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The 

 

Saccharomyces

 

 sensu stricto complex, which, it
was recently proposed, should be restricted to the genus

 

Saccharomyces

 

 [1], contains at least six biological sib-
ling species: 

 

Saccharomyces cerevisiae

 

 Meyen ex
Hansen, 

 

S. paradoxus

 

 Bachinskaya, 

 

S. bayanus 

 

Sac-
cardo, 

 

S. cariocanus

 

 Naumov 

 

et al.

 

,

 

 S. kudriavzevii

 

Naumov 

 

et al.

 

, and 

 

S. mikatae

 

 Naumov 

 

et al.

 

 Isolation
of the strains of this complex is almost completely lim-
ited to industrial fermentation processes. Not much is
known about their distribution in nature. Representa-
tives of 

 

Saccharomyces paradoxus

 

 have been most fre-
quently found in natural habitats. This species has a
vast natural habitat and is represented by a number of
divergent populations: European [2–4], Far Eastern [5],
Hawaiian [6], and North American [7]. However, the

 

Saccharomyces cerevisiae

 

 habitat is thought of as inter-
rupted, since representatives of this species have never
been isolated in Siberia, where only representatives of
the close species 

 

Saccharomyces cerevisiae

 

 have been
found.

During our investigations of yeast communities on
plant substrates in Novosibirsk oblast [8], we isolated,
from oak exudates, two strains that were identified as

 

S. paradoxus

 

 according to the results of biochemical
tests. Molecular biological investigations confirmed the
affiliation of these isolates with the species 

 

S. para-
doxus.

 

 Both strains demonstrated intense sporulation.
The isolation of these yeast strains in western Siberia is
of considerable interest. Earlier, only representatives of

 

S. cerevisiae

 

 [9] had been isolated in this region. The
joint occurrence of different 

 

Saccharomyces

 

 species
was previously noted in Far East [5].

The strains were deposited with the Collection of
the Soil Biology Department, Faculty of Soil Science,
Moscow State University, and given the strain designa-
tions KBP-3828 and KBP-3829.

MATERIALS AND METHODS

Samples of pedunculate oak (

 

Quercus robur

 

) exu-
date were obtained in August 2003 from the oak plant-
ing territory of the Central Siberian Botanical Garden,
Siberian Division, Russian Academy of Sciences
(Novosibirsk). In total, we analyzed 12 oak exudates
from 8 trees. The samples of oak exudates were taken
together with bark pieces. Two strains were isolated
from two exudate flows in different parts of one tree
trunk. The isolation of yeasts was carried out in accor-
dance with the enrichment culture method. The bark
pieces were incubated in a liquid malt extract medium
at room temperature for 2–4 days until the appearance
of signs of intensive fermentation. Then, the culture
was plated onto malt extract agar that had been acidi-
fied to pH 4–4.5 with 40% lactic acid so as to inhibit
bacterial growth. The plates were incubated at room
temperature for a week. The grown yeast colonies were
isolated in pure cultures.

Identification of the isolates was performed, based
on morphological and physiological properties, accord-
ing to determination manuals [10, 11].

Isolation and amplification of DNA was performed
using a standard method. The amplification of 5.8S rDNA
and the internal transcriptional spacers ITS1 and ITS2
(5.8S-ITS fragment) was accomplished with the use of the
primers pITS1 (5'-TCCGTAGGTGAACCTGCGG-3')
and pITS4 (5'-CCTCCGCTTATTGATATGC-3'). A PCR
reaction was run in 30 

 

µ

 

l of a reaction mixture that con-
tained a PCR buffer, 20 mM (NH

 

4

 

)

 

2

 

SO

 

4

 

, 3 mM MgCl

 

2

 

,
0.25 mM dNTP, 0.30 

 

µ

 

mol of each primer, 1.25 units of

 

Tag

 

 polymerase (Sintol, Russia), and 20 ng of the ana-
lyzed genomic DNA. A Tertsik thermal cycler (DNK-
tekhnologiya, Russia) was operated on the following
regime: initial heat denaturation of native DNA at 94

 

°

 

C
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for 3 min; then, 30 repetited cycles (DNA denaturation
at 94

 

°

 

C for 2 min, primer annealing at 60

 

°

 

C for 1 min,
and DNA synthesis at 72

 

°

 

C for 2.5 min); and final syn-
thesis of the DNA at 72

 

°

 

C for 10 min. The amplified
DNA was analyzed by electrophoresis at 60–65 V for
2 h in 1% agarose gel using 0.5

 

×

 

 TBE buffer (45 mM
Tris, 10 mM EDTA, and 45 mM Boric acid). The gel
was stained with ethidium bromide.

Restriction fragment length polymorphism was ana-
lyzed using 

 

Hpa

 

II and 

 

Hae

 

III endonucleases (Fermen-
tas, Lithuania). Separation of the restriction fragments
was performed in 1.6% agarose gel in 0.5

 

×

 

 TBE buffer
at 60–65 V for 3 h. The gel was stained with ethidium
bromide and photographed in ultraviolet light using a
Vilber Lourmat transilluminator (France).

In preparation for electrophoretic karyotyping, the
cultures were grown and chromosomal DNA was iso-
lated according to the method described in [13]. Elec-
trophoretic separation of chromosomal DNA was per-
formed using a CHEF-DR

 

TM

 

III apparatus for CHEF
electrophoresis (Bio Rad, Richmond, CA, United States).

The electrophoresis was run in 0.5

 

×

 

 TBE buffer at
200 V for 15 h with the electric field being switched
every 60 s and then for 8 h with the electric field being
switched every 90 s. Strain YNN-295(Bio Rad) was
used as the standard.

RESULTS AND DISCUSSION

 

Phenotypic identification.

 

 Both isolates fermented
glucose, galactose, and maltose and assimilated glu-
cose, galactose, maltose, trehalose, raffinose, melezi-
tose, ethanol, mannitol, and 

 

α

 

-Me-D-glucoside as sin-
gle carbon sources. The following compounds were not
assimilated: sorbose, cellobiose, lactose, melibiose,
inulin, starch, D-xylose, L-arabinose, D-arabinose,
D-ribose, L-rhamnose, D-glucosamine, glycerol, eryth-
ritol, ribitol, dulcitol, D-sorbitol, salicin, succinate, cit-
rate, inositol, 2-ketogluconate, and 5-ketogluconate.
Nitrate was not used as the only source of nitrogen.
Growth was possible up to 37

 

°

 

C. Intense sporulation
was observed. The asci had a spherical shape and con-
tained four oval spores. The combination of the above
characteristics allowed the strains to be identified as
representatives of the genus 

 

Saccharomyces

 

.

 

Electrophoretic karyotyping.

 

 Yeasts of the genus

 

Saccharomyces

 

 have a specific chromosome set, which
can be visualized by pulsed-field electrophoresis (chro-
mosomes are separated in an alternating electric field
and then stained) [13, 14]. CHEF electrophoresis was
used to compare the karyotypes of the new isolates with
the 

 

S. cerevisiae

 

 karyotype. Both the new strains dem-
onstrated a chromosomal set identical to the reference
culture, 

 

S. cerevisiae

 

 YNN-295 (Bio Rad), for which
the size of the chromosomes and their position after
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Fig. 1.

 

 Analysis of the chromosomal DNA of 

 

Saccharomy-
ces

 

 strains by CHEF electrophoresis: (

 

1

 

) YNN-295 BioRad
standard (BioRad, United States); (

 

2

 

) strain KBP-3828;
(

 

3

 

) strain KBP-3829 .
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Fig. 2.

 

 Size of the 5.8S-ITS fragment in 

 

Saccharomyces

 

strains (

 

1

 

) KBP-3828 and (

 

2

 

) KBP-3829. M indicates a
100-bp DNA Ladder (Fermentas, Lithuania) molecular
weight marker (bp).
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electrophoresis are known (Fig. 1). This analysis
allowed us to strictly determine the affiliation of the
isolates with the genus 

 

Saccharomyces

 

 [1]. In addition,
among 

 

Saccharomyces

 

 species, only 

 

S. cerevisiae

 

 and

 

S. paradoxus

 

 have an identical chromosome set, which
allowed the taxonomic position of the analyzed strains
to be determined more exactly.

 

Molecular differentiation.

 

 Earlier studies revealed
that the six sibling species of the genus 

 

Saccharomyces

 

differ in relation to their nucleotide sequences of rDNA
ITS1 and ITS2 internal transcribed spacers [15] and can
be differentiated by restriction analysis of these DNA
fragments [12]. 

 

S. cerevisiae, S. bayanus

 

, and

 

S. paradoxus

 

 can be distinguished by using 

 

Hae

 

III and

 

Hpa

 

II endonucleases [15, 16].
Precise identification of the new strains was per-

formed by amplification of the 5.8S-ITS fragment in
the two isolates and in three reference strains, which
served as species standards. The size of the PCR prod-
uct was the same for both of the new isolates and was
850 bp (Fig. 2), which is typical for the genus 

 

Saccha-
romyces

 

.
The PCR products were analyzed by restriction with

 

Hae

 

III and 

 

Hpa

 

II endonucleases (Fig. 3) using refer-
ence strains 

 

S. cerevisiae

 

 CBS 1171, 

 

S. paradoxus

 

 CBS
432, and 

 

S. bayanus

 

 CBS 380.
Restriction endonuclease analysis of the 

 

S. cerevi-
siae

 

 strains revealed four 

 

Hae

 

III-generated fragments
with sizes of 320, 230, 170, and 130 bp and two 

 

Hpa

 

II-
generated fragments with sizes of approximately 730
and 120 bp. 

 

S. paradoxus

 

 strains were earlier shown to
lack 

 

Hpa

 

II-restriction sites and to have 

 

Hae

 

II-restric-
tion profiles identical to those of 

 

S. cerevisiae

 

 strains
[15, 16].

Thus, based on their restriction profiles, both of our
isolates from western Siberia should be assigned to

 

S. paradoxus.

 

It should be noted that this paper is the first to be
presented on the isolation of 

 

S. paradoxus

 

 in western
Siberia. Probably, the isolation of a strain belonging to
this species was successful due to the fact that the oak
exudate was sampled at the end of the summer and not
in spring, the period of most intense of exudation, when
isolation of saccharomycetes is usually conducted. The
isolation 

 

S. paradoxus

 

 can testify to the continuity of
the natural habitat of this species. Repeated discovery
of new strains of 

 

S. paradoxus

 

 in this region should
allow the characterization of this as yet unstudied pop-
ulation and expand our knowledge on the geographical
distribution of yeasts of the genus 

 

Saccharomyces

 

 in
nature.
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