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Yeasts represent a major group within the microbial communities involved in production of fermented foods. Studies
regarding yeast diversity during fermentation, focused on Saccharomyces cerevisiae, but Pichia kudriavzevii also
represents an important component of these communities. P. kudriavzevii is widely distributed in nature, is isolated
mainly from natural fermentations and is characterised as a potential biocontrol and wastewater treatment agent. The
present work deals with biodiversity studies on four P. kudriavzevii strains from Romanian spontaneous fermented
products. The strains were identified using conventional tests and molecular analyses of the rDNA coding region. The
intraspecific biodiversity was evaluated by PCR-RAPD using different primers. The dynamics of yeast communities
from fermented products involved interspecific comparative analysis of RAPD profiles of our strains and their cofermenters and determination of the similarity index using the Jaccard coefficient (Sij).
This study represents a preliminary step for characterizing the microbial communities from Romanian fermented
products and is essential for the improvement of biotechnological processes associated with food industry.
Key words: Romanian fermented products, Pichia kudriavzevii, RAPD-PCR, intraspecific/interspecific biodiversity.

INTRODUCTION

GRAS (Generally Regarded as Safe)
(Bourdichon et al., 2012) and is frequently used
for obtaining traditional fermented dairy
products such asgariss (camel milk derived
product specific to Sudan), mashita (a special
butter produced in Egypt) (Ongol and Asano,
2009) and nunu (dairy product similar to
yoghurt from Ghana, Nigeria and Burkina
Faso) (Johansen et al., 2019). Apart from its
involvement in traditional fermentations,
members of this species are well known for
their use in industry for obtaining biofuels
(Mukherjee et al., 2017; Sankh et al., 2013),
succinic acid as well for wastewater treatment
(Tondee et al., 2008). Bajaj et al. (2013
reported a P. kudriavzevii strain able to produce
a killer toxin that inhibits growth of different
human pathogens such as Escherichia coli,
Enterococcus faecalis, Staphylococcus aureus,
Pseudomonas aeruginosa and Pseudomonas
alcaligenes. Others, suggested its potential as
enzymes producer being able to synthetize
phytase, an enzyme very useful for the
individuals that have a cereals dominate food
pattern and, therefore, are frequently affected
by mineral deficiencies (Hellström et al., 2012).
Another application is synthesis of curcumin, a
polyphenolic compound used as food additive

The microorganisms represent the most
abundant and ubiquitous group of living
organisms found on our planet being involved
in numerous global relevant processes.
Biodiversity is the main feature of this group
and since the `70s many scientists presented it
as a central research issue (Griebler and
Lueders, 2009). Yeasts are the first
microorganism domesticated and successfully
used for food processing mainly due to their
fermentative properties but also due to their
rich content of vitamins (Faria-Oliveira et al.,
2013). Although Saccharomyces cerevisiae is
the most known yeast species involved in the
production of fermented foods, many other
species were characterized as being essential in
microbial
communities
involved
in
fermentation processes. During last decades,
Pichia kudriavzevii (formerly known as
Issatchenkia orientalis), gained an important
role biotechnology due to its specific traits that
recommend it as a starter culture for obtaining
different products. P. kudriavzevii is widely
distributed in nature being isolated from soil,
fruits surface and natural fermentations
(Kurtzman, 2011). This species is considered as
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with antioxidative, antitumor and antiinflammatory activities (Zhang et al., 2013). P.
kudriavzevii was also characterized as a
potential probiotic agent (Chelliah et al., 2016)
presenting high resistance to stress conditions
associated with the human gastrointestinal
tract. The species is also known for its
impressive resistance to stress conditions
induced by pH extremes, salt high
concentrations and heat shock response (Li et
al., 2019). Due to its huge biotechnological
potential, the aspects regarding the intraspecific
biodiversity and the degree of relatedness
between P. kudriavzevii strains and their cofermenters, became an important domain of
research.
Microbial
communities
of
spontaneous fermented food products represent
a great source of resources for improving
biotechnological processes based on protection
of regional specificity.
The present work deals with biodiversity
studies on four P. kudriavzevii strains isolated
from Romanian spontaneous fermented
products.

morphological aspect of the colonies was
observed using yeast cultures grown for 48
hours on YPGA media at 28°C, using a
stereomicroscope SZM-1 (Optika Microscopes,
Italy), while the and aspect of the cells and the
budding type were analyzed with an optical
microscope (MICROS, Austria).
Growth tests were performed under osmotic
stress
conditions
induced
by
high
concentrations of glucose (50% and 60%) at
28°C, and at non-permissive temperatures
(20°C; 28°C; 37°C; 60°C). In both cases the
medium was represented by YPGA and the
results were recorder for 3 weeks (Kurtzman,
2011).
For the urease test, we used a special medium
containing phenol red as pH indicator and urea
(0.1% peptone; 0.1% glucose; 0.5% sodium
chloride;
0.2%
potassium
phosphate
monobasic; 0.0012% phenol red; 2% agar; 2%
urea added after sterilization). The positive
results were indicated by the color changing
from yellow to pink. The strain Rhodotorula
glutinis CMGB-G1 was used as positive
control and Saccharomyces cerevisiae CMGB234 as negative control (Corbu et al., 2018).

MATERIALS AND METHODS
Yeast strains
SM3, L3S, M6 yeast strains were isolated from
spontaneous fermented foods (fermented milk,
sour-crèmeand wine wort) from different
counties of Romania (Ilfov, Bistrița-Năsăud,
Ialomița) and maintained in a Revco LegaciTM
Refrigeration System (Copeland, UK) at -70℃,
on Yeast Peptone Glucose (YPG) medium
(0.5% yeast extract, 1% peptone, 0.2% glucose)
supplemented with 20% glycerol. Prior to any
experiment, each yeast strain was cultivated on
YPGA (YPG medium with 2% agar) slants for
24 hours at 28°C. In this study we used
reference strains: Rhodotorula glutinis CMGBG1 (Collection of Microorganisms of the
Department of Genetics, Faculty of Biology,
University of Bucharest), Saccharomyces
cerevisiae CMGB 234, Hansenula (Ogataea)
polymopha CMGB 233, Candida parapsilosis
CMGB-DA1, Hanseniaspora uvarum CMGBM1, Metschinikowia pulcherrima CMGB-M3
and P. kudriavzevii (I. orientalis) CMGB 224.
Morpho-physiological analysis
A series of conventional taxonomy tests were
used to identify the yeast strains. The

Phenotypic phylogeny
For a more accurate physiological identification
of the tested strains, we performed phenotypic
phylogeny analyses using Biolog Microbial ID
System according to the manufacturers`
specifications.
Genomic DNA isolation
Genomic DNA was isolated and purified
according to Csutak et al., 2014, and the
concentration of the DNA extracts was
determined
using
a
NanoVue
Plus
spectrophotometer at λ 260 nm.
PCR-RFLP of the ITS1-5.8S rDNA-ITS2
region
The ITS1-5.8S-ITS2 region was amplified
according to Csutak et al. (2014) using ITS1
(5’-TCCGTAGGTGAACCTGCGG) and ITS4
(5’-TCCTCCGCTTATTGATATGC) primers.
The amplicons obtained were than digested
with Cfo I (5’-GCG/C-3’), Hinf I (5’-G/ANTC3’), Hae III (5’-GG/CC-3’), and Msp I (5’C/CGG-3’) (10 U/µl, Promega) restriction
endonucleases and the restriction fragments
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were observed by agarose gel electrophoresis
(1.7% agarose in 0.5X Tris-Borate-EDTA
buffer). The size of the amplicons and
restriction fragments was determined using
Quantity One program (BioRad) after staining
with ethidium bromide in a final concentration
of 0.5 µg/mL.

foods and beverages from Romania Y-L3S, YSM3 and Y-M6 (Table 1) were identified using
conventional taxonomy tests. After 48 hours of
growth on YPGA medium our strains formed
white colonies, elevated and convex with
slightly different surfaces. Y-M6 colonies had
dried surface (Figure 1, C1), while Y-L3S
(Figure 1, A1) and Y-SM3 (Figure1, B1)
colonies were smooth. Our strains presented
ovoid cells with polar budding (Figure 1 A2;
B2; C2).

PCR-RAPD
The PCR-RAPD analysis of the newly isolated
strains was performed in total volume of 50 µL
using 5 primers: OPA03 (5’-AGTCAGCCAC3’); OPA11 (5’-CAATCGCCGT-3’); OPA18
(5’-AGGTGACCGT-3’);
OPE18
(5’GGACTGCAGA-3’);
M13
(5’AGGGTGGCGGTTCT-3’). The reaction mix
comprised 100 ng genomic DNA; 2 mM
magnesium chloride (MgCl2), 0.2 mM dNTP
mix, 2 µM primer, 1.25 U GoTaq DNA
polymerase and 1X Green GoTaq Flexi Buffer
(Promega). The PCR program included: initial
denaturation 2 min at 95°C, 35 cycles of 1 min
at 95°C, 1 min at 36°C and 2 min 72°C and a
final extension of 5 min at 72°C (Biometra T
Gradient Thermocycler). Negative control
reactions (without genomic DNA) were also
run.

Table 1.The three newly isolated yeast strains

Numerical analysis of the RAPD patterns
The genetic relatedness of the isolates
(intraspecific biodiversity) was determined
analyzing the RAPD profile obtained for each
strain and by calculating the similarity index
using the Jaccard coefficient (Sij). Similarly,
the interspecific biodiversity of the microbial
communities from spontaneous fermented
products was determined by comparing their
profile to the RAPD profile of their cofermenters.
Appropriate dendograms were generated by
PyElph (Pavel and Vasile, 2012), using
UPGAMA (Unweighted Pair Group Method
with Arithmetic Mean) method.

Yeast strains

Source of isolation

County/Region

Y-L3S
Y-SM3

Fermented milk
Sour-crème

Ilfov
Bistrita-Nasaud

Y-M6

Wine wort

Ilfov

Figure 1. Aspect of the colonies and cells (40X)
formed by isolated yeast strains (A.1/A.2- Y-L3S;
B.1/B.2- Y-SM3; C.1/C.2- Y-M6)

Physiological characterization of yeast strains
is considered a useful tool for taxonomical
identification. Also, their behavior in different
culture
conditions
can
predict
their
biotechnological potential. According to Table
2, our strains presented high resistance to stress
conditions imposed by temperature variation
and high concentrations of glucose. The results
are consistent with the description of
P. kudriavzevii CBS 2911, although this strain
showed a reduced growth at temperatures
higher than 37°C and slow/delayed growth in
presence of 50% glucose. P. kudriavzevii is
well known for its high resistance to stress
conditions, which is related to the pressure of

RESULTS AND DISCUSSIONS
Yeast strains isolation and morphophysiological characterization
Spontaneous fermented foods represent an
ecological niche characterized by impressive
microbial biodiversity. Three yeast strains
isolated from different spontaneous fermented
106

the environment that influences the rate of
expression of genes involved in specific
metabolic pathways in strains isolated from
natural habitats (Wada et al., 2019; Matsushika
et al., 2016). Urea hydrolysis is considered an
important test that shows dichotomy between
different species of yeasts. None of our strains
was able to produce urease, the results being
correlated with the data from the scientific
literature (Kurtzman, 2011) (Figure 2).

over 250 yeast species and generates
phenotypic phylogeny (DeNittis et al., 2010).
All three strains were classified in the
P. kudriavzevii species with a percentage of
similarity greater than 90% (Figure 3).

Figure 2. Urea hydrolysis test results
A - negative control - S. cerevisiae - CMGB 234;
B - CMGB Y-L3S; C - CMGB Y-SM3; D - positive
control - R. glutinis - CMGB G1; E - CMGB Y-M6

Phenotypic phylogeny
In order to narrow down the number of species
possibly corresponding to our three newly
isolated strains, we used Biolog Microbial ID
System.
The system uses over 90 assimilation and
fermentation tests to establish a metabolic
profile for the tested strain. When the analysis
is over the result is compared to a database with

Figure 3. Phenotypic phylogeny generated
by Biolog Microbial ID System
(A: Y-L3S; B: Y-SM3; C: Y-M6)

Table 2. Conventional taxonomy tests results
Strain/Species

Urease

20°C
+
+
+

Temperatures
28°C
37°C
+
+
+
+
+
+

42°C
+
+
+

Osmotic stress growth
50% glucose
60% glucose
+
+
+
+
+
+

CMGB-Y-L3S
CMGB-Y-SM3
CMGB-Y-M6
Pichia kudriavzevii CBS 2911
+
+
+
-/D
(Kurtzman et al., 2011)
Legend: (+) significant growth recorded during first 48 hours of incubation; (-) no growth recorded after 48 hours of incubation; (D) growth was
recorded after more than 72 hours of incubation.

Molecular identification
In order to confirm the results obtained by
conventional taxonomy techniques we used
ARDRA technique to analyze the ITS1-5.8SITS2 region.
The strain P. kudriavzevii (I. orientalis)
CMGB 224 (Ghindea et al., 2009) isolated

from yogurt, was used as reference for
molecular analyses. According to Figure 4, all
three strains showed similar restriction
patterns for the four used endonucleases, with
a few minor differences. The Cfo I enzyme
generated three fragments of 220, 200 and 75
bp for Y-SM3 and Y-M6 strains and two
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fragments of 220 and 75 bp for Y-L3S strain.
The Hae III digestion generated two fragments
of 410 and 100 bp, while the Hinf I restriction
resulted in two fragments of 220 and 160 bp.
The Msp I enzyme restriction generated only

one fragment with approximately 265 bp. The
comparison of the restriction patterns obtained
for our strains with those from similar studies
(Table 3), confirmed the belonging of our
strains to P. kudriavzevii species.

Figure 4. PCR-RFLP of the ITS1-5.8S-ITS2 region for Y-L3S-(A); Y-SM3-(B); Y-M6-(C) strains
Legend: 1-Cfo I; 2-Hae III; 3-Hinf I; 4-Msp I;
5-100-bp DNA Ladder (ThermoFisher Scientific); 6-BenchTop-50-bp-DNA Ladder (Promega)
Table 3. Amplicons and restriction fragments of ITS-5.8S rDNA-ITS2 region from isolated and reference yeast strains
Strain/species
Y-L3S
Y-SM3
Y-M6
I. orientalis CMGB 224
(Csutak et al., 2012)
I. orientalis CBS 5147
(Csutak et al., 2012)
I. orientalis (Nisiotou et al., 2007)
I. orientalis (Granchi et al., 1999)
P. kudriavzevii VTT C-89178
(Pham et al., 2011)
I. orientalis MC10(1)
(Basilo et al., 2011)

Amplicon
(bp)
520
520
520

Cfo I (bp)

Hae III (bp)

Hinf I (bp)

Msp I (bp)

220; 75
220; 200; 75
220; 200; 75

410; 100
410; 100
410; 100

220; 160
220; 160
220; 160

265
265
265

520

204; 178; 69; 52; 6

386; 38

218; 154; 137

260; 249

509

210; 170; 80

400; 100

210; 150; 150

260; 260

500
500

200; 190; 70; 50
185; 170; 69; 56

400; 90
370; 90

220; 140; 140
225; 160; 145

ND
ND

500

200; 180; 70; 50

360; 90; 50

220; 150; 130

ND

520

ND

ND

ND

280; 240

Biodiversity of P. kudriavzevii strains in
fermented products
The RAPD technique is a commonly used
molecular method for interspecific and
intraspecific studies among different yeast
species. RAPD fingerprints are obtained by
PCR amplification using very short primers (no
longer than 10-mer) and low annealing
temperature (Samuelsson et al., 2010). This
technique has many advantages such as: no
need for prior knowledge of the genome
investigated; rather low economic costs; a large
range of primers yielding numerous amplicons
with high polymorphism which allow
determination of intraspecific biodiversity. The
main disadvantages of the technique reside in
the low possibility of distinguished between
homozygotes
and
heterozygotes;
the
reproducibility is also problematic due to the
fact that the results are strongly influenced by

the amplification parameters (e.g. DNA
concentration/quality and degree of RNA
contamination) (Kumari and Thakur, 2014;
Csutak et al., 2011).
In this study we used five primers (OPA03;
OPA11; OPE18; M13) selected during previous
work (data not shown) based on the numbers of
bands generated. To overcome the low
reproducibility of this technique, we optimized
the parameters and the reaction mix using
I. orientalis (P. kudriavzevii) CMGB 224 as
reference strain and comparing the results with
previous studies (Ghindea et al., 2009). After
optimization and confirmation of the
reproducibility of the technique, the RAPDPCR parameters were used to determine the
genetic relatedness of the isolates (intraspecific
biodiversity) (Figure 5). Similarity was
estimated mainly by the presence of a band and
not by its intensity (Atienzar and Jha, 2006),
108

therefore the similarity index based on Jaccard
coefficient was preferred in order to estimate
the intraspecific polymorphism
among
members of P. kudriavzevii species isolated
from different sources. Also, the absence of a
specific band generated by a RAPD primer
does not imply genetic similarity between two
genotypes, the Jaccard`s index being therefore
more efficient for RAPD based intraspecific
polymorphism analyses (Rabie et al., 2010).
According to Figure 5 all selected primers
generated more than four amplification
fragments for each strain analyzed except for
C. parapsilosis CMGB-DA1, H. uvarum
CMGB-M1 and M. pulcherrima CMGB-M3
amplified with OPE18 primer in which case we
obtained two respectively a single fragment for

the last two strains. The size of the fragments
varied from 100 bp to over 2000 bp
(determined by PyElph software) (Table 4).
Although optimized, the RAPD amplification
generated numerous low intensity amplicons.
In our analyses these amplicons were omitted.
All primers tested yield different degrees of
polymorphism between our strains, but the
primers OPE18 and M13 seemed to be the most
discriminating. Therefore, we considered that
these primers could be used for further testing
of P. kudriavzevii intraspecific biodiversity
using a greater number of strains isolated from
similar environments but from different
regions, in order to determine a possible
correlation between these two parameters.

Figure 5. RAPD profile of P. kudriavzevii strains and their co-fermenters
Legend: 1/11 - P. kudriavzevii CMGB 224; 2/12 - P. kudriavzevii Y-SM3; 3/13 - P. kudriavzevii Y-L3S; 4/14 C. parapsilosis CMGB-DA1; 5/15 - H. (O.) polymorpha; 6/16 - S. cerevisiae CMGB-234; 7/17 - P. kudriavzevii Y-M6;
8/18 - H. uvarum CMGB-M1; 9/19 - M. pulcherrima CMGB-M3; 10 - 100-bp DNA Ladder (ThermoFisher Scientific);
20 - BenchTop-50-bp-DNA Ladder (Promega)
Table 4. Intraspecific polymorphism of P. kudriavzevii isolates
Primer
OPA11
OPA18
OPA03
OPE18
M13

Total bands
19
16
20
25
34

Polymorphic bands
3
2
3
6
9

In order to obtain a better phylogenetic position
of our strains in relation to other fermentative
yeast species, the RAPD profiles generated
from other strains isolated from similar

Common bands
16
14
17
19
25

Jaccard Index
84.2%
87.5%
85%
76%
73.5%

environments (Figure 5) were used to construct
UPGAMA dendrograms (Figure 6). This
technique is frequently used in bioinformatics
for the creation of phonograms using an
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agglomerative clustering method. Since we do
not have prior knowledge regarding the
distance between the pairs of taxa analyzed we
decided that a rooted phylogenetic tree is much
more suitable for our work. This algorithm
examines the similarity matrix and organizes
data into clusters without offering information
about the evolutionary descendant (Kaur et al.,
2013). With the exception of the OPA03
primer, which placed the P. kudriavzevii
CMGB-M6, isolated from wine wort, in the
same cluster with P. kudriavzevii CMGB-L3S,
P. kudriavzevii CMGB-SM3 isolated from

dairy products (Figure 6) all the primers
indicated significant differences between this
strain and the other P. kudriavzevii analyzed
strains. Although, there are no significant
differences between P. kudriavzevii CMGB-M6
and P. kudriavzevii Y-SM3 and Y-L3S, all
three are clearly separated from P. kudriavzevii
(I. orientalis) CMGB 224 reference strain.
Therefore, we can consider that the primer
OPA03 can be recommended as molecular
marker for interspecific biodiversity in terms of
fermented food microbiota.

Figure 6. UPGAMA dendrogram for P. kudriavzevii strains and their co-fermenters, obtained
from RAPD profiles with OPA11, OPA18, OPA03 and OPE18 primers
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On the other hand, the primer OPA11 was the
only one able to generate profiles allowing the
separation of P. kudriavzevii Y-SM3 from YL3S. Therefore, we consider that a combined
analysis of RAPD profiles obtained with
OPA03 and OPA11 primers could provide a
more accurate evaluation of intraspecific and
intergeneric polymorphism.
Both OPA18 and M13 primers placed the strain
C. parapsilosisCMGB-DA1 strain close to the
clusters formed by P. kudriavzevii isolates
(Figure 6). Moreover, the OPA18 primer
placed
P.
kudriavzevii
Y-M6
and
C. parapsilosis CMGB-DA1 on a distinct
branch of the same cluster. Until recently,
P. kudriavzeviiwas considered the teleomorph
form of C. krusei. Douglass et al 2018 proved
that the two species are synonyms and not
distinct, fact that might explain our results
(Schmalreck et al., 2014).
Although OPE18 and M13 primers generates
the lowest Jaccard`s index (Table 4), according
to the dendrograms, these primers are not able
to reunite all the P. kudriavzevii strains under
in the same cluster or to separate them from
other species. As a consequence, we believe
that these primers are more suitable for
analyzing
P.
kudriavzevii
intraspecific
biodiversity and not for interspecific or
intergeneric studies.

the possibility to obtain easily patent and to
commercialize biological products can benefit
from the full potential of microbial diversity
(Tripathi et al., 2007). Our study deals with this
problem, representing a preliminary step for the
optimization of biotechnological processes with
industrial value.
The present work deals with the identification
and biodiversity of four P. kudriavzevii strains
isolated from Romanian spontaneous fermented
products. The primer OPE18 generated the
highest
intraspecific
varibility
among
P. kudriavzevii isolates, while the OPA3 primer
was able to reunite all P. kudriavzevii strains in
the same cluster. The combination of RAPD
analyses using the primers OPA11 and OPA3
is recommended as a relible method for intraand intergeneric biodiversity studies on yeasts
traditional spontaneous food microbiota.

CONCLUSIONS
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