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Abstract—Molecular genetic identification of 52 Kluyveromyces strains from VKM, mainly of dairy origin,
was carried out. Restriction analysis of 5.8S-1TS rDNA fragments was used to differentiate between KI. lactis
var. lactis, KI. lactis var. drosophilarum (European population of “krassilnikovii”), and KI. marxianus. KI. lactis
was shown to differ from KI. marxianus in its ability to assimilate o-glucosides: maltose, melezitose, and
a-methyl-glucoside.
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Dairy strains of Kluyveromyces marxianus and
Kl. lactis are among the few microorganisms able to
ferment lactose (Lac™). This feature is rare in yeasts:
only 1% of over 700 known yeast species possess it [1].
These yeasts are important in fundamental and
applied research.

Mammals are the main sources of lactose. The ori-
gin of the dairy yeasts is obviously evolutionary linked
with the origin of mammals. Comparative molecular
genetics of lactose fermentation in KI. marxianus and
Kl. lactis may reveal the intra- and interspecies evolu-
tion of these yeasts [2—10].

Kluyveromyces (syn. Zygofabospora, Fabospora)
utilize milk whey lactose and are used for forage,
enzyme production, ethanol and low-alcohol drinks
production [11—14]. Their role as probiotics able to
form antibacterial [15, 16] and antiyeast [17—19] tox-
ins can not be excluded. In addition to their food
importance, these yeasts have sanitary significance for
humans and animals being, the component of dairy
products and their waste, milk whey.

Morphological and physiological tests for yeast
taxonomy have been recently supplemented by various
molecular methods including sequencing and restric-
tion analysis of ribosomal DNA fragments. Analysis of
the D1/D2 26S rDNA domain is most frequently
applied in molecular taxonomy of yeasts [20, 21]. The
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scale is accepted, according to which the differences in
6 and more nucleotides (>1%) in D1/D2 region indi-
cate that the strains belong to different species, while
identical sequences in this region or differences in 1 to
3 nucleotides usually indicate conspecificity of the
analyzed strains. In closely related species KI. lactis
and Kl. marxianus, the D1/D2 regions differ only in
one nucleotide, while other four species of the genus
Kluyveromyces (Kl. dobzhanskii, Kl. wickerhamii,
Kl. aestuarii, and Kl. nonfermentas) exhibit up to 7—19
nucleotide substitutions. To analyze the closely related
yeast taxa, restriction analysis of non-coding rDNA
regions is used more frequently: the 5.8S-ITS frag-
ment including the 5.8S rRNA gene and internal tran-
scribed spacers ITS1/ITS2, as well as the intergenic
spacer 2 (1GS2) [21, 22].

To widen the scientific and practical application of
the natural gene pool of K. marxianus and Kl. lactis,
we reidentified the original strains from the All-Rus-
sian Collection of Microorganisms (VKM) using
modern molecular techniques. Most of these strains
are presented in the catalogue [23], and their initial
description is given in the Yeast manual [24]. Previ-
ously the yeasts which efficiently fermented lactose
were selected from these strains [11].
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MATERIALS AND METHODS

Strains and culture media. The strains of the genus
Kluyveromyces used in this study and their origin are
shown in the table. The type cultures of K. lactis VKM
Y-868 and KI. marxianus CBS 712 (=VKM Y-876)
were used as the controls. Yeasts were cultivated at
28°C on a complete YPD culture medium containing
the following (g/L): glucose, 20; yeast extract, 10;
agar, 20. Physiological and biochemical characteriza-
tion of the yeasts was carried out under the standard
conditions [25]. For identification of yeasts, maltose
(Sigma, United States), lactose (Merk, Germany),
a-methyl-glucoside (Calbiochem, United States),
and melezitose (Serva, The Netherlands) were used.

Molecular methods. PCR was carried out directly
on yeast cells using a Bio-Rad DNA cycler (United
States). A small amount of yeast biomass (on the tip of
a microbiological loop) was resuspended in 30 pL of
the PCR buffer containing 3 mM of MgCl,, 0.3 mM of
dNTP, and 50 pmol of each primer. The mixture was
incubated at 95°C for 15 min for the cell lysis and then
supplemented with 2.5 U of 7ag DNA polymerase
(Syntol, Russia). For amplification of the 5.8S-ITS-
fragment, primers ITS1 (5'-TCCGTAGGTGAAC-
CTGCGG-3") and ITS4 (5'-TCCTCCGCTTAT-
TGATATGC-3") were used. For amplification of the
intergenic spacer 2 (1GS2), primers NTS2 (5'-AACG-
GTGCTTTCTGGTAG-3") and ETS1 (5'-TGTCT-
TCAACTGCTTT-3") were used. Amplification con-
ditions (30 cycles) were as follows: initial denaturing at
95°C for 30 s, annealing at 56°C for 30 s, and the DNA
elongation at 72°C for 60 s. The PCR products were
separated in a 1% agarose gel at 60—65 V in 0.5x TBE
buffer (45 mM of Tris, 10 mM of EDTA, 45 mM of
boric acid) for 1.5 h and stained with ethidium bro-
mide.

The analysis of polymorphism of restriction frag-
ments (RFLP analysis) of 5.8S-1TS and IGS2 rDNA
regions was carried out using HindIIl and Alul (Fer-
mentas, Lithuania) endonucleases, respectively.
Restriction fragments were separated in a 2.5% agar-
ose gel at 50—55 Vin 0.5x TBE buffer for 4 h. The gel
was stained with ethidium bromide for 2—3 h, washed
with distilled water, and photographed using a Vilber
Lourmat UV transilluminator (France).

RESULTS

Molecular identification of the strains. K/. /actis and
Kl. marxianus species with almost identical sequences
of the 26S rDNA D1/D2 domains showed significant
differences in the sequences of the ITS1/ITS2 region:
23 nucleotide substitutions were identified (Fig. 1).
These strains may be differentiated by RFLP analysis
using HindIll endonuclease. KI. marxianus have a
HindlIII restriction site (a/agctt) in the ITS fragment,
while in K. lactis this site is absent due to the T—G
transversion in position 548 (the numeration is given
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according to the ITS sequence of KI. marxianus CBS
712 type culture) (Fig. 1).

Amplification of the 5.8S-ITS rDNA region in
52 yeast strains obtained from the All-Russian Collec-
tion of Microorganisms was carried out (table). The
size of the resulting PCR products (~720 bp) was equal
for the studied and control strains. This suggests the
assignment of the yeasts under study to the genus
Kluyveromyces [26]. The subsequent restriction analy-
sis was carried out using the HindIIl endonuclease.
According to the similarity of restriction profiles, the
yeasts under study formed two groups. The RFLP pro-
files of some strains are shown in Figure 2. According
to their restriction profiles, most of the strains did not
differ from the type culture of KI. marxianus CBS 712:
two HindIIl fragments of approximately 570 and
150 bp (Fig. 2, lanes /—6). The type culture KI. lactis
VKM Y-868 and 12 investigated strains lacking the
HindlIIl restriction sites (VKM Y-869, VKM Y-870,
VKM Y-1186, VKM Y-1333, VKM Y-1334, VKM
Y-1339, VKM Y-1343, VKM Y-1868, VKM Y-830,
VKM Y-831, VKM Y-834, and VKM Y-1890)
belonged to the second group (Fig. 2, lanes 7—9).
According to the RFLP analysis, eight strains which
have been deposited in the VKM as Zygofabospora
marxiana and Fabospora fragilis were identified as
Kl. marxianus (table). Among 37 of the investigated
Kl. lactis strains, 29 were reidentified by molecular
analysis as KI. marxianus. Among seven Zygofabospora
krassilnikovii strains, three were identified as KI. marx-
ianus (VKM Y-835, VKM Y-836, VKM Y-837), and
others (VKM Y-830, VKM Y-831, VKM Y-834, and
VKM Y-1890) were identified as K. /actis. Notably,
the latter four strains were isolated from natural
sources and lack the ability to ferment lactose (table).

The species Kl. lactis has a complex composition
and includes two varieties: KI. lactis var. lactis and
Kl. lactis var. drosophilarum [26—28]. The latter taxon
consists of eight genetic populations: European
“krassilnikovii”, African “vanudenii”, Asian “orien-
tal”, and of five North American populations—
“drosophilarum”, “phaseolosporus”, “pseudova-
nudenii”, “aquatic”, and “new” [4]. At least some of
the populations show partial genetic isolation. Using
restriction analysis of the intergenic 1GS2 spacer, it is
possible to differentiate between the dairy yeast
Kl. lactis var. lactis and the wild yeast Kl. lactis var.
drosophilarum which are not able to ferment lactose
[4, 7]. Amplification of the IGS2 rDNA fragment in
12 strains identified previously as KI. lactis was carried
out with the NTS2 and ETS1 primers. The size of
amplified 1GS2 fragments was equal for the strains
under study and K/ lactis VKM Y-868 type culture:
~1200 bp. The PCR products were analyzed by enzy-
matic cleavage with the A/ul endonuclease (Fig. 3).
According to the Alul profiles, the strains VKM Y-
869, VKM Y-870, VKM Y-1186, VKM Y-1333, VKM
Y-1334, VKM Y-1339, VKM Y-1343, VKM Y-1868
belonged to KI. lactis var. lactis. They had the same
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BKM Y-868  «vvnene. GA...... - L
CBS 712 GAGGCATACGGCTTTAACCAAAACTCTCAAAGT 633
BKM Y-868 R T

Fig. 1. Nucleotide sequences of the 5.8S-1TS rDNA region of Kluyveromyces marxianus CBS 712 and KI. lactis VKM Y-868 type
cultures. Identical nucleotide sequences are indicated with points. Numbering of the sequences is given according to the strain

CBS 712. The Hindlll restriction site is shown in grey.
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Fig. 2. RFLP analysis of the amplified 5.8S-ITS rDNA
fragments of KI. marxianus and Ki. lactis using HindIIl
restriction endonuclease: CBS 712 (/); VKM Y-453 (2);
VKM Y-470 (3); VKM Y-883 (4); VKM Y-1332 (5); VKM
Y-2013 KI. lactis (6); VKM Y-868 (7); VKM Y-1333 (8);
VKM Y-1890 (9). M is the molecular weight marker (bp)
100 bp DNA Ladder (Fermentas, Lithuania).

restriction profiles as the VKM Y-868 type culture:
four restriction fragments of ca. 650, 250, 200, and
100 bp (Fig. 3, lanes /—4). The strains VKM Y-830,
VKM Y-831, VKM Y-834, and VKM Y-1890, which
are unable to utilize lactose, formed the second group,
characterized by three fragments of ~650, 450, and
100 bp (Fig. 3, lanes 5—&). These strains belonged
to the European “krassilnikovii” population of the
Kl. lactis var. drosophilarum.

Physiological features of the investigated strains.
The possibility of using physiological characteristics
for identification of the dairy yeasts species was rein-
vestigated [29]. Earlier, the ability of the strains
to assimilate some a-glucosides (maltose, melezitose,
a-methyl-glucoside) and the absence of growth at ele-
vated temperatures (37—42°C) have been suggested
for the differentiation of K. lactis and KI. marxianus
[30—32]. According to the assimilation of oa-gluco-
sides, the strains were precisely divided into two
groups (table). All the strains identified by molecular
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analysis as Kl. marxianus were unable to assimilate
maltose, melezitose and o-methyl-glucoside. The
strains of Kl. lactis var. lactis and KI. lactis var. droso-
philarum (European population “krassilnikovii”),
which were able to assimilate these a-glucosides,
formed the second group.

It is important to note that phenotypic determina-
tion of Kluyveromyces species deposited in the VKM
by assimilation of a.-glucosides which has been carried
out previously [29] mainly gives identical results with
their molecular identification (except the strains
whose ability to assimilate some o-glucosides was
probably incorrectly determined). It is well known that
determination of yeast growth on the minimal agar
media frequently gives uncertain results.

DISCUSSION

The molecular markers have been presently found
that make it possible to differentiate the dairy yeast KI.
marxianus and Kl. lactis var. lactis [22], as well as the
latter and K. lactis var. drosophilarum (European pop-
ulation “krassilnikovii”) [4, 7]. This allows us to carry
out reliable molecular identification of K. /actis and
Kl. marxianus, especially in the case of strains of dairy
origin.

Using RFLP analysis of the non-coding rDNA
regions and some physiological features, 52 yeast
strains of Kluyveromyces were studied (table). The
molecular approach made it possible to conduct total
reidentification of the Russian dairy yeast strains of the
genus Kluyveromyces deposited in the All-Russian
Collection of Microorganisms. Molecular analyses
demonstrated that most dairy strains previously
assigned to the species KI. lactis belonged to the spe-
cies Kl. marxianus (table). In addition, the yeasts
Zygofabospora krassilnikovii were shown to be hetero-
geneous. Of seven strains, only four were assigned to
Kl. lactis var. drosophilarum (population “krassilnik-
ovii”’), and three strains, to KI. marxianus. Notably,
similar mistakes in identification of KI. marxianus and
Kl. lactis have been made in other collections, such as
Centraalbureau voor Schimmelcultures (CBS). Van
der Walt [29] previously has identified a set of strains as
Kl. vanudenii (syn. Kl. lactis var. drosophilarum—an
African population of “vanudenii” [4]). Only the type
culture CBS 4372 was identified correctly. Molecular
identification demonstrated [3, 33] the strains CBS
5669 and CBS 5670 to belong to KI. marxianus |34, 35]
but not to KI. lactis, as has been suggested earlier [36].

A correlation between the results of molecular
analyses and physiological tests for a-glucoside assim-
ilation was revealed. According to RFLP analysis, all
the strains able to assimilate o.-glucosides were related
to the varieties of K. lactis var. lactis and K. lactis var.
drosophilarum (European population “krassilnik-
ovii”). Taking into account the availability and low
price of maltose, we suggest using the test for maltose

MICROBIOLOGY Vol. 81 No.2 2012
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Fig. 3. RFLP analysis of the amplified fragments of the
rDNA intergenic spacer IGS2 of KI. lactis var. lactis and K.
lactis var. drosophilarum (European population “krassilni-
kovii”) with Alul restriction endonuclease. K. lactis var.
lactis: VKM Y-868 (1); VKM Y-870 (2); VKM Y-1333 (3);
VKM Y-1343 (4); KI. lactis var. drosophilarum (population
“krasilnikovii”): VKM Y-830 (5); VKM Y-831 (6); VKM
Y-834 (7); VKM Y-1890 (8). M is the molecular weight
marker (bp) 100 bp DNA Ladder (Fermentas, Lithuania).

assimilation for the differentiation of KI. marxianus
and KI. lactis.

The results of this molecular study show that the
PCR-RFLP analysis of the rDNA 5.8S-ITS and 1GS2
fragments makes it possible to carry out rapid and pre-
cise identification of dairy yeasts KI/. marxianus and
Kl lactis, as well as to differentiate between the variet-
ies of the latter species. The procedure of molecular
identification takes no more than 4—5 days, including
cultivation of the yeasts on solid culture media
(2 days), PCR using the yeast cells, and subsequent
RFLP analysis (2—3 days).

Additional study of maltose utilization in 29 strains
(as described in [4]) of KI. lactis var. drosophilarum
from North American populations, demonstrated that
all of these strains except the type strain from the
“phaseolosporus” population have the phenotype
Mal*. Since any phenotypic feature is subjected to
genetic variability, indication of the rare natural
mutant Mal~ does not discredit the application of this
diagnostic feature for preliminary differentiation of
Kl. lactis and KI. marxianus.

Thus, according to our reidentification, most
Kluyveromyces strains from the VKM which are capa-
ble of active lactose fermentation [11] were found to
belong to KI. marxianus.
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