 M NaCl. This strain was
identified as Zygosaccharomyces rouxii by biological characteristics, RFLP of ribosomal DNA and mating with
compatible haploid strain. Growing rate of the Z. rouxii YDJ was slower than Saccharomyces cerevisiae. Z. rouxii
YDJ accumulated trehalose, which is known as one of the osmolytic protectants, in cells cultured on media with
salt. Enzyme activity of trehalose phosphate synthase related to trehalose biosynthesis of the YDJ was lower than
those of S. cerevisiae. Trehalase activity related trehalose degradation was also lower in Z. rouxii YDJ than S.
cerevisiae. However, as Z. rouxii accumulated trehalose by salt treatment, salt tolerancy of Z. rouxii was assumed

to be related to trehalose in additon to glycerol.
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Soy paste is traditional fermented food which is very
salty and preserved for a long period under ambient con-
dition. Zygosaccharomyces rouxii was known ‘as osmo-
phillic yeast (Jermini, 1987) which is associated with
spoilage of syrups or high sugar food and is important for
the development of flavor of soy sauce or soy paste
(Onishi, 1963). The organism has tolerance to high con-
centrations of NaCl in the growth medium and accumul-
ates glycerol or other polyols in response to increasing
concentrations of salt (Zyl, 1990). Osmotic stress induced
the accumulation of trehalose in Escherichia coli (Giaever
1988, Styrvold 1991) and some cyanobacteria (Reed 1986).
Trehalose was also observed to be accumulated in cells of
Saccharomyces cerevisiae and Tolulaspora delbrueckii that
have been osmotically shocked (Nakata 1995). Trehalose,
is a non-reducing disaccharide of glucose, related to pro-
tection against environmental stresses such as desiccation,
high osmolarity, frost, and heat. Trehalose also preserves
various unstable products such as enzymes, foods, pharma-
ceuticals, and cosmetics.

In this paper we isolated a microorganism enduring on
high salty soy paste and investigated its morphological
characteristics, physiological traits, and DNA hybridization
to identify the strain. We also estimated the carbohydrate
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production in cells to investigate the fundamental pheno-
menon related to salt tolerance.

Materials and Methods

Strains and culture condition

Two yeast strains were used in this experiment and one
is YDJ isolated from soy paste and stocked as KACC
(Korean Agricultural Culture Collection) 201271 in NIAST
and the other is S. cerevisiae KACC 201270 which is a
commercially available yeast for bread making as a salt
sensitive strain. Z. rouxii 14679 and 14680 were purchased
from ATCC for mating type identification of Z. rouxii
YDJ (Wickerham, 1960). Cultures were grown at 30°C
on a rotary shaker (180 rpm) in YPD or YM (Difco). As-
cospore formation was conducted on sporulation media
(1% potassium acetate, 0.1% yeast extract, 0.05% glucose,
and 1.5% agar) for S. cerevisiae (Ausubel, 1995) and yeast
maintenance agar (3 g yeast extract, 3 g malt extract, 5 g
peptone, 10 g glucose and 20 g agar per liter) containing
2% NaCl for Z. rouxii (Wickerham, 1960).

Identification of yeast strain

The following characteristics were tested: morphology
of vegetative cells and modes of their reproduction, meta-
bolic fingerprint, cellular fatty acid composition and analysis
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of quinone by HPLC.

Electron microscopic observation

Asci produced in sporulation medium were collected by
centrifugation and solidified by addition of 5% agar. Sam-
ples were cut with 1X1X3 mm and prefixed in 1% glu-
taraldehyde at 4°C overnight, and washed 2~3 times with
distilled water. The sample was post fixed with 1% osmic
acid for 120 min. at 4°C and washed 2~3 times with dis-
tilled water. Staining was conducted with 1% uranyl ace-
tate at 4°C ovemnight. Asci were dehydrated with increasing
ethanol series. Embedding was sequentially conducted in
the mixture of propylene oxide and Epon mixture (1: 1
mixture for 2 hours and 2 : 1 mixture for 2 hours), Eppon
overnight, the mixture of Eppon and 1.5% DMP-30 at
40°C for 24 hours, and then followed by heat treatment at
60°C for 48 hours. Thin sections of the sample was made
with ultramicrotome (Sorvall M6000). The thin sectioned
sample was stained with 5% uranyl acetate for 20 min.
and lead citrate for 10 min before examination under
transmission electron microscope (Hitachi H-800).

Determination of trehalose and trehalose related en-
Zymes

Cells were harvested, washed once distilled water and
suspended in 70% ethanol. This suspension was heated at
100°C for 5 min, cooled in a water bath, centrifuged at
10,000x g for 5 min. Trehalose, glucose and glucosamine
in the resultant supernatant was measured by high per-
formance liquid chromatography (HPLC) under the fol-
lowing conditions: column, high performance carbohydrate
column (4.6 X 250 mm, Waters); mobile phase, 75% aceto-
nitrile; flow rate, 1.4 mi//min.; detector, refractive index de-
tector (Waters 410).

Trehalose phosphate synthase was assayed as described
by Vandercammen et al. (1989).

Trehalase was assayed by incubating enzyme aliquots in
MES(K") buffer (pH 6.3, 50 mM) containing 10 mM
trehalose at 37°C for 30 min. The assay was stopped by
boiling and the glucose generated was determined with the
glucose oxidase -peroxidase method using a test kit (Boeh-
ringer Mannheim, Germany).

Protein extracts for determination of enzyme activities
were prepared by extraction of yeast cells with glass beads
in a buffer containing 50 mM tricine pH 7.0. Protein con-
tent was measured by BCA method (Sigma).

RFLP of rDNA

Total DNA of yeast was extracted using glass beads by
the method of Ausubel (1995) seperated on the 1.0%
agarose gel, and followed by deproteination and dena-
turation (ECL protocol, Amersham). DNA was transferred

onto nylon memebrane and probe DNA was prepared by
the ECL method with tDNA of Schizophllum commune to
compare tDNA pattern of yeast. Hybridization and de-
tection were ‘conducted by the method of ECL protocol.

Results and Discussion

Isolation of osmotolerant yeast

The microorganisms isolated from soy paste showed ex-
clusively yeast colonies on YPD plate, which appeared to
be one species.

The morphology of colonies showed white mat type and
morphology of vegetative cells was ovoid to ellipsoid
shape. It was reproduced by multilateral budding. It was
difficult to distinguish the Z. rouxii from S. cerevisiae
under 400x magnification. Physiological characteristics of
the strain showed that diazonium blue B reaction, nitrate
reduction and urea hydrolysis were all negative.

In chemical taxonomic characteristics, main component
of quinone was Q-6 and cellular fatty acid composition
was 18:2CIS 9, 12/18 : 0a, 18 : 1 CIS 9 (w9) and 16 : 1
CIS 9 (w7).

The strain assimilated maltose and glucose as a carbon
source but not sucrose and lactose by Biolog metabolic
fingerprint (Table 1). The results were similar to Z. rouxii,
which ferments glucose and maltose but not galactose, sac-
charose and lactose (Onishi 1963).

Salt tolerance was tested with a plate growth assay. The
strain YDJ grew well on MY plate containing 2.0 M NaCl,
whereas S. cerevisiae KACC 201270 grew slowly on plate
with 0.5 M NaCl and retarded its growth by increasing
salt concentration in media and hardly grew on the plate
with over 1.5 M NaCl (Fig. 1). Z. rouxii accumulates the

Table 1. Physiological characteristics of the microorganism

Item Characteristics
DBB test Negative
Urea hydrohysis Negative
Nitrate reduction Negative
Quinone system Q-6
Cellular fatty acids 18:2 Cis 9
12/18 : Oa,

18:1 Cis 9 (W9)
16 : 1 Cis (W7)

Growth
D-trehalose
D-galactose
Maltose
D-glucose
Sucrose -
Lactose -

V, Variable; +, Assimiation; -, No.

+ + £ <
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Zygosaccharomyces
rouxii

Saccharomyces
cereisiae

05
Fig. 1. Effect of Salt concentration on the yeast growth.

polyhydric alcohols (polyols) like glycerol and arabitol in-
tracellularly when the water activity (av) is reduced. These
solutes enable the organism to survive and grow under
water stress. Z. rouxii isolated from soy paste is a typical
yeast that plays an important role in the ripening of soy
mashes and has tolerance to high concentrations of NaCl
in growth medium (Brown 1976).

Ascopore formation

Both of S. cerevisiae and Z. rouxii collected in nature
were wild types. We tried to form ascospores to dis-
tinguish the cultures by reproductive organs. S. cerevisiae
could form ascus with four ascospores, while Z. rouxii
could not form ascus on sporulation medium (Fig. 2). As
Z. rouxii is haploid genetically, it could form asci con-
taining ascospores after mating with compatible haploid

Saccharomyces cerevisiae

1.0 1.5 2.0M Na(l

strain, Z. rouxii YDJ was mated with Z. rouxii ATCC
14679 and Z. rouxii ATCC 14680 which are different mat-
ing type (Wickerham et al., 1960). The mating of Z. rouxii
YDJ with Z. rouxii ATCC 14680 produced asci with as-
cospore after 5 days same as the cross between ATCC
14680 and ATCC 14679 which produced conjugated asci
with ascospores on yeast maintenance agar with 2% NaCl
(Fig. 3). YDJ was suggested a same mating type as ATCC
14679. S. cerevisiae formed lots of ascospores from two to
five days after inoculation on sporulation media. However Z.
rouxii produced a few conjugated ascospores on yeast main-
tence agar with 2% NaCl after one week.

RFLP
Yeast total DNAs isolated by glass bead method were
digested with restriction enzymes of EcoR 1 or Pst 1. The

Zygosaccharomyces rouxi

Fig. 2. Observation of yeasts incubated on sporulation media under transmission electron microscope.
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Zygosaccharomyces rouxii Zygosaccharomyces rouxtt
14679 X 14680 14680 X YDI

Fig. 3. Ascospore formation of Zygosaccharomyces rouxii YD] after mating with compatible haploid strain. Arrow indicates conjugated
asci with ascospores (X 400).

Table 2. Effects of salt on fhe amount of carbohydrates in digested DNA with restriction eénzyme was seperated on
yeast cells agarose gel and blotted onto nylon membrane and hy-
Carbohydrates (mg/ml) bridized with the probe derived from 5S and 18S 1DNA
Yeast strain ~ NaCl (M) fr zophvil Two band hy-
Trehalose Glycerol Glucosamine agment of Schizophyllum commune. Two bands were hy
0 1.22 0.00 0.00 bridized in DNA digested with EcoR 1 but one band was
Saccharomyces ’ ’ ) . . . . ..

. 0.5 9.51 0.20 0.00 obtained in DNA digested with Pst 1. Z. rouxii ATCC
cerevisiae 1.0 133 0.00 0.00 14679, ATCC14680, and YDJ showed polymorphism
0 0.87 0.06 0.26 with 3 Kb and 500 bp fragments in EcoR 1 digested DNA,

Zygosaccharomyces . . . .
rouxii 0.5 031 019 1.58 while S. cerevisiae showed polymorphism at 2 kb and 700

1.0 1.13 0.07 0.35

123 4567889 123 4567839
Fig. 4. Southern hybridization of yeast total DNA with 5S and 18S of Schizophyllum commune TDNA. Lane 1-4: EcoR1 digested DNA.
Lane 5-8: Pstl digested DNA. Lane 1, 5: Zygosaccharomyces rouxii 14679. Lane 2, 6: Zygosaccharomyces rouxii 14680. Lane 3,
7. Zygosaccharomyces rouxii YDJ. Lane 4, 8: Saccharomyces cerevisiae. Lane 9: 1 Kb Ladder.
A: Agarose gel, B. Hybridized membrane by ECL method.
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bp fragment (Fig. 4).
The results of RFLP with rfDNA probe suggest the new
strain is Z. rouxii.

Trehalose accumulation

To investigate the trehalose change in cells depending
on the culture age of Z. rouxii YDJ, ATCC 14680 strain,
and S. cerevisiae, trehalose was assayed from cells grown
from 8 hours to 93 hours in the medium of MY at 28°C.
Trehalose content reached a maximum point at 31 hours
in Z. rouxii YDJ and ATCC 14680, and then decreased,
whereas §. cerevisiae increased rapidly at 23 hours and re-
mained at high level from 31 hours to 93 hours (Fig. 5).
Accumulation of trehalose was found to coincide generally
with periods of stationary phase, starvation, or heat shock.

Trehalose change in Z. rouxii by salt concentration was
compared with those in S. cerevisiae. Osmophillic yeast
Z. rouxii could grow on media with 2 M NaCl but S.
cerevisige could only endure on medium with 1 M NaCl.
Trehalose content in cells cultured in medium without salt
was much higher in S. cerevisiae than Z. rouxii. Trehalose
contents were increased in cells grown on media with 0.5
M NaCl but declined in 1 M NaCl in S. cerevisiae which
is salt sensitive species, whereas Z. rouxii, osmophillic
yeast, accumulated highly trehalose at 1 M NaCl than 0.5
M NaCl. The carbohydrates were estimated in cells grown
in media with different salt concentration. S. cerevisiae in-
creased the accumulation of trehalose and glycerol by the
addition of 0.5 M NaCl. Z. rouxii increased the trehalose,
glycerol and glucosamine in cells in case of salt sup-
plementation. Of those, glycerol and glucosamine were ac-
cumulated at 0.5 M NaCl but trehalose was increased at
1 M NaCl (Table 2). Onishi (1963) reported that osmo-
phillic yeast formed a large amounts of polyols like gly-
cerol and arabitol in saline environment. Carbohydrate

3000

2500 &

2000

S. cerevisiae

Trehalose(ug/mg)

incubation periods(hrs)

Fig. 5. The time course of trehalose contents in the cells of dif-
ferent yeast strain during cell culture.

Table 3. Enzyme activity related to trehalose metabolism in
Saccharomyces cerevisiae and Zygosaccharomyces rouxii

YDIJ
Trehalose phosphate Trehalase
Organism synthase 5 .
(10° Ulmg protein) (10° U/mg protein)
Saccha@{nyces 41 6.2
cerevisiae
Z ygosaccfzaromyces 1.0 21
rouxii YDJ

data of Z. rouxii in saline environment exhibited that
trehalose might play a role for osmosis in addition to po-
lyols. Enzyme activity for trehalose metabolism was es-
timated in cells. Trehalose phosphate synthase and tre-
halase activity in Z. rouxii was lower than those of S.
cerevisiae (Table 3). Trehalose content in Z. rouxii was
lower than those of S. cerevisiae but trehalose was one of
the osmoprotectants in Z. rouxii.

A
a5

FO

Arrl =& AEAEQ 2
2]5}gith. 2M NaClej| 4] & Bwr%} - ‘}l‘” o] @<
gosaccharomyces rouxii® FAElow Agld 5A,
DNAE probe & ©]-&3} RFLP & 33t o8l 5% &%
-7{'—7,‘—3} ) Ao) 9)s)ed o} FoiF ). Z. rouxii YDI

/‘“XP-’*‘—_.J} S. cerevisiae R} =8 47 E dRS=
tﬂ 39] 495 u). S, cerevisiaedl| A= wR] o] FEE
7} g;—o}?gjé glycerol 2.t} trehalose §afo] =LA Z7}3}
Aot Z rouxiiz= ANE el glucosamine, glycerol,
trehalose &FeFo] Zr)algdct. wheks Z. rouxiie] 3 FAIL
glycerol® 7+& polyolo] 9]l trehaloses} glucosamine
o] &3y} =A vepgrth Trehalose A 8424l
trehalose phosphate synthasei= S. cerevisiae 2t} Z. roux-
iiol| A FgF o trehalose E-3) 841 trehalase™ S. cerev-
isiae B¢+ Z. rouxiiol 4] Fokrt. et Z. rouxii= NaCl
x12] A trehalose’} Z7}3lRE Y PA-L glycerol o]9]e]|
trehaloseol] @] #)A] 5 ¢8-S Wk 7o 8 Azt

S e

Acknowledgements

We thank to Dr. Yonghwa Park for help with biological
finger printing and Junsung Lee for photograpy by elec-
tron microscope.

References

Ausubel, F., Brent, R., Kingston, R. E., Moore, D. D., Seid-
man, J. G., Smith, J. A. and L Strubl K. 1995. In Short
Protocols in Molecular Biclogy, 3rd ed., John Wiley.

Barnett, J. A., Payna, R. W. and Yarrow, D. 1983. Yeast-



186 THE KOREAN JOURNAL OF MYCOLOGY, 27(3), 1999

characteristics and identification. Cambridge University Press,
Cambridge.

Brown, A. D. 1976. Microbial water stress. Bacteriol. Rev.
40(4): 803-846.

Giaever, H. M. Styrvold, O. B. Kaasen, 1. and Strom, A. R.
1988. Biochemical and genetic characterization of osmore-
gulatory trehalose synbthesis in Escherichia coli. J. Bact.
170(6): 2841-2849.

Hottiger, T., Schmutz, P. and Wiemken, A. 1987. Heat-in-
duced accumulation and futile cycling of trehalose in Sac-
charomyces cerevisiae. J. Bact. 169(12): 5518-5522.

Jermini, M. F. G., Geiges, O. and Schmidt-lorenz, W. 1987.
Detection, isolation and identification of osmotolerant yeasts
from high-sugar products, J. Food Protection 50(6): 468-472.

Mori, H. and Windisch, S. 1982. Homothallism in sugar to-
lerant Saccharomyces rouxii. J. Ferment. Technol. 60(2):
157-161.

Nakata, K. Hasegawa, J. and Okamura, K. 1995. Accumulat-
ion and role of trehalose in Torulaspora delbrekii No.
3110. Biosci. Biotech. Biochem. 59(6): 986-989.

Onishi, H. 1963. Osmophilic yeasts. Adv. Food Res. 12: 53-
94,

Reed, R. H., Borowitzka, J., Mackay, M. A., Chudek, J. A.,
Foster, R., War'r S. R. C.,, Moore, D. J. and Stewar't W. D.
P. 1986. Organic solute accumulation in osmotically stress-
ed cyanobacteria. FEMS Micro. Rev. 39: 51-56.

Styrvold, O. B. and Strom, A. R. J. 1991. Synthesis, ac-
cumulation, and excretion of trehalose in osmotically stress-
ed Escherichia coli K-12 strains: influence of amber sup-
pressors and function of the periplasmic trehalase. J. Bact.
173(3): 1187-1192.

Vandercammen, A., Francois, J. and Hers, H. G. 1989.
Characterization of trehalose-6-phosphate synthase and
trehalose-6-phosphate phosphatase Saccharomyces cerevisiae.
Eur. J. Biochem. 182: 613-620.

Wickerham, L. J. and Burton, K. A. 1960. Heterothallism in
Saccharomyces rouxii. J. Bact. 80: 492-495,

Zyl, J. P. van and Prior B. A. 1990. Water relations of polyol
accumulation by Zygosaccharomyces rouxii in continuous
culture. Appl. Microbiol. Biotechnol. 33: 12-17.



